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PREFACE

Heart Disease is the Leading Cause of Death for Women – We must Change the Status Quo
Gláucia Maria Moraes de Oliveira1

and Claudio Tinoco Mesquita 2,3,4

Pós-graduação em Cardiologia da UFRJ, Universidade Federal do Rio de Janeiro (UFRJ),1 Rio de Janeiro, RJ - Brazil
Pós-Graduação em Ciências Cardiovasculares, Ebserh/HUAP, Universidade Federal Fluminense,2 Niterói, RJ - Brazil
Hospital Pró-Cardíaco,3 Rio de janeiro, RJ – Brazil
Editor-in-Chief International Journal of Cardiovascular Sciences, Sociedade Brasileira de Cardiologia,4 Rio de Janeiro, RJ - Brazil

According to the Continuous National Household
Sample Survey, in 2019, the Brazilian population was
composed of 48.2% men and 51.8% women. In the age
group up to 24 years old, men and women accounted
for 17.8% and 17.2% of the population, respectively, in
2019. From 25 years of age onwards, the proportion of
women was higher than that of men in all age groups,
30.4% and 34.6%, respectively, for men and women.
On the other hand, life expectancy for men in that same
year was 73.1 years, and, for women, it was 80.1 years.
Therefore, it is important to build data about Brazilian
women in all stages of their course of life.1
The greatest burden of death and disability among
women worldwide is attributable to non-communicable
diseases, especially cardiovascular diseases (CVD).
Moreover, nearly 80% of non-communicable diseases
occur in low-income and middle-income countries, such
as Brazil.2 Marques-Santos and Oliveira highlighted
the differences in CVD between female and male sex
and emphasized the higher proportional mortality
in Brazilian women.3 According to Global Burden of
Disease 2019, in Brazil, CVD accounted for 22.42%
of deaths in women, compared to 20.83% in men,
considering all ages.4
In the same line, Parapid & Bond highlight several
aspects of the inequity unveiled by COVID-19 in women's
lives, and they proposed actions to improve the careers of
women in the frontline of the health-care sector. Finally,
they conclude that “most importantly, as doctors, we

know that, as long as there is a will, we tend to find
a way, and, finally, if not us, then who?” That is our
mission, to meet women where they are to provide better
cardiovascular care.5
Several aspects of risk stratification in women have
been shown in the original articles, especially those
specific to the female sex, in a country like Brazil with
different socioeconomic determinants. It is worth
noting that cardiovascular risk in Brazilian women,
mostly at young ages, has been changing in recent
years, with increased obesity, diabetes, and arterial
hypertension, in accordance with data from Global
Burden of Disease 2019. 4 However, most of them
are preventable by means of healthy lifestyles at the
population and individual levels.
Women are underdiagnosed and undertreated
compared to men with the worst prognosis in
various diseases, such as ischemic heart disease,
myocardial infarction, mitral valve diseases, and
infective endocarditis, as we can see in the articles
in this issue.6-10
Dr. Fausto Pinto, President of the World Heart
Federation, highlighted the necessity of getting gender
equity and listed several suggestions proposed by the ACC’s
Cardiovascular Disease in Women Committee to reduce
existing gaps. And he emphasizes that "a lot has been done,
but a lot more still needs to be done. It is up to all of us to
ensure that will happen".11
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Brazil is a continent-sized country with great
heterogeneity and local diversity due to socioeconomic
and cultural aspects of women's lives. Therefore, it is
fundamental to promote initiatives to increase knowledge
about the importance of cardiovascular health in all women's
life courses. Furthermore, it is crucial to better understand
local disparities in women's cardiovascular health in order
to define public policy and health care, reduce gaps, and
promote gender equity in Brazilian health care.3
We would like to thank Dr. Roxana Mehran,
Professor of Medicine and Director of Interventional
Cardiovascular Research and Clinical Trials at the
Zena and Michael A. Wiener Cardiovascular Institute
at Mount Sinai, for accepting the invitation to co-edit
this issue. Dr. Mehran is an international leader in
cardiology, and she is involved in multiple activities
that contribute to the empowerment of women
in cardiology and to coping with cardiovascular
disease in women. In addition to our special thanks
to Dr. Mehran, we extend our thanks to all editors,
a u th o r s, r e vi e wers , c on tributors , trans lat ors,

statisticians, and members of the editorial board
of the International Journal of Cardiovascular Sciences
who have undertaken the enormous effort to bring
us this special issue.
We invite you to read this special issue that intends
to understand better all aspects of cardiovascular
health care in women in order to give them healthy
lives wherever they are. We greatly appreciate all
the women who helped us build this special edition,
especially Ms. Tailane Rodrigues, who put forth all
her best efforts to bring us this outstanding issue
of the International Journal of Cardiovascular Sciences
completely devoted to Brazilian women.

Tailane Rodrigues
Editorial Assistant of the IJCS Journal
Postgraduate in Library Science
Fluminense Federal University (UFF),
Niterói, RJ - Brazil
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EDITORIAL

Women and Cardiac Disease: A Special Issue
Roxana Mehran

and Birgit Vogel

Icahn School of Medicine at Mount Sinai, New York - USA

Cardiovascular disease is the leading cause of death in
women worldwide. Despite improvements in awareness
on heart disease in women through various campaigns
and initiatives, cardiovascular risk in women still tends
to be underestimated by health care professionals and
women themselves. With respect to the latter, a study
from the United States has even shown a decline in
awareness regarding the fact that heart disease is the
leading cause of death among women over recent
years.1 Especially young women are affected by low
awareness about cardiovascular risk as confirmed by
the data from the Variation in Recovery: Role of Gender
on Outcomes of Young AMI Patients (VIRGO) study,
which also found that women are less likely than men
to have a discussion about their cardiovascular risk
and potential risk modification with their health care
provider.2 Health care providers’ preparedness to assess
women’s cardiovascular risk appears to be suboptimal,
and according to survey data the majority of primary
care physicians and cardiologists do not comprehensively
implement cardiovascular disease prevention guidelines
in women.3 Accurate and timely diagnosis of various
cardiovascular diseases, especially ischemic heart
disease, are less frequent in women compared with men.
In addition, women with established cardiovascular
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disease have repeatedly been documented to be less
likely to receive guideline-recommended therapies.4,5
Sex-related differences in disease presentation and
comorbidities may contribute to these disparities, and
uncertainties persist with respect to diagnosis and
treatment of certain disease states that disproportionally
affect women (e.g. ischemia with non-obstructive
coronary arteries [INOCA], myocardial infarction in
the absence of obstructive coronary artery disease
[MINOCA], spontaneous coronary artery dissection
[SCAD], and takotsubo syndrome).
One of the major issues is the lack of robust study data
on cardiovascular disease in women. Women remain
underrepresented in the majority of cardiovascular
clinical trials, and sex-specific study data reporting is
often absent, which results in uncertainty about the
safety and efficacy of many cardiovascular therapies.6
In addition, it leads to knowledge gaps in the sex-specific
pathophysiological mechanisms and the natural history
of cardiovascular disease in women.
Cardiovascular risk factors may affect women differently
than men, and there is growing evidence about risk factors
specific to women, including premature menopause
and pregnancy-related disorders.7 Some studies also
suggest that the association between cardiovascular risk
and socioeconomic deprivation is more pronounced in
women compared with men. Further investigation is
urgently needed to evaluate the sex-specific impact of
well-established risk factors, sex-specific conditions, and
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the direct and indirect effects of underrecognized factors,
such psychosocial factors, on women’s cardiovascular
health. It should be one of the major research targets to
better understand how to incorporate these factors in risk
stratification tools and how to improve risk prediction,
especially in young women.
Further research is also needed to investigate
the role of sex hormones on cardiovascular risk in
women. It is well documented that, in comparison
with men, women generally present later in life with
coronary artery disease and that cardiovascular
risk increases significantly after menopause. 8
While data suggest that cardiovascular risk and the
development of cardiovascular disease are impacted
b y e n d o g e n o u s a n d e x o g e n o u s r e p r o d u c t i ve
hormone differences, it is still not fully elucidated
how sex-hormones affect the cardiovascular system
in women. Despite the lower cardiovascular risk
of young (premenopausal) women compared with
their male counterparts, alarming trends have
recently been documented, with a rise in myocardial
infarction in young women 9 and an overall increase
in cardiovascular disease mortality in women from
certain countries.10 It must be a priority to investigate
the underlying reasons and find strategies to oppose
these worrisome developments.

This special issue of the International Journal of
Cardiovascular Sciences on cardiac disease in women
features important research in women and heart disease;
the original research articles include studies providing
valuable insights on cardiovascular risk factors, risk
classification, and risk profiles of women from certain age
groups and geographical areas. Furthermore, this issue
comprises data on women traversing menopause, which
marks a critical time of cardiovascular risk acceleration
in a woman’s life, and it addresses cardiovascular risk
in the growing population of breast cancer survivors.
A comprehensive literature review on sex and gender
differences in ischemic heart disease as well as interesting
case reports are among the other high-yield articles
in this issue. Providing a platform for research on
cardiovascular disease in women in this way is a crucial
step to inform the medical and scientific communities, to
raise awareness, and to motivate further studies on this
important topic. A robust and comprehensive evidence
base on cardiovascular disease in women is the cornerstone
of providing optimal care to women and reducing the
global burden of cardiovascular disease. This special
issue on cardiac disease in women is an important effort
in addressing the gender gap and developing sex-specific
strategies for improved prevention, diagnosis, and
treatment of cardiovascular disease worldwide.
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Gender Equity: Time to Act
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This issue of the International Journal of
Cardiovascular Sciences comes at a time when
the medical and scientific community are finally
addressing an important issue that has been somehow
neglected over the years. That is gender equity when
dealing with health and scientific issues. This relates
not only with the medical differences between genders
in many clinical conditions, but also how gender
equity is still an enormous issue when we are dealing
with health care forces, payments, access to leading
positions and many other aspects,1,2 including citations
in high-impact journals.3
Scientific societies have developed several initiatives
in order to address some of these issues. At the European
Society of Cardiology (ESC) several initiatives were
organized over the years, including creation of a
working group on “Women in Cardiology”, support
of the “Leadership for women” Program organized by
Oxford University, where several ESC female leaders
were supported. Some Associations created specific
committees, such as the Interventional Cardiology
Association (EAPCI Women Committee) that was
created in December 2013.4 On International Women’s
Day (8th March 2011), the European Society of
Cardiology (ESC) launched a call for action to reduce
the gender disparities that are currently resulting in
women receiving second rate cardiovascular (CV) care.5
Studies published online on that day in the European
Heart Journal (EHJ),6,7 the official journal of the ESC,
showed a persistent under-utilisation of guideline
recommended treatments for heart disease in women
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compared to men. Unfortunately not much has changed
over the last years.8
In the USA, American Heart Association (AHA)
and American College of Cardiology (ACC) have also
developed very relevant initiatives and projects related
with gender inequities and some of them have really
helped to increase the awareness on the issue, such as the
program “Go Red for Women”,9 as well as helping shaping
formal decisions to help promoting gender equity.
In a remarkable study (systematic review) from ACC’s
Cardiovascular Disease in Women Committee, they
concluded female physicians have better patient outcomes
compared with their male peers, while female patients
are less likely to receive guideline-recommended care
when treated by a male physician.10 While care disparities
can be attributed to multiple factors, they may relate, in
part, to the differences in how cardiovascular disease
presents in women vs. men, the underrepresentation of
female subjects in clinical trials and the lack of women’s
health training in U.S. medical education.11 To combat
these findings, the study authors proposed three major
recommendations, that I underline here:
1. Increasing Gender Diversity in the Physician
Workforce
• Create interventions designed to address existing
implicit and explicit biases which have limited
opportunities for women in cardiovascular medicine.

Fausto J. Pinto - MD, PhD, FESC, FACC, FSCAI, FASE
President, World Heart Federation
Universidade de Lisboa - Portugal
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• Change the culture of cardiology to be more femaleand family-friendly.
• Increase representation of women in leadership
positions in cardiovascular medicine.
2. Improving Gender- and Sex-Specific Medical
Training
• Focus curricula on the presentation, diagnosis
and treatment of women and men, and highlight
specific differences.
• Include comprehensive behavioral health curriculum
to address stress, depression and anxiety faced by
women, as well as men, with cardiovascular disease.
• Teach patient-centered communication styles.
• Introduce implicit bias training.
3. Increase Research on the Role of Gender in PatientPhysician Relationships
• Focus on nonrandomized experimental designs that
incorporate economic approaches with medical research.
The World Heart Federation (WHF) as a global
organization in official relation with WHO is involved
and encouraging several programmes where gender
equity is a major concern. A good example is a join
project with our members the Colombian Society of
Cardiology and the Colombian Heart Foundation

called “Act with a woman’s heart”. 12 The aim is to
empower women health professionals and female
leaders in black communities in Monteria, Cartajena
and Apartado – underserved communities with
high rates of NCDs among women – to prevent and
manage heart disease. The main activities will include
online training, health screenings and follow-up
with a focus on hypertension, support groups for
adherence to medication & lifestyle recommendations,
and awareness campaigns.The project started in
October 2020. By the end of 2021, we expect to reach
800‑1000 women health professionals nationwide and
450 women health leaders in the three communities.
It is, therefore, fundamental to continue to implement
measures that help to reduce and, hopefully, end with
all the gaps related with gender inequities. This is a
long standing commitment that the whole scientific
community should subscribe and particularly their
leadership should encourage, nurture and implement.
A lot has been done but a lot more still needs to
be done. It is up to all of us to ensure that will
happen. This initiative of the International Journal of
Cardiovascular Sciences is certainly on that way and
deserves our recognition and gratitude to the Brazilian
Cardiovascular Community.
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COVID-19: An Insult to Injury on Equity
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SARS-CoV-2, which causes COVID-19, created a
pandemic that not only overwhelmed the world in
December 2019, but also challenged humanity in every way.
While a significant portion of the global population
remained in a standstill, waiting for an end and adapting
to limits of all sorts, including working from home,
a new workforce category emerged: the “frontline”
workers. Doctors, nurses, and all allied professions
employed by the healthcare system were joined by
a long line of diverse service providers. The latter
faced different forms of discrimination from their
surroundings, fearing the risk of infection based on high
rates of medical misinformation; for the former group,
Pandora’s box of bias was yet to be opened, in particular
for women.
According to initial reports, women were less likely to
develop severe or life-threatening forms of SARS-CoV-2
infection. With higher mortality rates seen in men, an
assumption that frontline work was safer for women
than men quickly emerged. As a result, although scarce,
reports confirmed higher infection rates in women
frontline healthcare workers, as was seen in Spain.1
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Globally, women occupy 70% of frontline positions in
the healthcare sector. Despite this, they are paid 11% less
than men.2 This was reconfirmed during the pandemic,
where women physicians and nurses in the United States
were paid 12% and 8% less than men in the same positions.3
Yet, only 25% of healthcare leadership and decision-making
positions have been held by women during the pandemic.4
The first warnings came from UN Women in early
Spring 2020.5 With the significantly higher percentage
of women frontline workers, an ongoing crisis will
only deepen gaps on the road to achieving equity.
This was best highlighted where, simultaneously,
various international medical entities6 yielded additional
attention to the world of academic medicine where
tenure clocks were not stopped or even paused, further
aggravating promotion pathways for women who had
less time to publish. Additionally, while men were not
participating in frontline work, they were afforded
the opportunity to be lead authors of publications on
frontline work and/or ongoing pandemic research.7
The existing unpaid workload at home was globally
aggravated by the increased need for homeschooling, and,
culturally, while dual physician households experienced
additional challenges during pandemic work, the toll on
women’s health were universally greater: from mental
health issues to delayed family planning due to menstrual
cycle disturbances, 8-13 even in the absence of contracting
the disease itself or while recovering from it.
Finally, as the pandemic has greatly changed our
existence, lamenting and reporting well-known data
should give way to implementation of actionable solutions.
“Primum non nocere.” Medical academic institutions
should start by practicing what they preach, beginning
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with their employees, the same way they do for their
patients, regardless of gender, color, or creed. As
women’s healthcare policies vary globally,14 it is up to
the leading medical and scientific authorities of each
respective country – regardless of local practice and of
whether or not there is a Diversity-Equity-Inclusion officer/
vice-dean – to protect their largest frontline workforce.
Existing women’s heart health programs, centers, and
clinics should open their doors on a weekly basis to inhouse staff, who most likely do not have time to schedule
an appointment themselves. The potential budgeting
issue could be overcome by the academic institution’s
dedicated burnout prevention program, and, in the event
that there is no help from existing employee support
models,15 there is no better moment in the history of
modern medicine than now to start one. For what it is
worth, as always and everywhere, a group of volunteers
who are willing to see patients pro bono will quickly
appear; so why not start with one’s own colleagues?
As the face of education continues to change, with
pressing needs to offer various forms of teaching to our

students, committees that handle academic promotions
have had plenty of time to consider involvement in
frontline work – and more importantly lack thereof – as well
as existing engagement in virtual teaching.
One solution is the creation of a new category of
achievement points for candidates, especially for those
who have actively participated in all pandemic-related
activities from the beginning, as well as for colleagues
who suffered from workplace-acquired COVID-19.
Even in the setting where groups of junior or midcareer academics are promoted together, it may be best
to delay the promotion of a pandemic bystander for the
benefit of an active participant.
This logic can only promote a healthier work
environment in the long run, where no one will feel
that they are being “left behind” because they are
“unworthy”.
Most importantly, as doctors, we know that, as long
as there is a will, we tend to find a way, and, finally, if
not us, then who?
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1

Women need specific intervention and information
about their particularities, especially regarding CV risk
factors, as well as the biological, pathophysiological,
and social differences between the sexes. The majority
of large clinical trials that address current cardiovascular
diseases (CVD) were not conducted with enough women
to generate robust evidence.1 CVD in women remains
poorly studied, poorly recognized, underdiagnosed, and
undertreated, generating worse outcomes. It is necessary
to change this reality so that women are approached
according to their singularities in order to reduce the
burden of CVD by 2030.2
Among the CV risk factors in Brazilian women, arterial
hypertension, dietary risks, obesity, increased serum
cholesterol, and fasting glucose stand out.3 Sex-related
CV risk factors, which affect CVD throughout life, play a
crucial role in women. 4 Menopause, especially in women
40 years, promotes changes in body composition, with an
increase in fat mass and a greater probability of metabolic
syndrome.5,6 Hypertensive diseases of pregnancy, such as
pre-eclampsia, gestational diabetes, and premature birth,
increase CVD in adulthood.7 The use of contraceptive
hormones associated with arterial hypertension increases
the risk of myocardial infarction (MI) by 12 times.8
Polycystic ovary syndrome and autoimmune diseases
contribute to increased cardiovascular risk.9
Other CV risk factors are more prevalent in women than
men. Depression and anxiety promote a higher occurrence
of obstructive and non-obstructive coronary heart disease
and are associated with worse CV outcomes.10 Domestic
violence increases physical and mental stress, CV risk
factors, smoking, obesity, depression, and anxiety,

amplifying the risk of CVD.11 Low educational level and
low socioeconomic status elevate cardiovascular risk
preponderantly in women.12,13 All these CV risk factors
need to be considered in the stratification of women,
and they are not included in the available risk scores.14
There is an urgent need to increase CVD risk stratification
among primary care physicians and cardiologists. A study
carried out in 2014 showed that less than 40% of these
professionals felt well prepared to address CVD in women,
and less than a quarter had comprehensively implemented
prevention guidelines for CVD in women.15
The presentation of CVD in women has particularities
that need to be recognized and treated. Ischemia resulting
from non-obstructive coronary artery disease (INOCA) is
prevalent in women, as a result of endothelial dysfunction,
and it has adverse outcomes because it is poorly recognized
and undertreated.16 The same happens with MI in the
absence of obstructive coronary artery disease (MINOCA),
with spontaneous dissection of the coronary arteries,
with MI without ST-segment elevation, which adds to
the difficulties of implementing secondary prevention
measures.17 Peripheral vascular disease is underdiagnosed
and undertreated, especially in low- and middle-income
countries. Stroke resulting from hypertensive diseases and
atrial fibrillation at advanced ages is prevalent in women,
with worse outcomes. Cognitive deficits and dementia
stand out, with increased burden of CVD.18
Regarding myocardial disease, there is a higher
prevalence of heart failure with preserved ejection fraction,
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Takotsubo syndrome, and peripartum cardiomyopathy,
all with few therapeutic options based on multicenter
and randomized clinical trials.2,9 The rheumatic diseases
and valvular sequelae are highlighted by the higher
prevalence in women. With the aging of the population,
they are added to aortic stenosis, which presents
singularities such as a smaller valve ring and greater
calcium deposition, requiring new strategies for the use
of transcatheter aortic valve implantation.19 Furthermore,
cardiorespiratory arrest in women occurs predominantly
at home, with a low rate of effective resuscitation due to
defibrillation of ventricular arrhythmias.20
Despite the recognition of the importance of sex and
gender in CVD research, important knowledge gaps
persist. A review of cardiovascular trials included in
the Cochrane Reviews reveals that only 27% of the
total participants in 258 trials were women.21 Adequate
inclusion of women in research, coupled with adequate
design and full reporting on adverse effects, requires
joint effort on the part of funders, researchers, reviewers,
and editors. In 2016, a panel of 13 experts from 9
countries developed the Sex and Gender Equity in
Research (SAGER) guidelines intended to guide gender/
sex information in study design and data analysis.22
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In this context of so many gaps, women are far from
receiving an ideal cardiology approach. Therefore, more
inclusion is needed in clinical trials, as are validated risk
scores that include specific CV risk factors.23 Moreover,
all segments of society must be involved, in order to seek
customized solutions for each country.
According to Global Burden of Disease data, in Brazil,
in 2019, ischemic heart disease and stroke accounted for
12.03% (95% uncertainty interval [UI] 10.66% – 12.88%)
and 10.39% (95% UI 9.25% – 11.15%) of deaths from
CVD in women, compared to 12.22% (95% UI 11.5%
– 12.77%) and 8.41% (95% UI 7.84% – 8.83%) in men,
respectively (Figure 1). To reduce the burden of CVD,
the Brazilian Unified Health System is available, with
access to three levels of care: primary, secondary, and
tertiary. Primary Health Care and the Family Health
Strategy are distributed throughout 5,570 municipalities,
covering 76.08% of the Brazilian population, as of
December 2020 (https://egestorab.saude.gov.br/ pages/
access public/reports/relHistoricoCoberturaAB.xhtml).
Actions aimed at Primary Health Care would bring a
good opportunity to improve awareness of CVD risks
in women, encouraging primary prevention of their CV
risk factors.

Figure 1 – Proportional mortality for cardiovascular diseases, by sex, Brazil, 1990 to 2019, Global Burden of Disease Study 2019.
(https://vizhub.healthdata.org/gbd-compare/)
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The creation of a Continuing Assisted Education
Program for Women, focusing on CVD, developed by
specialist societies, such as cardiology, gynecology,
and obstetrics, aimed at Primary Health Care and
the Family Health Strategy, could help implement
diagnosis and treatment protocols of CV risk factors.
Additionally, the construction of a nationwide database
with indicators generated by the program would guide
future interventions.
Another action to be taken would be dissemination
and adherence to the SAGER guidelines on the part of
national journals, with the publication of works that

promote greater inclusion of women in order to generate
therapeutic strategies with robust evidence. It is also
necessary for funding agencies to develop programs that
include women researchers who aim to conduct studies
that can reduce CVD burden and mortality by the next
decade, preventing undesirable outcomes, illness, and
premature death in women.
The global agenda for women’s health needs to be
broadened and redefined, and a sex-disaggregated
approach to health research and policy is required.4
Therefore, women are not fragile sex; women are singular
and must be seen and treated like that.
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Abstract
Background: The impact of gender on the outcome of patients hospitalized with infective endocarditis (IE) is not
fully understood.
Objective: To verify the association between gender and the clinical profile of patients hospitalized with IE,
treatment strategies, and clinical outcomes.
Methods: This is a retrospective nationwide study of patients hospitalized with IE, based on hospital
admissions between 2010 and 2018 in Portugal. Descriptive statistics were used to present variables. An
inferential analysis was performed using multiple logistic regression. A 95% confidence interval and a 5%
significance level were considered.
Results: In total, 3266 (43.1%) women and 4308 (56.9%) men were hospitalized with IE. The women were older
(76 vs 69 years old, p<0.001), more frequently presented arterial hypertension (39.8% vs 35.4%, p<0.001) and atrial
fibrillation (29.5% vs 21.2%, p<0.001), and had less cardiovascular comorbidities. Acute heart failure was more
common in women (32.9 vs 26.9%, p<0.001) and acute renal failure (13.6% vs 11.7%, p<0.001) and sepsis (12.1% vs
9.1%, p<0.001), in men. Women were less likely to undergo cardiac surgery (OR 0.48 – 95%CI 0.40–0.57, p<0.001)
and had a higher postoperative mortality (OR 1.84, 95% CI 1.19–2.84, p=0.006). In-hospital mortality rates were
comparable between genders (20.3% vs 19.6%, p=0.45).
Conclusions: Women were less likely to undergo cardiac surgery when hospitalized with IE, and the female gender
was a predictor factor for postoperative mortality. Overall, in-hospital mortality was not influenced by gender.
Further research is necessary to fully clarify the impact of gender on IE management and outcomes.
Keywords: Endocarditis; Gender and Health; Cardiac Surgery; Mortality.

Introduction
Cardiovascular diseases, including coronary heart
disease, heart failure, and cerebrovascular disease, constitute
leading causes of cardiovascular morbidity and mortality
worldwide.1 Great advances in cardiovascular prevention
and management2–4 have dramatically altered the outcome
of these patients. Still, this trend has not been homogeneous
between men and women. In the last decades, a growing
awareness of the similarities and differences between

men and women regarding cardiovascular function,
disease burden, and epidemiology has been noted. Several
initiatives issued by scientific societies have increasingly
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recognized the need for reducing the gender gap in clinical
care and research.5 Various publications have highlighted
the impact of gender on several fields of cardiology such
as coronary artery disease6–8 or heart failure,9,10 as well as in
general medicine involving sepsis11 or pneumonia.9
Infective endocarditis (IE) constitutes a rare condition
with significant morbidity and mortality. Demographic
changes, with an aging population associated with an
upward trend in the implantation of prosthetic cardiac
valves and cardiac devices, have justified a similar trend
in the incidence of this pathology.12–14
The impact of gender in the clinical profile and
outcome of patients with IE has been seldom approached.
A higher incidence among men has been noted15,16 in
international registries. Moreover, a recent systematic
review of observational series from Portugal17 concluded
that a higher prevalence of men was noted in all studies
and this predominance was also noted in all surgical
series (men constituted more than two-thirds of all
operated patients). Still, scarce and conflicting evidence
persists regarding the influence of gender on the access to
cardiac surgery and fatal outcome,18–24 being mostly based
on single-center cohorts. Populational studies addressing
this issue are rare,23 yet crucial to avoid selection bias in
observational studies performed in tertiary centers.
Therefore, using population-based data, the authors
sought to explore the association of gender and the
clinical profile of patients hospitalized with IE, access to
surgical interventions, and clinical outcomes.

Methods
Study design
This is a nationwide cross-sectional study using
inpatient discharge data from all public hospitals of the
Portuguese National Health System (NHS) considering
patients admitted with IE. A comparative analysis based
on gender (women and men) was performed.
Our data source and study population were described
elsewhere. 25 In brief, our data comprised hospital
discharge reports including clinical information (gender,
age, geographical region, hospital, date of admission and
discharge, length of hospital stay, destination — home,
unknown, another acute hospital, a palliative care institution
or outpatient clinic, discharge against medical advice,
deceased), a clinical diagnosis list (one primary diagnosis
and up to nineteen secondary diagnoses), and procedures

(up to twenty). The hospital discharge report used the
International Classification of Diseases (ICD)-9 until 2016,
and ICD-10 from then onwards. All hospitalizations of
patients with an IE diagnosis at discharge (ICD-9-CM codes
421.0, 421.1, 421.9, and 424.9; ICD-10-CM I33.0, I33.9, I38,
and I39) between January 1, 2010 and December 31, 2018
were considered. Each patient and hospitalization episode
were linked to the first institution of hospitalization.

Variables
For each index IE hospitalization associated with valvular
surgery, we identified the year of hospitalization, date of
surgery (when available), presence of a cardiothoracic
unit at the first hospital of admission, clinical information
(gender, age, year of discharge, length of hospital stay),
cardiovascular history and comorbidities (diabetes mellitus,
non-rheumatic valve disease, rheumatic valve disease,
affected cardiac valve, arterial hypertension, chronic kidney
disease, chronic coronary artery disease, cancer, human
immunodeficiency virus [HIV] infection, cardiac devices
and heart valve prostheses, atrial fibrillation, chronic liver
disease, chronic obstructive pulmonary disease, use of
opioid drugs, congenital heart disease), microorganisms
(Staphylococcus, Staphylococcus aureus, Streptococcus,
Enterococcus, Gram-negative bacteria, anaerobes, fungi,
Brucella), complications compatible with IE (heart failure,
embolic stroke, ischemic stroke, transient ischemic attack,
septic shock, splenic abscess, acute renal failure, acute
coronary syndrome, central nervous system abscess, or
meningitis), cardiac surgery, and in-hospital death using
the ICD-9 and ICD-10 codes — Supplement Table S1.

Definition of postoperative and in-hospital mortality
Postoperative mortality was defined as all-cause
deaths that occurred during the index hospitalization in
patients who underwent cardiac surgery.
In-hospital mortality was defined as all-cause deaths
that occurred during the index hospitalization in all
patients hospitalized with IE.

Statistical analysis
Continuous variables were presented as means ±
standard deviations if following a normal distribution;
otherwise, medians and interquartile ranges were displayed.
Categorical variables were expressed as frequencies and
percentages. For the bivariate analysis, the comparison
between continuous variables was performed through
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Table 1 – Baseline characteristics of women and men hospitalized with IE in Portugal between 2010 and 2018
Overall

Men

%

Women

%

p

7574

4308

56.9

3266

43.1

-

Age, years – median (interquartile range)

72(21)

69(22)

-

76(18)

-

<0.001

Cardiothoracic unit on site , number of
beds (%)

3302 (43.6)

1876

43.5

1426

56.4

0.92

18(34)

22(36)

-

14(29)

-

<0.001

Diabetes mellitus

2016 (26.6)

1116

25.9

900

27.6

0.11

Arterial hypertension

2828 (37.3)

1527

35.4

1301

39.8

<0.001

Atrial fibrillation

1876 (24.8)

912

21.2

964

29.5

<0.001

HIV

133 (1.8)

107

2.5

26

0.8

<0.001

CRF

887 (11.7)

515

12.0

372

11.4

0.47

CRF on hemodialysis

324 (4.3)

192

4.5

132

4.0

0.39

Non-rheumatic cardiac valve disease

1590 (21)

1044

24.2

546

16.7

<0.001

Rheumatic valve disease

709 (9.4)

396

9.2

313

9.6

0.58

Mitral valve disease

913 (12.1)

564

13.1

349

10.7

0.001

Aortic valve disease

903 (11.)

611

13.1

292

8.9

<0.001

Aortic and mitral valve disease

405 (5.3)

237

5.5

168

5.1

0.26

Right heart valve disease

447 (5.9)

243

5.6

204

6.2

0.15

Cardiac valve prosthesis

914 (12.1)

537

12.5

379

11.6

0.24

Cardiac implantable electronic devices

649 (8.6)

386

9.0

263

8.1

0.17

Coronary artery disease

970 (12.8)

606

14.1

364

11.1

<0.001

Previous PCI

108 (1.4)

79

1.8

29

0.9

0.001

Previous CABG

183 (2.4)

136

3.2

47

1.4

<0.001

42 (1)

24

0.6

18

0.6

0.88

Cancer

1018 (13.4)

627

14.6

391

12.0

0.001

COPD

702 (9.3)

397

9.2

305

9.3

0.87

Opioid consumption

103 (1.4)

90

2.1

13

0.4

<0.001

Chronic liver disease

366 (4.8)

279

6.5

87

2.7

<0.001

1242 (16.4)

812

18.8

430

13.2

<0.001

470 (6.2)

308

7.1

162

5.0

<0.001

Streptococcus

1030 (13.6)

728

16.9

302

9.2

<0.001

Enterococcus

535 (7.1)

359

8.3

176

5.4

<0.001

Gram-negative bacteria

898 (11.9)

453

10.5

445

13.6

<0.001

Anaerobes

20 (0.3)

16

0.4

4

0.1

0.004

Fungi

10 (0.1)

6

0.1

4

0.1

0.99

N

Length of hospital stay, days - median
(interquartile range)
Medical history, n (%)

Congenital heart disease

Infectious agents, n (%)
Staphylococcus
Staphylococcus aureus
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Brucella

9 (0.1)

8

0.2

1

0.0

0.09

Heart failure

2232 (29.5)

1159

26.9

1073

32.9

<0.001

Sepsis

968 (12.7)

586

13.6

382

11.7

<0.01

Ischemic stroke

706 (9.3)

403

9.4

303

9.3

0.94

37(0.5)

16

0.4

21

0.6

0.19

Hemorrhagic stroke

204 (2.7)

134

3.1

70

2.1

0.01

Systemic embolism

97 (1.3)

60

1.4

37

1.1

0.35

73 (1)

46

1.1

27

0.8

0.34

91 (1.2)

60

1.4

31

0.9

0.09

Acute renal failure

819 (10.8)

523

12.1

296

9.1

<0.001

Acute myocardial infarction

220 (2.9)

124

2.9

96

2.9

0.89

Cardiac surgery, n (%)

937 (12.4)

705

16.4

232

7.1

<0.001

In-hospital death, n (%)

1513 (20)

874

20.3

639

19.6

0.45

In-hospital complications/outcomes, n (%)

Transient ischemic attack

Splenic abscess
Central nervous system abscess/meningitis

IE: infective endocarditis; CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; CRF: chronic renal failure; HIV: human
immunodeficiency virus; PCI: percutaneous coronary intervention.

an unpaired Student’s t-test for normally distributed data
or a Mann-Whitney test, and the comparison between
categorical variables used the chi-squared test or a Fisher’s
exact test. The mentioned analysis was stratified by gender.
Normality was verified through the Kolmogorov-Smirnov
test and analysis of kurtosis and skewness values.
To assess the factors associated with in-hospital
surgical intervention and in-hospital mortality, inferential
analysis was performed using multiple logistic regression
(a generalized linear model using binomial distribution
for the error and the logit link function). The stepwise
(forward) method, based on Akaike information criteria
minimization, was used for the selection of variables
included in the model. The adjusted odds ratio, as well
as the 95% confidence interval (95% CI), were estimated
for each variable included in the regression model.
All tests were 2-tailed. The level of significance was
set to α=0.05.
Data were analyzed using IBM SPSS Statistics for
Windows version 24 (IBM Corp., Armonk, NY, USA).

Results
Main clinical features of the overall cohort
During the study period, 3266 (43.1%) women and
4308 (56.9%) men were hospitalized with IE — see Table 1.

The length of hospital stay was superior in men. Women
were on average older than men and presented higher
prevalence of arterial hypertension (39.8% vs 35.5%)
and atrial fibrillation (29.5% vs 21.2%). In contrast, men
presented higher rates of non-rheumatic valve disease,
coronary artery disease, HIV, and chronic liver disease.
Staphylococcus and specifically Staphylococcus aureus
were the most prevalent. Streptococcus and Enterococcus
were more commonly identified in men; Gram-negative
agents were more frequent in women. Regarding valve
disease, left heart valve involvement was more frequent
in men.
In-hospital complications were similar between the
two groups except for heart failure, which was more
common in women, and hemorrhagic stroke, acute renal
failure, and sepsis, which were more prevalent in men.
Men underwent surgery more often. Finally, the inhospital fatal outcome was analogous between men and
women. A bivariate analysis of exclusively medically
managed patients revealed that women proportionally
had a lower in-hospital mortality (19.4% vs 21.6%,
p=0.026).
Table 2 shows a stepwise logistic regression approach
to assess the in-hospital surgical management of patients
hospitalized with IE. Women were less likely to undergo
cardiac surgery during hospitalization (OR 0.48 – 95% CI
0.40–0.57, p<0.001).
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In-hospital surgical cohort
In total, 232 (24.7%) women and 705 (75.3%)
men underwent cardiac surgery during the index
hospitalization for IE — Supplement Table S2.
Both groups were quite similar regarding comorbid
conditions. A higher rate of atrial fibrillation was noted
in women and a higher rate of malignancy , in men.
Aortic valve and right heart valve disease were more
prevalent in men. Regarding in-hospital complications,
a higher rate of ischemic stroke was noted in men.
Overall, postoperative mortality was significantly higher
in women.

Postoperative mortality
Independent predictors of postoperative mortality are
shown on Table 3. Female gender was an independent
predictor of fatal outcome (OR 1.8, 95% CI 1.20–2.84,
p=0.002). Other independent prognostic factors of inhospital mortality in patients with IE subjected to surgery
were previous coronary intervention, chronic kidney or
liver disease, Staphylococcus or Streptococcus infection,
acute renal failure, and sepsis. Younger patients were
less likely to have a fatal outcome.

Discussion
In a contemporary populational cohort of patients
hospitalized with IE in Portugal and after controlling
for several risk factors, important differences were noted
between women and men. Men were more prevalent,
being younger and with a higher rate of comorbidities.
On the other hand, women were less likely to undergo
cardiac surgery during the incident hospitalization for
IE, with a higher post-operative mortality rate. Even so,
overall in-hospital mortality was comparable among
men and women.
Our data showed a 1.3 man/woman ratio, which is
in accordance with a higher prevalence of IE in men in
populational studies.12–14 The reasons for this remain
speculative, but factors such as a higher valve disease
prevalence in men and different hormone profiles have
been previously mentioned.19 Women were older but
men presented a higher burden of comorbid conditions
such as coronary artery disease, cardiac valve disease,
liver failure, or malignancy. Infectious agents such as
Staphylococcus, Streptococcus, or Enterococcus were more
common in men whereas women presented a higher
rate of Gram-negative agents. In-hospital complications
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were analogous, with women presenting a higher rate of
acute heart failure while men had a higher rate of acute
renal failure and sepsis. All these aspects were noted in
previous gender-based studies.18,21,23
The male/female ratio increased to 3.0 in the surgical
subgroup. Indeed, women were less likely to undergo
cardiac surgery, which is a common finding with
other studies.18,19,21,23,26 Nonetheless, general indications
for performing cardiac surgery in the context of IE27
include acute heart failure, uncontrolled infection, and
embolism. In this cohort, the profile of in-hospitalrelated complications was comparable between men and
women, the latter group presenting a higher incidence
of heart failure; this fails to explain the gender disparity
in the access to surgical treatment among patients with
IE. Additionally, men presented a higher incidence
of hemorrhagic stroke, which normally delays and
sometimes excludes cardiac interventions. Physician
awareness28 and other comorbidities not taken into
account in this study such as frailty score,29 dementia,30
or neurologic sequelae could also have contributed
individually to the decision to perform cardiac surgery
and should be considered. Age, female gender, and
endocarditis are variables included in cardiac surgery
risk stratification scores such as EUROSCORE31 or the
STS32 and the fact that women were older could have
precluded cardiac surgery.
Additionally, women who underwent surgery in our
study had a higher rate of fatal outcome when compared
to men and constituted an independent risk factor for
postoperative mortality. Demographics, comorbidities,
infectious agents, and in-hospital-related complications
in this surgical cohort were similar between men and
women. This real-world data validates the increased
surgical risk in women with IE, which is already
considered in the above-mentioned risk scores. The
higher surgical susceptibility of women was also found
by Curlier et al.23 and in a recent meta-analysis by Varela
et al.33 Weber et al.22 concluded that a higher postoperative
mortality rate in women was due to the presence of more
comorbidities and perioperative risk factors, which was
apparently not the case in the current study. This higher
mortality after surgery in the female sex was also noted
in other fields of cardiac surgery, such as after coronary
artery bypass graft surgery.34 Older age, a lower body
surface area,35 a higher incidence of heart failure, and
referral bias21 could also partially justify this higher
surgical susceptibility.
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Table 2 – Logistic regression analysis of in the characteristics of patients who underwent cardiac surgery due to IE
Adjusted OR

95% CI

p

Gender (female)

0.481

0.403

0.573

<0.001

Age

0.969

0.965

0.974

<0.001

Non-rheumatic cardiac valve disease

3.040

2.242

4.121

<0.001

Arterial hypertension

1.596

1.351

1.885

<0.001

HIV

0.298

0.144

0.616

0.001

Cancer

0.679

0.522

0.884

0.004

Cardiac valve prostheses

1.524

1.220

1.905

<0.001

Cardiac devices

0.576

0.412

0.806

0.001

Chronic liver disease

0.389

0.254

0.595

<0.001

Mitral valve disease

2.032

1.547

2.670

<0.001

Aortic and mitral disease

5.425

4.161

7.071

<0.001

Aortic valve disease

2.181

1.637

2.905

<0.001

Staphylococcus

1.345

1.102

1.642

0.004

Streptococcus

1.825

1.466

2.273

<0.001

Enterococcus

1.544

1.164

2.047

0.003

Heart failure

1.684

1.423

1.994

<0.001

Hemorrhagic stroke

0.438

0.257

0.747

0.002

Systemic embolism

2.830

1.700

4.713

<0.001

Splenic abscess

2.039

1.145

3.632

0.016

Acute renal failure

1.508

1.210

1.879

<0.001

IE: infective endocarditis; CI: confidence interval; COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus; OR: odds ratio.
Dependent variable: surgical management. Reference categories: male (gender); no (for remaining factors). Age was included as a numeric variable (covariate).

Finally, regarding in-hospital mortality, no significant
differences were noted between men and women. This is
similar to findings from Curlier et al.23 It would be critical
to analyze the causes of death in these patients. Actually,
a recent study based on national death certificate data in
Portugal36 concluded that, in a cohort whose basic cause of
death was IE, women presented a 19% higher death rate
than men. Conversely, Thuny et al.37 concluded that a high
burden of comorbidities and aortic valve involvement may
explain an increased death rate among women.
In our study, women differed from men in significant
aspects of clinical presentation and treatment options.
They were older and less likely to undergo cardiac
surgery when hospitalized with IE, despite presenting
less comorbid conditions and a comparable complication
rate. Higher postoperative mortality, but not overall

in-hospital mortality, was observed. Further research
is needed to understand reasons that can explain
individualized management strategies and the impact
of surgery on survival in women hospitalized with IE.
Our study has several limitations. First, ICD-9 and
ICD-10 codes were used to identify individual cases of IE
and clinical variables on an administrative database. The
authors were unable to consult the patient’s electronic
database to confirm the diagnosis and to identify other
important variables. Therefore, diagnosis or coding
errors could have occurred. Second, the authors were
unable to trace patients beyond the index hospitalization
and cardiac surgery could have been performed after
discharge. This could lead to an underestimation of the
number of cardiac surgeries performed in this cohort.
Therefore, only in-hospital surgical management during
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Table 3 – Logistic regression analysis of in-hospital mortality in patients who underwent cardiac surgery
Adjusted OR

95% CI

p

Gender (female)

1.839

1.188

2.845

0.006

Age

1.062

1.043

1.082

<0.001

Chronic renal failure

2.694

1.475

4.920

0.001

Previous ICP

4.026

1.293

12.533

0.016

Previous CABG

8.661

2.493

30.094

0.001

Chronic liver disease

3.976

1.533

10.314

0.005

Staphylococcus

1.637

1.032

2.599

0.036

Streptococcus

0.307

0.174

0.543

<0.001

Hemorrhagic stroke

3.780

0.954

14.972

0.058

Acute renal failure

1.979

1.240

3.156

0.004

Sepsis

4.568

2.795

7.467

<0.001

CI: Confidence interval; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft; OR: odds ratio.
Dependent variable: in-hospital death. For medical history conditions, infectious agents, in-hospital complications, and cardiac surgery, the reference
categories were “absence/no.” Age was included as a numeric variable (covariate).

the index hospitalization was assessed. Third, this is a
populational study; management strategies by individual
physicians and the patients’ personal treatment options
could thus eventually lead to a referral bias towards
cardiac surgery. Fourth, variables such as microbiological
subgroups, source of bacteremia (community vs
healthcare-related), presence of dementia, frailty score,
or a socioeconomic situation that could have further
explained our findings were not available for analysis.

Conclusions
In Portugal between 2010 and 2018, hospitalization
with IE occurred less frequently in women, who were
older and presented fewer comorbidities. A comparable
rate of in-hospital complications was observed, with
a higher prevalence of acute heart failure. Regarding
surgical treatment, women were less likely to undergo
cardiac surgery and female gender was an independent
predictor of postoperative mortality. Further research
is warranted to understand the reasons behind the
influence of gender on treatments and outcomes
of this disease. The individualized management of
IE is frequently challenging, and the influence of
gender should be carefully considered together with
comorbidities and complications to improve the
outcome of these patients.
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Surgical Mortality in Infective Endocarditis: Is There a Gender Paradox?
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Editorial referring to the article: Gender Based Analysis of a Population Series of Patients Hospitalized with Infective Endocarditis in
Portugal – How do Women and Men Compare?

Cardiovascular diseases (CVD) represent a global
pandemic. Although mortality due to CVD has been
decreasing with improvement in diagnosis and
treatment, it remains the most frequent cause of death
worldwide both in men and women.1
Gender impacts several key aspects in CVD, such as
epidemiology, pathophysiology, clinical manifestations,
disease progression, response to treatment and prognosis,
in areas like coronary artery disease and heart failure.2
However, few studies analyzed the influence of gender in
infectious endocarditis (IE) management and outcomes.3,4
IE is a relatively rare condition associated with dismal
prognosis and an estimated mortality rate of 25%.5 In
recent years, there has been an epidemiological shift,
affecting patients progressively older, with cardiac
valvular prosthesis and devices, and in association with
invasive procedures. Nevertheless, gender impact in IE
is still at debate, with scarce information to elucidate its
role in the disease.6
In the current issue of the International Journal of
Cardiovascular Sciences, Catarina Sousa et al.7 reviewed
the impact of gender on a Portuguese National Health
System (NHS) cohort of hospitalized patients with
IE, characterizing their clinical profile, therapeutic
strategies, and outcomes. They collected discharge
data on ICD-9 and ICD-10 codes for IE from the
administrative NHS database between 2010-2018,
and performed a comparative analysis based on
gender for several variables of interest, including age,
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cardiovascular history and comorbidities, infectious
agents, IE complications, cardiac surgery in index
hospitalization and post-operative and overall
in‑hospital death.
This nationwide cross-sectional study identified
7574 patients admitted for IE. There was a higher
prevalence in men (56.9%), who were younger
and had a higher rate of comorbidities than
women, except for art erial hy pert ensi o n a n d
atrial fibrillation. Notably, additional important
d i f f e r e n c e s we r e n o t e d b e t we e n w o m e n a n d
men, especially concerning treatment strategies.
Despite the lower prevalence of comorbidities and
more frequent presentation with acute heart failure,
women were less likely to undergo cardiac surgery
during the incident hospitalization for IE and had
a higher postoperative mortality rate, independent
of other prognostic factors such as sepsis or acute
renal failure. Even so, overall in-hospital mortality
was comparable among men and women.
Although limited by the lack of important data as the
frailty score, surgical risk scores, and time to surgery,
this report provided additional information about
an apparent paradox of higher surgical mortality in
women, already described in other cardiac surgeries.8
In this cohort women were older, and these tend to
be frailer than men. This is generally captured by
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surgical risks scores, which weren´t considered in the
logistic regression analysis. An additional explanation
for this intriguing question may be related to the
fact that in this IE cohort males more frequently had
more aggressive microbiological agents, with greater
potential for severe valvular damage, favoring more
frequent surgical strategy. Additionally, time to
surgery can have impacted results once there are
reports that early valve surgery is associated with

an increased risk of death in women in the early
postoperative period.9
The observed higher postoperative mortality in women,
apparently not justified by higher burden of comorbidities
as it was argued in other series,10 should prompt additional
investigation to clarify these differences. Moreover,
it highlights the importance of finding better tolls for
surgical risk evaluation and specific post-operative care
after cardiac surgery according to gender.
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Accuracy of the Simplified Version of the Global Risk Score in Detecting Cardiovascular
Risk in Women from Quilombola Communities in the State of Alagoas, Brazil
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Abstract
Background: Cardiovascular risk (CVR) monitoring is important for defining preventive actions against
cardiovascular disease; this condition prevails more intensely in scenarios with less infrastructure such as African
descent communities. The Framingham Risk Score (FRS) and the Global Risk Score (GRS) have been used in Brazil
for CVR monitoring based on scales of points for certain risk factors. Among these, hypercholesterolemia and low
high-density lipoprotein cholesterol require tests not always available in primary care. An alternative would be the
simplified GRS (sGRS), in which these tests are replaced by the body mass index (kg/m2).
Objective: To determine the accuracy of the sGRS in estimating CVR in African descent women (quilombolas)
from Alagoas.
Methods: This is a cross-sectional study with a representative sample (n=1015) of women from African descent
communities in Alagoas. GRS, sGRS, and FRS consisted in the sum of points obtained according to their respective
scales. Receiver operating characteristic curves were used to compare the accuracy of these instruments as CVR
predictors, assuming the GRS as reference. Statistical significance was assumed when p<0.05.
Results: The prevalence of high CVR assessed with the GRS or sGRS was similar (20.1% vs. 20.7%; p>0.05) and
higher than that found with the FRS (4.5%; p<0.001). Considering the area under the curve (AUC), the sGRS had a
higher discriminatory power (AUC=0.98; 95%CI: 0.98–0.99) than the FRS (AUC=0.91; 95%CI: 0.90–0.93).
Conclusion: Among black women living in regions with less infrastructure, the sGRS produced similar results to
the GRS, with greater operational simplicity.
Keywords: Cardiovascular Diseases; Risk Factors; Epidemiology; African Continental Ancestry Group.

Introduction
Cardiovascular diseases (CVD) are currently the
leading cause of death in Brazil and worldwide,
justifying the implementation of prevention measures
against this public health problem. In this sense,
cardiovascular risk (CVR) monitoring allows the
establishment of priorities among activities that focus on
the CVD problem, assisting in the definition of practices
and prognostic analyses. Several algorithms and scores
are used to assess CVR, but none have been validated for
the Brazilian population, even less so for the country’s
black population.1,2 Therefore, there is no consensus on

which procedure would be the most appropriate for
this purpose.
The Brazilian Ministry of Health has recommended
the Framingham Risk Score (FRS), which is intended to
estimate CVR for the most severe forms of coronary artery
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disease (CAD). The Brazilian Society of Cardiology has
recommended the Global Risk Score (GRS) to verify the
10-year risk of developing any atherosclerotic disease
events.2
Both the FRS and GRS calculations require total
cholesterol (TC) and high-density lipoprotein (HDL) data
from patients, which are not always available in lowinfrastructure settings. However, a simplified version of
the GRS replaces these biochemical data with the body
mass index (BMI). The simplified GRS (sGRS), by using
measures that are easier to obtain, could thus be a better
alternative for use in basic health units.3
All these instruments (FRS, GRS, and sGRS) derive
from the Framingham Heart Study and are based on
the synergism between risk factors for CVD. Therefore,
their use is intended to estimate the risk of developing
cardiovascular events.3,4
CVD affects individuals from lower-income
populations more severely since they are more exposed
to the different risk factors. In Brazil, the black population
and particularly the quilombola population, due to
institutional racism, remains historically at lower
socioeconomic levels; this situation increases risks
associated with CVD.5
Given the absence of studies on the accuracy of CVR
indicators for the Brazilian population, especially for
the black population, this study aimed to investigate the
accuracy of the FRS and sGRS, using the GRS as reference.
Additionally, we described the prevalence of risk factors
for CVD in quilombola women from Alagoas.

Methods
This work is part of the project entitled II Diagnóstico
de saúde e Segurança Alimentar e Nutricional das
famílias das comunidades remanescentes dos quilombos
do estado de Alagoas, approved by the Research Ethics
Committee of Universidade Federal de Alagoas (CAAE
No. 33527214.0.0000.5013).
This is a cross-sectional study; data collection
was performed from April 2017 to January 2018. The
prevalence of high CVR in quilombola communities was
considered as the variable of interest to estimate sample
size. Since no previous studies had been conducted
in Alagoas, the 6% prevalence found in the state of
Maranhão was used.6 In 2015, around 6465 families were
living in quilombola communities in Alagoas. Assuming
that each family had one female member, 6465 women
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were the universe of interest of this research.7 Using
the StatCalc tool of Epi Info® 7.2.1.0 and admitting a
sampling error of 1.5% for a 95% confidence interval (CI),
861 women would be required for this study. In order to
compensate for possible sample losses, this number was
increased by 10%, totaling 948 women.
In order to achieve this sample number, we randomly
chose 34 out of the 68 existing quilombola communities.
Women aged between 19 and 59 years from all households
in the selected communities were eligible for the study.
When there were 2 or more women in the same household,
the participating woman was randomly defined.
Exclusion criteria were being pregnant or in puerperium,
having ingested alcoholic beverages in the last 24 hours,
and presenting evident anatomical alterations.
Data collection was performed by interviewers who
were properly trained for executing their activities, which
occurred under constant supervision. The pilot study
used to standardize procedures and test instruments took
place before the fieldwork began and was conducted in
a community that was not selected for the main study.
Data were collected through interviews using
structured forms during home visits. Blood pressure
and anthropometric measurements were also obtained.
Subsequently, the women were referred to a previously
defined place in the community for biochemical tests.
The following variables were obtained for the
socioeconomic and demographic characterization of our
sample: self-reported skin color (black/brown; other); age
group (19 to 39.9; 40 to 49.9; ≥ 50 years); education (< 4; ≥ 4
years of study); marital status (single; stable relationship;
widowed/separated); occupation (not working; farming;
other); social class8 (B+C; D+E; there were no families in
class A); participation in the Bolsa Família Program (yes;
no); and classification according to the Brazilian Food
Insecurity Scale (EBIA), which classifies families as being
in situations of mild, moderate, or severe food insecurity.9
Regarding health and lifestyle variables, the following
conditions were defined: optimal blood pressure (BP),
normal BP, prehypertension, and hypertension stages
I, II, and III; normoglycemia, pre-diabetes mellitus, and
diabetes mellitus (DM); smoking; low body weight,
eutrophic, overweight, and obesity grades I, II, and III.
Optimal BP was defined by systolic blood pressure
(SBP) < 120 mmHg and diastolic blood pressure (DBP)
< 80 mmHg; normal BP was considered as: SBP 120–129
mmHg and DBP 80–84 mmHg; prehypertension: SBP
130–139 mmHg and/or DBP 85–89 mmHg; systemic
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arterial hypertension (SAH) : SBP ≥ 140 mmHg and/or
DBP ≥ 90 mmHg or when the use of antihypertensive
medications was reported; stage I SAH: SBP 140–159
mmHg and/or DBP 90–99 mmHg; stage II SAH: SBP
160–179 mmHg and DBP 100–109 mmHg; stage III SAH:
SBP ≥ 180 mmHg and DBP ≥ 110 mmHg.1 SBP and DBP
measurements were performed in duplicates, according
to the Brazilian Guidelines of Hypertension. 1 An
Omron® Hem-7200 portable equipment was used, being
periodically calibrated according to the manufacturer’s
recommendations. If differences greater than 20 mmHg
were observed between the 2 measurements, a third
measurement was performed and the most discrepant
result was disregarded. The mean of the 2 valid
measurements was used in the analysis.
Prediabetes and DM were defined by glycated
hemoglobin (HbA1c) levels between 5.7% and 6.4%
and ≥ 6.5%, in that order. 10 Hypercholesterolemia,
hypertriglyceridemia, and low high-density lipoprotein
cholesterol (HDL-c) were determined by the following
conditions (mg/dL): low-density lipoprotein (LDL)
≥ 160, triglycerides ≥ 175, and HDL < 50, respectively.11
Dyslipidemia was designated when at least one of these
lipid profile alterations was found.
In addition to the biochemical reference values, the
use of hypoglycemic drugs or medications to control
lipid alterations was also a criterion for defining these
conditions.
TC, HDL, and HbA1c measurements were performed
using a drop of blood obtained by puncturing the digital
pulp, regardless of fasting.12 These determinations were
performed using an Alere Cholestech LDX® System and,
in the case of HbA1C, an Alere NycoCard Reader II®,
with their respective analysis cassettes.

The GRS was used as reference for evaluating the
accuracy of FRS and sGRS in predicting CVR. The
GRS is determined by attributing points to age, waist
circumference, HDL, systolic blood pressure, smoking,
and DM variables, as shown in the table presented in the
original publication.3 The CVR was classified as follows:
≤ 8 points (low risk); 9 to 12 points (intermediate risk);
and ≥ 13 points (high risk).2
The FRS was proposed in 2001 aiming to identify
individuals at high risk for atherogenesis and those who
were more likely to develop severe forms of CAD when
the atherosclerosis process was already established.15,16
Variables constituting the FRS are age, TC, HDL,
smoking, SBP, and use of antihypertensive medication;
our scores were established as presented in the original
publication.4 The FRS was classified as follows: ≤ 19 points
(low risk); 20 to 22 points (intermediate risk); and ≥ 23
points (high risk).17 This classification was proposed by
the Brazilian Ministry of Health and favors specificity
over sensitivity. In order to avoid this problem, in this
study the sum of "intermediate risk" and "high risk"
conditions was regarded as high CVR.
As mentioned previously, the sGRS is a simplification
in which the procedures of the original GRS were
maintained, but TC and HDL data were replaced by
the BMI.3

Statistical analysis
Data entry was performed by independent double
entry on forms generated by Epi Info® 7.2.1.0. Databases
were compared to identify and correct typing errors.

Smoking was identified as the consumption of tobacco
products in the last 3 months and assessed through the
Alcohol, Smoking, and Substance Involvement Screening
Test (ASSIST), validated for the Brazilian population.13

A descriptive analysis was performed on the
prevalence of high CVR according to the 3 protocols (GRS,
sGRS, and FRS), demographic aspects, socioeconomic
status, and health conditions. The measure of association
was the prevalence ratio (PR) and its respective 95%
CIs, calculated by the Poisson regression with robust
variance adjustment.

Nutritional status classifications were based on the
BMI according to the following categories14: underweight
(< 18.5 kg/m²); eutrophic (18.5–24.9 kg/m²); overweight
(25–29.9 kg/m²); obesity grade I (30–34.9 kg/m²); obesity
grade II (35–39.9 kg/m²); and obesity grade III (≥ 40
kg/m²). The weight and height of the participant were
measured for calculating the BMI. Body mass was
obtained using a digital scale (model 813, Seca®) with
a 200 kg capacity. A portable stadiometer (model 213,
Seca®) was used to measure the participants’ height.

The receiver operating characteristic (ROC) curve
was used to evaluate the accuracy of sGRS and FRS as
predictors of CVR using the GRS as reference. Areas
under the curve (AUCs) were calculated for each of the
evaluated scores using the DeLong test. The Youden
index (J) was calculated using the formula J = (sensitivity
+ specificity) – 1 to define the best cut-off points (CPs),
which considered the highest value of J. Subsequently,
sensitivity and specificity were compared according to
the best CPs or the originally proposed ones.
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Statistical analyses were performed using Stata® 12.0
and, in all situations, statistical significance was assumed
when p < 0.05.

Results
Our sample consisted of 1015 women. Most of them
had black or brown skin, 4 or more years of study,
a stable marital relationship, belonged to the lowest
economic class, were in a situation of food insecurity,
and were contemplated by the Bolsa Família Program.
Other sociodemographic characteristics are presented
in Table 1.
Table 1 also shows the prevalence of cardiovascular
risk factors. A total of 22.6% women had hypertension,
25.1% had DM, and 66.8% were overweight (30.3%
were obese). The most prevalent lipid alteration was
low HDL, followed by hypertriglyceridemia and
hypercholesterolemia.
The prevalence of high CVR according to the GRS was
20.1%, which was similar to what was found with the sGRS
(20.7%) and much higher than the number observed when
using the FRS (4.5%), even when this latter classification
grouped “intermediate risk” cases together with the "high
risk" category.
We observed a strong association between high CVR
and risk factor categories (Table 2). The prevalence of
this outcome showed increments ranging from 7.5 to
13.1 times in women presenting SAH stages I to III,
respectively. Women with DM had a CVR almost 6
times higher than that of women without this metabolic
alteration. Women with stage III obesity had an
approximately 3 times higher CVR when compared with
eutrophic women. Similar associations also occurred
for hypercholesterolemia, hypertriglyceridemia, low
HDL, and smoking. Women aged 40 to 49.9 years and
those aged 50 or older had frequencies of the outcome
of interest that were around 10 and 30 times higher,
respectively, than that found in those under 40 years old.
As shown in Figure 1, scales resulting from the FRS
and sGRS showed excellent performance in predicting
cardiovascular risk (AUC > 0.9; p < 0.001). However,
the sGRS showed a higher discriminatory power than
the FRS.
Table 3 shows the best CPs found in this study, with
a higher accuracy than that obtained with the originally
proposed CPs, particularly for the FRS. The CP of 20,
which defines intermediate- and high-risk conditions,

Cardiovascular risk in Quilombola women

presented a sensitivity of only 18.6%, with a very high
specificity (99.0%). Using the CP of 9, established by the
highest J index, sensitivity and specificity reached 98.0%
and 69.0%, respectively. The prevalence of high CVR,
with this change in CP, increased from 4.5% to 44.4%.
Regarding the sGRS, when the CP for high CVR (CP
≥ 13.0) was changed to the one with the best performance
(CP ≥ 11.0), sensitivity increased from 87.2% to 97.6%,
although with a decrease in specificity (from 96.0% to
88.5%). When considering the best CP, the prevalence of
high CVR increased from 20.7% to 28.8%.

Discussion
CVDs are currently the leading cause of mortality.
Therefore, identifying individuals at higher risk is a
critical task in public health to enable the adoption of
preventive measures. It is important to have accurate
and easy-to-operate tools to perform this identification.
The results presented herein showed that the sGRS can
be used instead of the GRS without any disadvantage.
The latter is considered a more complete index because
it includes biochemical data that indicate dyslipidemia,
which are replaced by the BMI in the sGRS. The
performance of the FRS compared to the GRS, although
also satisfactory, was worse than that of the sGRS.
When the proposed CPs are used to discriminate
patients at high CVR with the FRS, sensitivity is very
low (despite a high specificity), which results in a
high number of false negatives; this condition is not
appropriate for screening CVR for elaborating preventive
actions. In this perspective, the GRS should be used and,
in the absence of lipid profile data, the sGRS.
Data routinely obtained in basic health units are used
in the sGRS, thus this index can be widely applied even in
contexts of poor infrastructure.3 Among the information
required for the sGRS, only the definition of DM is
ideally performed by laboratory tests, which could be
an obstacle. However, most Brazilian municipalities
have implemented the Blood Glucose Self-Monitoring
Program, which provides users with glucose testing
supplies.18 Moreover, the identification of diabetes can
be done by self-reporting or when the patient reports the
use of hypoglycemic agents.19
The women followed in this study belonged to
quilombola communities, which comprise a social group
that is specially subjected to social inequities and survive
in a scenario marked by a low socioeconomic status,
poor environmental conditions, and a high prevalence
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Table 1 – Characterization of demographic, socioeconomic, and health conditions of women from remaining quilombola
communities in the state of Alagoas, 2018.
Characteristics
Self-reported skin color

Sample a

n (%)

1013

-

Black + brown

922 (91.0)

Others

91 (9.0)

Education (years)

1011

-

<4

369 (36.5)

≥4

642 (63.5)

Marital status

1015

-

Single

129 (12.7)

Stable relationship

799 (78.7)

Others (widowed, divorced)
Social class

87 (8.6)
1015

b

-

B+C

59 (5.8)

D+E

956 (94.2)

Food security c

1001

-

Food security

260 (26.0)

Mild insecurity

324 (32.4)

Moderate insecurity

241 (24.1)

Severe insecurity

176 (17.6)

Food insecurity (all types)

741 (74.0)

Contemplated by the Bolsa Família program

1007

741 (73.6)

Main occupation

1007

-

Does not work

445 (44.2)

Family farming

335 (33.3)

Others **

227 (22.5)

Systemic arterial hypertension
Diabetes mellitus

1015

d

229 (22.6)
254 (25.1)

e

Excess weight (overweight + obesity; BMI ≥ 25 kg/m2)

678 (66.8)

Hypercholesterolemia (LDL ≥ 160 mg/dL) f

102 (10.0)

Hypertriglyceridemia (triglycerides ≥ 175 mg/dL) f
Low HDL (HDL < 50 mg/dL)

1014

299 (29.5)
739 (72.8)

f

CVR classification according to the Global Risk Score (GRS)

g

1015

-

Low

646 (63.6)

Intermediate

165 (16.3)

High
CVR classification according to the simplified GRS
Low

204 (20.1)
h

1015

652 (64.2)
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Intermediate

153 (15.1)

High
CVR classification according to the Framingham Score

210 (20.7)
i

1015

Low

969 (95.5)

Intermediate

42 (4.1)

High

4 (0.4)

Intermediate + High

46 (4.5)

Sample size < 1.015 due to missing information for the respective variable.
Brazilian economic classification criteria.8
c
Brazilian Food Insecurity Scale.9
d
Defined by systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or use of antihypertensive medication.1
e
Glycated hemoglobin (HbA1c) ≥ 6.5%.10
BMI: body mass index.14
LDL: low-density lipoprotein.
HDL: high-density lipoprotein.
CVR: cardiovascular risk.
f
Faludi et al. 2017.11
** Formal worker, public servant, independent worker, self-employed, retired/pensioner, student, and fisherman-gatherer .
g
Précoma and Oliveira (2019).2
h
D'Agostino et al. (2008).3
i
Ministry of Health (2013).17
a

b

of food insecurity and morbidities related to this context.
These characteristics are not exclusive to the quilombola
women of Alagoas (who our sample plan attempts to
represent), being extended to the entire Afrodescendant
Brazilian population.20,21
Some studies have shown a differential distribution
of aggravations when comparing individuals from
the quilombola population with those not from this
population. Silva et al.21 investigated the prevalence
of food insecurity in 21 rural communities located
in the northeast region of Brazil, 9 of which were
quilombolas. A prevalence of 64.9% was observed among
quilombolas and a prevalence of 42% was found in the
other communities, demonstrating the greater social
vulnerability of this population.
Using representative samples of quilombola
(n = 1631) and non-quilombola (n = 1098) women
from the state of Alagoas, Ferreira et al.22 found that
among quilombola women, overweight (50.1% vs
44.2%), body fat percentages > 33% (37.1% vs 23.3%),
abdominal obesity (53.5% vs 34.3%), and hypertension
(34.9% vs 11.4%) predominated in higher proportions.
They concluded that quilombola women had a lower
socioeconomic level and were more exposed to
risk factors, which makes them more susceptible to
morbidity and mortality from CVDs and justifies a
prioritized attention by public policies.

Due to precarious living conditions, this population
would have difficulties in adopting a healthy lifestyle.
Regarding their diet, the consumption of ultra-processed
foods, which are rich in sodium and poor in nutrients,
may be one of the causes of a high prevalence of
hypertension.23 In our study, most women with high
CVR had SAH.
Corroborating the results of previous studies, in this
study we observed a high prevalence of high CVR in
smokers and obese individuals, which are conditions
that are potentially reversible by a timely approach in
primary care.17,24
In addition to the risk factors traditionally involved in
CVD pathogenesis, it is well known that the racial-ethnic
segment investigated by this study faces institutional and
personal racism, which constitutes a traumatic event that
causes low self-esteem and stress that in turn affect the
cardiovascular and hemodynamic conditions and may
increase exposure to unhealthy behaviors.25-28 Incidentally,
a previous study with this population showed a high
prevalence (65.3%) of common mental disorders.29 In the
non-quilombola population of Alagoas, this prevalence
was 47.9%.30
In Brazil, the "Reorganization Care Plan for
Hypertension and Diabetes Mellitus," implemented in
2001, targeted prevention and treatment at the primary
health care level. Nevertheless, the identification of CVR
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Table 2 – Prevalence of high cardiovascular risk (CVR) according to the Global Risk Score, based on risk factors for
cardiovascular diseases in women (n = 1015) from remaining quilombola communities in the state of Alagoas (2018)
Variable

n (%)

High CVR (%)

PR (CI 95%)

Optimal BP (n = 410; 40.4%) + normal BP (n = 234; 23.0%)

644 (63.4)

6.5

1

Prehypertension (SBP 130–139 and/or DBP 85–89)

142 (14.0)

21.8

3.3 (2.2–5.1)

Stage I (SBP 140–159 and/or DBP 90–99)

157 (15.5)

49.0

7.5 (5.4–10.5)

Stage II (SBP 160–179 and/or DBP 100–109)

51 (5.0)

70.6

10.8 (7.7–15.2)

Stage III (SBP ≥ 180 mmHg and/or DBP ≥ 110)

21 (2.1)

85.7

13.1 (9.4–18.5)

1015 (100.0)

20.1

–

Normoglycemia (< 5.7)

381 (37.6)

7.9

1

Pre-diabetes mellitus (5.7–6.4)

378 (37.3)

14.0

1.78 (1.2–2.7)

Diabetes mellitus (≥ 6.5)

254 (25.1)

46.8

5.95 (4.1–8.6)

1013 (100.0)

19.9

–

Low weight (n=20; 2.0%) + Eutrophic (n=317; 31.2%)

337 (33.2)

14.2

1

Overweight (25–29.9)

371 (36.5)

20.2

1.42 (1.1–2.0)

Obesity level I (30–34.9)

217 (21.4)

27.6

1.94 (1.4–2.7)

Obesity level II (35–39.9)

65 (6.4)

16.9

1.19 (0.6–2.2)

Obesity level III (≥ 40)

25 (2.5)

40.0

2.81 (1.62–4.8)

Dyslipidemias

798 (78.7)

22.7

2.13 (1.4–3.2)

Hypercholesterolemia (LDL ≥ 160 mg/dL)

102 (10.0)

44.1

2.53 (2.0–3.3)

Hypertriglyceridemia (triglycerides ≥ 175 mg/dL)

299 (29.5)

37.1

2.85 (2.2–3.6)

Low HDL (HDL < 50 mg/dL)

739 (72.8)

22.3

1.58 (1.1–2.2)

Smoking

225 (22.2)

45.3

3.51 (2.8–4.4)

19–39.9

577 (56.9)

2.2

1

40–49.9

251 (24.7)

27.1

10.02 (6.8–21.4)

≥ 50

187 (18.4)

65.8

29.19 (16.9–50.5)

Classification according to blood pressure (mmHg) A

Total
Classification according to glycated hemoglobin (HbA1c %) B

Total
Classification according to body mass index (kg/m )
2

C

Age group (years)

PR: prevalence ratio
A
Brazilian Guidelines of Arterial Hypertension.1 BP: blood pressure. SBP or DBP: systolic blood pressure or diastolic blood pressure.
B
Guidelines of the Brazilian Society of Diabetes 2017–2018.10
C
World Health Organization, 2000.14

was limited to the presence of risk factors and/or target
organ damage.31 Subsequently, it was recommended that
CVR assessment be carried out by means of multivariable
models, adopting risk identification tools based on the
Framingham study.17,32
Among the CVR identification methods evaluated in
this study, the FRS using the CP proposed by the Ministry

of Health (CP ≥ 20) showed low sensitivity (18.6%) but
99.9% specificity. As mentioned previously, this is not
a good performance for a screening instrument, since it
results in many false negatives. Based on the ROC curve,
we observed that a CP of 9.0 would result in the highest
accuracy. Using this new cutoff resulted in sensitivity
and specificity values closer to those observed with the
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Figure 1 – Areas under the receiver operating characteristic (ROC) curve (AUCs) regarding the ability to predict high cardiovascular
risk when using the simplified Global Risk Score (sGRS) or the Framingham Risk Score (FRS), with the Global Risk Score (GRS) as
reference. Study with women from remaining quilombola communities in the state of Alagoas, 2018.

Table 3 – Sensitivity (S), specificity (E), and prevalence of high cardiovascular risk (high CVR) obtained according to
different cut-off points (CPs) applied to the simplified Global Risk Score (sGRS) and the Framingham Risk Score, with the
Global Risk Score as reference. Study with women (n = 1015) from quilombola communities in the state of Alagoas, 2018
Score

sGRS

a

Framingham Score b

CP
Original CP a
Best CP

c

13.0
11.0

b

E
(%)

High CVR
n (%)

87.2

96.0

210 (20.7)

97.6

88.5

292 (28.8)

Original CP b

20.0

18.6

99.0

46 (4.5)

Best CP c

9.0 e f

98.0

69.0

451 (44.4)

D’Agostino et al. (2008).3;
Ministry of Health (2013).17
c
Based on the Youden index.
d
Rounded from 11.5 to 11.0 to contemplate only integer values, as in the original scale.
e
Consolidating the intermediate and high CVR categories to increase sensitivity.
f
Rounded from 8.5 to 9.0 to contemplate only integer values, as in the original scale.
a

d

S
(%)
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sGRS. This index, in turn, would have better accuracy
in identifying high CVR in the studied population if the
original CP (CP ≥ 13.0) were to be changed for the one
defined in this study (CP ≥ 11.0) because its sensitivity
would increase from 87.2% to 97.6%, although with a
reduction in specificity from 96.0% to 88.5%.
In addition, regarding the low sensitivity observed
when using the original cutoff point for the FRS (CP
≥ 20.0), it can be speculated that this is because this
protocol was based on a subgroup of atherosclerotic
diseases, requiring adjustment to assess CVR in a global
scale. This reinforces the relevance of using the sGRS in
primary health care. In line with our findings, a study
that compared the performance of the GRS and sGRS in
predicting CVR in a sample consisting of Black and White
Americans33 concluded that both indexes found similar
results. Therefore, the sGRS may be an alternative for
initial screenings aiming at appropriate cardiovascular
health care considering cost optimization.
Therefore, the efficient management of CVR depends
on the access to health services, qualified professional
care, and self-care.34 The quilombola communities face
political and operational difficulties, since the nearest
health services usually have inadequate infrastructure,
limited and fragmented care, and few human and
material resources. 35,36 Moreover, the adoption of
healthy lifestyle habits also depends on the professional
approach, which must consider the peculiarities of these
individuals, including their beliefs.34

Limitations of the study
Since this was a cross-sectional study, we worked with
prevalence and not incidence. It would be interesting
to obtain results from longitudinal studies, in which it
would be possible to obtain this parameter according to
whether or not the individuals presented high CVR at
the beginning of the study.
The representativeness of our results for the state of
Alagoas should be regarded with some caution, since
the sample calculation used the prevalence of high
CVR observed in another state. However, a calculation
performed a posteriori, considering our sample size
(n = 1015) and the observed prevalence (20.1%), indicated
a sampling error of 2.3% (0.8% higher than planned),
which is a widely accepted value in population-based
epidemiologic surveys.
Another limitation was the fact that we did not analyze
CVR in men. This occurred because this study was part

of a larger project whose operationalization involved
the displacement of researchers to places of difficult
access, which were distant from the state capital. Data
collection took place during business hours from Monday
to Friday, when most of the men in the community were
working and, therefore, away from home. Consequently,
our male sample was not only small, but also presented
many losses, rendering the analysis unfeasible. This
suggests the reproduction of this study considering male
individuals, since a differential CVR seems to be present
between genders.

Final considerations and conclusions
The prevention of CVD represents a public health
challenge, since the development of these diseases
involves the exposure to multiple risk factors, many
of them closely related to living conditions and habits
whose consequences arise in the long term. This is
especially worrisome in the population analyzed in
this study, considering the precarious conditions in
which they live.
This study will contribute to the identification of the
most adequate instrument for defining high CVR and
classifying the individuals most exposed to the synergism
between risk factors, favoring the implementation of
measures to reduce CVD morbidity and mortality.
According to the results presented by this study,
we conclude that the studied women presented a high
prevalence of cardiovascular risk factors and that, in
the absence of data on TC and HDL, the sGRS can be
used without prejudice as a tool for screening those
with high CVR.
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Cardiovascular risk (CVR) is a field of great relevance with
a growing number of studies throughout the country due
to the magnitude of cardiovascular diseases (CVD), which
have caused nearly 18 million deaths in 2016 and represent
31% of worldwide deaths.1-3 In Brazil, CVD also lead the
mortality and disability-adjusted life years (DALYs) rates,4.5
with negative effects on the quality of life of individuals,
family members, and societies.3.5 It is noteworthy that
CVD has an unequal effect on populations, with greater
morbidity and mortality among low-income and least
educated individuals.6 In this context, it is important to
identify the modifiable risk factors (RF) associated with
CVD, such as behavioral (tobacco, alcohol, unhealthy
diet, sedentarism) and metabolic RF (obesity, diabetes,
hypertension, dyslipidemia); given that the risk of death
from CVD attributable to metabolic RF is 74%, revealing
great potential for prevention.7,8
CVR scores are important because evidence has shown
that when RF are aggregated, they have synergistic effects
on the risk of major adverse cardiovascular events (MACE).1,9
As such, CVR scores identify high-priority individuals for
specific primary preventive interventions against MACE,
making them cost-effective measures that are useful in
primary care.1,9-11 Beyond the incentive for a healthy lifestyle,
individuals with higher CVR should be offered statin
prescriptions and be evaluated for hypertension treatment at
a lower threshold.12 A meta-analysis showed that statins can
prevent 23% (relative risk [RR] 0.77 95% confidence interval

[CI] 0.71–0.84) of MACE.13 However, for primary prevention
this benefit is positively correlated with CVR and non-highdensity lipoprotein (HDL) cholesterol values.13
The study conducted by Cavalcante et al.11 analyzed the
CVR of 1015 women from Quilombo settlements in the state
of Alagoas, Brazil, aged 19 to 59 years. Their work covers a
gap in knowledge by collecting data from poor communities
in the rural area of the Northeast region of Brazil, combining
interview data with anthropometric, blood pressure, and
laboratory measurements through a precise and appropriate
methodology. The results indicated that 73.6% of the women
were contemplated by the Bolsa Família Program, with
a high prevalence of RF: hypertension (22.3%), diabetes
(25.1%), and overweight and obesity (66.8%). The authors
highlight that these women live “in a scenario marked by a low
socioeconomic level, precarious environmental conditions, and a
high prevalence of food insecurity (74.0%); and of the morbidities
related to this context.”11
Using the 2008 Framingham Heart Study’s Global Risk
Score for CVD (GRS) proposed by D’Agostino et al.,14 they
found a 20.1% prevalence of high CVR; by using the GRS as
reference, the authors evaluated the accuracy of two other
CVR scores: the Hard Coronary Heart Disease Framingham
Risk Score,15 which found a prevalence of high CVR of 4.5%,
and the simplified Global Risk Score (sGRS), which found a
prevalence of 20.7%. In conclusion, the authors emphasize
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two aspects of their work: 1) the high CVR of these socially
vulnerable women living in Quilombos; and 2) the potential
of applying the sGRS in primary care settings due to its
higher discriminatory power, evaluated by the receiver
operating characteristic (ROC) curve (area under the curve
[AUC] = 0.98; 95%CI: 0.98–0.99), and its simplicity, as it uses
the body mass index instead of total and HDL cholesterol.11
Regarding the first aspect, a recent study by Malta
et al. (2021)1 used laboratory data of 8953 individuals
aged > 18 years from the National Health Survey (NHS)
containing glycated hemoglobin, cholesterol, and blood
pressure measurements. By applying the GRS, the
study identified high CVR in 8.7% of women aged 30 to
74 years. The prevalence of high CVR increased with
age and reflected social inequality, as it was higher in
the least educated population (15.7%; 95% CI 13.5–18.3)
and among Black women (14.4%; 95% CI 9.7–20.9).1
As such, this study revealed a higher prevalence of
high CV R than that reported by Cavalcante et al.,11
probably because younger women were included in the
latter.11 In this context, we need to recognize that high
CVR was found in women aged 19 to 59 years (56%
< 40 years), since the strongest predictor of CVR in any
risk equation is age. In fact, Cavalcante et al.11 found
that, when stratified by age, the prevalence of high CVR
was 10 times higher among women aged 40–49.9 years
and 30 times higher in women ≥ 50 years. It is important
to note that the evaluation of the lifetime risk of CVD,

in addition to the 10-year risk, should be considered
for younger individuals to overcome this limitation.16
Regarding the second aspect, the use of the sGRS
in primary care would indeed allow easier CVR
assessment, which is an excellent characteristic for
a screening tool and should prompt its promotion.
Another suggestion by Cavalcante et al. is to use
the information promptly available in primary care
to calculate CVR, such as previous examinations or
blood pressure measurements. Malta et al.17 highlight
how differences between CVR scores can derive from
different aspects: the eligible population, predictors, and
the weight of each predictor and/or outcomes (Table 1).17
Finally, the cut-offs recommended by CVR calculators
differ and are arbitrarily defined.17 These divergences
can confuse clinicians and result in misperceptions of
risk and difficulties in implementing public policies,
as emphasized in other international18 and national17
studies. In Brazil, the prevalence of individuals aged 45
to 64 years classified as intermediate or high CVR using
data from the NHS had a large variation, from 2.5%
(95%CI 1.8–3.3) to 44.1% (95%CI 39.7–47.3), according
to which of the six scores was used.18
The definition of the best calculator to be implemented
depends on the aim of the study. Some scores calculate
only the risk of cardiovascular deaths, while others
include non-fatal cardiovascular events.13 According
to Malta et al., 17 “the choice for which CVR calculator

Table 1 – Characteristics of selected risk scores for the primary prevention of cardiovascular disease
Age
range

Predictors

10-year outcomes

Original
cut-offs

Framingham (Global
Risk Score – GRS)*

30–74

Age, sex, SBP, hypertension treatment,
TC, HDL-C, diabetes, smoking

Fatal and non-fatal cardiovascular
disease (coronary stroke, heart failure,
intermittent claudication)

≥ 20%

Framingham (hard
coronary disease)

30–79

Age, sex, SBP, hypertension treatment,
TC, HDL-C, smoking**

MI (fatal or non-fatal)

≥ 20%

Pooled Cohort
Equation (ACC/AHA)

40–79

Age, sex, SBP, hypertension treatment,
TC, HDL-C, diabetes, smoking

Fatal coronary disease, non-fatal MI,
fatal or non-fatal stroke

≥ 7.5%

WHO

40–79

Age, sex, SBP, TC, diabetes, smoking

MI or stroke (fatal or non-fatal)

≥ 20%

SCORE (High Risk
– TC)

45–64

Age, sex, SBP, TC, smoking

Cardiovascular death (coronary
stroke, arrhythmia, aortic aneurysm or
peripheral vascular disease)

≥ 5%

SBP: systolic blood pressure; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; MI: myocardial infarction; ACC/AHA: American College
of Cardiology/American Heart Association; WHO: World Health Organization.
*In the simplified GRS (sGRS), the body mass index is used instead of TC and HDL. ** Diabetes is considered a coronary disease equivalent.
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should be used in Brazil is under debate, in the sense that
there is no equation derived from a study conducted in the
Brazilian population that considers the characteristics of our
population, such as the racial composition, socioeconomic
and geographic conditions.” For that, longitudinal data
evaluating MACE are needed but are not yet available
in the country.19
Lastly, while identifying individuals with high CVR
is important, population-wide strategies that promote a
healthy lifestyle benefit all individuals, independently
of their CVR, and are particularly relevant for socially

vulnerable populations.20 The WHO sets forth actions
for the promotion of health, such as regulatory
measures including the taxation of tobacco products,
alcohol, and ultra-processed foods21 and the creation
of environments that render accessible and encourage
healthy choices such as physical activity and healthy
diets.7,21 While mass preventive strategies are more
politically challenging, particularly in a scenario of
low investment in health, they need to be combined
with strategies focused on individuals at high CVR to
improve the cardiovascular health of all Brazilians.22
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Cardiovascular Risk Profile of a Young Adult Women Population Assisted in Primary Care
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Abstract
Background: Although cardiovascular disease is a major cause of death among women, cardiovascular risk
assessment in young women is frequently postponed due to a number of factors.
Objectives: To assess cardiovascular risk of young adult women living in one of Rio de Janeiro’s Family Health
Strategy geographical units in the city’s central area.
Materials and Methods: populational, cross-sectional study with adults between 20 and 50 years old.
Sociodemographic characteristics such as educational level and employment status were recorded. Anthropometric
measurements, traditional cardiovascular risk factors, gynecological and gestational history, and selected laboratory
exams were assessed. The bivariate analysis compared the baseline characteristics of the population between
genders and the prevalence of cardiovascular risk factors in women according to educational level and occupation
status, using non-paired Student’s t-test for normal continuous variables, Mann-Whitney test for asymmetrical
continuous variables, and chi-square test for categorical variables. A significance level of 5% (p < 0.05) was adopted.
Results: A total of 710 individuals were enrolled. In women, who comprised 59.7% of our sample, central obesity
and a sedentary lifestyle were more prevalent, whereas smoking and hypertension were less observed. However,
women with lower educational status had a higher prevalence of smoking and hypertension. In hypertensive
women, factors such as early menopause, higher prevalence of hypertensive disorders of pregnancy and higher
number of pregnancies were noticed.
Conclusion: An adverse cardiovascular risk profile in our population of young women was particularly influenced
by central obesity, sedentary lifestyle, hypertensive disorders of pregnancy and lower educational status.
Keywords: Cardiovascular Diseases; Risk Factors; Young Adults; Women; Primary Health Care.

Introduction

factors, it must also be considered that they have different
impacts on women.4,5

Cardiovascular (CV) diseases are the major cause of
women mortality: around 8.5 million deaths every year1,
which increases the demand for prevention strategies that
take into account the particularities of its evolution.2,3 CV
risk assessment in women involves not only traditional
risk factors, but specific ones (gestational complications
and hormonal alterations), as well as those that have a
higher impact on women’s health, such as autoimmune
and psychiatric diseases.3 Regarding traditional risk

We know that women’s CV risk increases in the
postmenopausal period when she loses her hormonal
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protection. However, CV health of younger women is
still less focused on the main studies: current concepts are
based on findings in men and older women. The lack of
specific approaches for younger women causes flaws in
diagnosis, follow-up and treatment, and, consequently,
worse outcomes.4-6
Considering the deficit of women’s CV risk analysis,
the objective of our study is to assess the cardiovascular
risk profile of young women between 20 and 50 years old
who live in the coverage area of Family Health Strategy
– Lapa Health-School Center unit, in the Rio de Janeiro
city center – LapARC study.

Methodology
Study design: A population, cross-sectional study
from LapARC study cohort (population study of CV risk
assessment) included adults between 20 and 50 years old
who live in Rio de Janeiro city center, coverage area of
Family Health Strategy – Lapa Health-School Center (CSELapa) unit. Until now, 65% (710 individuals) of the target
population (1,100 individuals) have been assessed.
Data collection: Sociodemographic data were recorded,
including gender, age, education (illiterate, middle school,
high school, and graduate/postgraduate), and current
occupation (formal or informal work, unemployed,
housewife and student). The low education was defined as
middle school, and we have considered unemployed, stayat-home and student as people outside the labor market.
Weight (in kg) and height (in meters) were measured using
a digital scale and stadiometer to calculate body mass index
(BMI) through the formula BMI = weight (kg)/height (m)2.
It was performed the measurement of waist circumference
using an anthropometric tape measure. Individuals with
BMI > 30 kg/m2 were considered obese and with BMI
between 25.1 and 30 kg/m2 were considered overweight.
Central obesity was defined as waist circumference > 88
cm in women and > 102 cm in men. CV risk factors were
assessed by standardized questionnaires. Individuals who
have smoked in the last 6 months were considered smokers,
and those who have not exercised regularly for at least 150
min per week were considered sedentary. Family history
of CV diseases is defined as a patient with coronary or
cerebrovascular disease in 1st degree relatives (women under
65 and men under 55 years old).7
The diagnosis of hypertension was based on the
average of two office blood pressure (BP) measurements
with a digital oscillometric device (MicrolifeWatch BP03)
with a cuff suitable for arm circumference, according to
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the Brazilian Guideline of Arterial Hypertension – 2020.7
Patients were considered hypertensive with average office
BP equal or higher than 140 x 90 mmHg or when regularly
using anti-hypertensive drugs. Participants underwent
Home Blood Pressure Monitoring (HBPM) (HEM-705 CP,
Omron Healthcare, Kyoto, Japan), using a 7-day protocol
in two morning and two afternoon measurements. The
measurements of the first day were discarded and the
average of the six remaining days was calculated, being
considered exams with at least 12 valid measurements. The
considered reference value was lower than 135x85 mmHg.8
Metabolic alterations were diagnosed by anamnesis (use
of hypoglycemic agents and statins) and laboratory exams
performed during fasting. We considered fasting glycemia
between 100 and 125 mg/dl as glucose intolerance (GI) and
above 126 mg/dl as diabetes mellitus (DM). To diagnose
dyslipidemia, the values considered were total cholesterol
above 190 mg/dl, HDL below 40 mg/dl, LDL above 130 mg/
dl and triglycerides above 150 mg/dl.9 Serum creatinine was
also measured. Metabolic syndrome was defined as central
obesity (waist circumference ≥ 80 cm in women or ≥ 94 cm in
men) + two of the following criteria (TG ≥ 150 mg/dl, HDLcholesterol < 40 mg/dl in men and < 50 mg/dl in women,
glycemia ≥ 100 mg/dl and systolic BP ≥ 130 mmHg and
diastolic BP ≥ 85 mmHg or use of anti-hypertensive drugs).10
Information about gynecological history was also obtained:
age of menarche and (when applicable) menopause, regular
use of oral or injectable contraceptive drugs, gestational
history, occurrence of hypertensive disorders of pregnancy
(HDP), and early menopause (before the age of 40).
Data analysis: The statistical analysis was performed
using SPSS 19.0 software (SPSS, Chicago, IL, USA).
Data normality was verified via histogram and Q-Q
plot. Continuous variables were expressed in means
and standard deviations when they presented a normal
distribution and expressed in median and interquartile
range in the case of asymmetrical distribution. The
categorical variables were expressed in the number of
individuals (n) and percentages. The bivariate analysis
compares men and women through non-paired Student’s
t-test (normal continuous variables), Mann-Whitney test
(asymmetrical continuous variables), and chi-square test
(categorical variables). A significance level adopted of
5% (p < 0.05) was adopted. The same method was used
to assess the prevalence of cardiovascular risk factors in
women according to educational level and occupation.
Through multiple logistic regression, independent
correlations for female sex, low education, and occupation
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were assessed as dependent variables. The candidate
variables for the models were age, smoking, sedentary
lifestyle, obesity, central obesity, hypertension,
dyslipidemia, alteration of glycemic profile (DM or GI),
and metabolic syndrome. A step-by-step procedure was
used to select the independent covariables (p < 0.10 was
necessary to enter and stay in the model). The HosmerLemeshow goodness-of-fit test and an estimated
probability of the area under the ROC curve were used
to assess calibration and discrimination of models. The
results were presented as an odds ratio and confidence
interval (CI) of 95%.
Ethical considerations: The study was approved by
UNESA’s Research Ethics Committee (number 1.389.191
in 01/15/2016 – CAAE 50605215.4.0000.5284) and the
participants signed a Free and Informed Consent Term
in accordance with Resolution 466/2012.

Results
A total of 710 individuals were assessed, being 424
(59.7%) women, with an average age of 36.5 ± 9.0 years.
The most prevalent CV risk factors in the population were
dyslipidemia (65.6%), sedentary lifestyle (44.4%), overweight
(38.7%), obesity (25.2%), and hypertension (24.8%). (Table 1)
Among women, it is worth noticing the prevalence of
dyslipidemia (63.9%), sedentary lifestyle (48.1%), and central
obesity (48.6%). In figure 1, we observe that 77% of women
presented CV risk factors and 12% of them had three or
more risk factors.
When comparing both genders, women presented a
higher prevalence of central obesity and sedentary lifestyle.
On the other hand, they had lower levels of smoking and
hypertension, with significantly lower office BP and HBPM
levels. (Table 1) The main association between CV risk factors
and female gender was a sedentary lifestyle, and central
obesity, which presented an OR approximately 4.5 times
higher than the sedentary lifestyle. (Table 2)
Current hypertension diagnosis was significantly higher
not only among women with previous history of HDP
(28.2% vs 8.4%), but also in those who presented early
menopause (14.1% vs 4.3%). The diagnosis of hypertension
was lower among nulliparous (20.5% vs 42.5%) without the
influence of contraceptive use. (Table 3).
Tables 4 to 7 related education and occupation data.
Comparing each educational level and occupation status
with the total population of women, we observed that
functionally illiterate women (10%) had higher prevalence

of smoking, obesity, central obesity, hypertension,
dysglycemia and metabolic syndrome, although being
less sedentary. (Table 4). Low education tripled the risk of
smoking and doubled the risk of hypertension, however
reducing the risk of sedentary lifestyle. (Table 5) In its
turn, the lack of labor market insertion reduced the risk of
dyslipidemia, while formal employment reduced the risk
of smoking. (Table 7).

Discussion
Despite women in pre-menopause knowingly
presenting a lower CV risk, few studies assess women in
this age range.11 Our population study is one of the first
studies to assess CV risk in women under the age of 50. It
demonstrates that those women present higher prevalence
of central obesity and are more sedentary. On the other
hand, they smoke less and present lower BP levels as well
as a more favorable lipid profile. In its turn, low-educated
women present higher risk of smoking and hypertension,
however having a lower risk of being sedentary.

Primary CV prevention in young women
Evidence shows that before menopause, higher levels of sex
hormones, such as estradiol, give women a certain protection
against CV diseases12-14 through several mechanisms.
However, after menopause this ‘cardioprotective’ effect
reduces gradually and CV morbimortality becomes similar
between men and women with ageing.11,15 Despite that, there
is no evidence of the benefits of hormonal therapy after
menopause16 to prevent CV diseases, although the subject
is still controversial.17
Considering the high CV morbimortality in women
and the increase of its prevalence after menopause5,12,
it is fundamental to stratify the CV risk and adopt
primary prevention measures in adult women during
her reproductive life.11 In our study, most of the women
between 20 and 50 years old have already presented one
or more traditional CV risk factors (Figure 1). Considering
young adults, most of them in the fertile age, data reinforce
the importance of an individualized approach – both of each
patient and of the comorbidities they present – to guarantee
effective, durable benefits.

Traditional risk factors
Although there are still controversies about obesity
and overweight being independent risk factors
for CV diseases18, its role in decompensating other
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Table 1 – Baseline characteristics of total population, classified according to gender
Total
population
(n=710)

Female
(n=424)

Male
(n=286)

p-value

36.5 ± 9.0

36.7 ± 8.9

36.1 ± 9.2

0.420

27.3 ± 5.4

27.3 ± 5.7

27.3 ± 4.9

0.932

Obesity1, n(%)

179 (25.2)

108 (25.5)

71 (24.8)

0.930

Overweight , n(%)

275 (38.7)

154 (36.3)

121 (42.3)

0.116

Central obesity2, n(%)

279 (39.3)

206 (48.6)

73 (25.5)

p < 0.001

Family history of precocious CVD. n(%)

231 (32.5)

145 (34.2)

86 (30.1)

0.254

Physical inactivity, n(%)

315 (44.4)

204 (48.1)

111 (38.8)

0.017

Smoking, n(%)

109 (15.4)

52 (12.3)

57 (19.9)

0.008

Hypertension, n(%)

157 (24.8)

76 (19.9)

81 (32.4)

p < 0.001

Dyslipidemia, n(%)

466 (65.6)

271 (63.9)

195 (68.2)

0.260

Diabetes, n(%)

26 (3.7)

15 (3.5)

11 (3.8)

0.841

Glucose intolerance, n(%)

57 (8.0)

37 (8.7)

20 (7.0)

0.482

Metabolic Syndrome, n(%)

128 (18.0)

72 (17.0)

56 (19.6)

0.426

Systolic BP, mmHg

122 ± 16

118 ± 15

128 ± 15

p < 0.001

Diastolic BP, mmHg

76 ± 11

75 ± 10

78 ± 11

p < 0.001

97 (15.3)

36 (9.4)

61 (24.4)

p < 0.001

(n=291)

(n=179)

Characteristics

Age, years
Anthropometric measures
BMI. kg/m2

1

Cardiovascular risk factors

Blood pressure, mmHg
Office

Uncontrolled BP, n(%)
HBPM (n=470)
Systolic BP, mmHg

121 ± 13

117 ± 12

126 ± 12

p < 0.001

Diastolic BP, mmHg

75 ± 10

74 ± 10

76 ± 9

0.011

91 (19.4)

48 (16.5)

43 (24.0)

Glycemia, mg/dL

90 ± 15

90 ± 15

91 ± 14

0.840

Creatinine, mg/dL

0.75 ± 0.20

0.69 ± 0.17

0.84 ± 0.22

p < 0.001

Cholesterol, mg/dL

188 ± 45

191 ± 46

183 ± 43

0.069

HDL-cholesterol, mg/dL

55 ± 10

56 ± 10

53 ± 11

0.021

LDL-cholesterol, mg/dL

108 ± 40

111 ± 39

104 ± 40

0.093

Triglycerides, mg/dL

125 ± 70

123 ± 73

128 ± 64

0.511

Uncontrolled HBPM, n(%)
Laboratory exams

Obesity: BMI > 30 kg/m2/ Overweight: BMI between 25.1 and 30.0 kg/m2
Central Obesity: women > 88 cm and men > 102
BMI: Body Mass Index; CVD: cardiovascular diseases; BP: blood pressure; HBPM: Home Blood Pressure Monitoring.
Values are averages ± SD (continuous variables) or absolute numbers and percentages (categorical variables)
The bivariate analysis compares men and women through non-paired Student’s t-test (normal continuous variables and chi-square test (categorical variables).
1
2
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Figure 1 – Number of cardiovascular risk factors classified according to gender.

Table 2 – Logistic regression for cardiovascular risk factors in women, adjusted for age
Women
OR (CI 95%)

p value

Smoking

0.56 (0.36-0.87)

0.009

Physical inactivity

1.50 (1.08-2.09)

0.015

Obesity

0.32 (0.18-0.54)

< 0.001

Central obesity

6.83 (4.06-11.50)

< 0.001

Hypertension

0.32 (0.20-0.51)

< 0.001

Dyslipidemia

0.83 (0.59-1.19)

0.317

Adverse glycemic profile

1.01 (0.59-1.62)

0.970

Metabolic Syndrome

0.95 (0.55-1.62)

0.841

Cardiovascular risk factors

Hosmer-Lemeshow goodness-of-fit test: p=0.604. Area under the ROC curve: 0.791 (95% IC 0.745-0.838)

well-established risk factors, such as dyslipidemia,
hypertension and DM, is consensual.19
The prevalence of obesity is increasing in the Brazilian
population and, among women, it is worth mentioning
the increase in the pattern of central obesity, which is
more related to CV risk.20 This phenomenon seems to be
related to social issues that impact women differently,
such as urban violence 21 , double shift work, and
household chores.22 However, it must be highlighted
that indexes and cutting points to identify central obesity
in Brazil are not consensual23, and discrimination of

these levels by ethnicity (white, brown and black people)
seems to be needed to several CV risk factors24, although
being complex.
Nevertheless, the results of our study reflect this
problem, showing similar and increased levels of obesity
and overweight in both genders. Still, it draws special
attention to the high prevalence of central obesity in
women, which is directly related to a high CV risk.
The data reinforce the need to develop public policies
to prevent obesity in general and others with focus on
central obesity in female patients.3,5,19,20
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Table 3 – Risk factors related to the gynecological history for hypertension in women
Total women
(n=424)

Hypertension
(n=78)

Normotension
(n=346)

p-value

Menarche age, median[IQR]

13 [11-14]

12 [11.0-14.0]

13 [11.3-14.0]

0.769

Contraceptives, n(%)

126 (29.7)

20 (25.6)

108 (30.6)

0.414

Hypertensive disorders of pregnancy, n(%)

51 (12.0)

22 (28.2)

29 (8.4)

p < 0.001

Precocious menopause, n(%)

28 (6.1)

11 (14.1)

15 (4.3)

0.003

HRT, n(%)

10 (2.4)

2 (2.6)

8 (2.3)

1.00

163 (38.4)

16 (20.5)

147 (42.5)

p < 0.001

2[1-3]

2 [1-3]

1 [0-2]

p < 0.001

Nulliparous, n(%)
N. pregnancies, median [IQR]

Values are median ([interquartile range] (IQR) (continuous variables) or absolute numbers and percentages (categorical variables).
HRT, Hormone Replacement Therapy
The bivariate analysis compares normotensive and hypertensive women through Mann-Whitney test (asymmetrical continuous variables) and chi-square
test (categorical variables).

Table 4 – Prevalence of cardiovascular risk factors in women according to educational level
Total
population
(n=424)

Functional
illiterate
(n=42)

Middle
education
(n=46)

High school/
Technical
course (n=207)

Graduation/
Post-graduation
(n=129)

Physical inactivity, n(%)

204 (48.1)

11 (26.2) †

19 (41.3)

100 (48.3)

74 (57.4) *

Smoking, n(%)

52 (12.3)

11 (26.2) *

10 (21.7) *

21 (10.1)

10 (7.8) *

Obesity, n(%)

107 (25.2)

17 (40.5) *

13 (28.3)

50 (24.2)

27 (20.9)

Central obesity, n(%)

206 (48.6)

29 (69.0) †

26 (56.5)

96 (46.4)

55 (42.6)

Hypertension, n(%)

78 (18.4)

16 (38.1) †

12 (26.1)

33 (15.9)

17 (13.2)

Dyslipidemia, n(%)

271 (63.9)

32 (76.2)

30 (65.2)

128 (61.8)

81 (62.8)

Adverse glycemic profile, n(%)

52 (12.3)

11 (26.2) *

3 (6.5)

23 (11.1)

15 (11.6)

Metabolic Syndrome, n(%)

72 (17.0)

17 (40.5) ‡

10 (21.7)

30 (14.5)

15 (11.6)

Cardiovascular risk factors

* p<0.05; † p<0.01; ‡ p<0.001
The categorical variables were expressed in number of individuals (n) and percentages.
The bivariate analysis compares each educational level through chi-square test (categorical variables) in relation to total population.

Regarding dyslipidemia, although young women
have a comparatively favorable profile, this tends to
be reverted after menopause 24,25 with evidence that
between 50 and 79 years old its prevalence becomes
higher in women. 26 The criteria for drug therapy
indication are the same. However, women receive
it less frequently and are more prone to refuse
and abandon treatment. 3,24 Thus, improvements
in identifying this issue and following it up are
fundamental to ameliorate the prognosis.

In our study, the extremely high prevalence of
dyslipidemia in young adults (Table 1) demonstrates that
this is as a primary issue of public health and reinforces
the need to identify it and establish an early control.
In both genders, besides drug therapy (when needed),
counseling actions about healthy habits, such as balanced
nutrition, weight control and regular exercises, are
fundamental.2,7,9,10,19
The association between glycemic profile and CV risk
is well established for both genders.2,19,27 However, its
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Table 5 – Logistic regression for cardiovascular risk factors and low education in women adjusted for age
Women
OR (IC 95%)

p value

Smoking

3.25 (1.70-6.20)

< 0.001

Physical inactivity

0.46 (0.28-0.77)

0.003

Obesity

1.08 (0.57-2.03)

0.818

Central obesity

1.72 (0.94-3.13)

0.080

Hypertension

2.38 (1.33-4.29)

0.004

Dyslipidemia

1.29 (0.76-2.21)

0.350

Adverse glycemic profile

1.06 (0.52-2.15)

0.872

Metabolic Syndrome

1.24 (0.59-2.60)

0.566

Cardiovascular risk factor

Hosmer-Lemeshow goodness-of-fit test: p=0.632. Area under the ROC curve: 0.784 (95% IC 0.739-0.846)
Obs: Low education included those who studied until completing middle education (n=88)

Table 6 – Prevalence of cardiovascular risk factors in women according to occupation
Total
population
(n=424)

Formal job
(n=208)

Informal job
(n=65)

Unemployed
(n=81)

Housewife
(n=26)

Student
(n=44)

Physical inactivity, n(%)

204 (48.1)

97 (46.6)

29 (44.6)

41 (50.6)

10 (38.5)

27 (61.4)*

Smoking, n(%)

52 (12.3)

19 (9.1)*

15 (23.1) †

9 (11.1)

6 (23.1)

3 (6.8)

Obesity, n(%)

107 (25.2)

57 (27.4)

16 (24.8)

23 (28.4)

8 (30.8)

3 (6.8) †

Central obesity, n(%)

206 (48.6)

106 (51.0)

32 (49.2)

40 (49.4)

15 (57.7)

13 (28.5)*

Hypertension, n(%)

78 (18.4)

37 (17.8)

13 (20.0)

16 (19.8)

8 (30.8)

4 (9.1)

Dyslipidemia, n(%)

271 (63.9)

137 (65.9)

44 (67.7)

41 (50.6) †

18 (69.2)

31 (70.5)

Adverse glycemic profile, n(%)

52 (12.3)

29 (13.9)

10 (15.4)

6 (7.4)

4 (15.4)

3 (6.8)

Metabolic Syndrome, n(%)

72 (17.0)

42 (20.2)

11 (16.9)

11 (13.6)

6 (23.1)

2 (4.5)*

Cardiovascular risk factors

* p<0.05; † p<0.01; ‡ p<0.001
The categorical variables were expressed in the number of individuals (n) and percentages.
The bivariate analysis compares each occupation status through chi-square test (categorical variables) in relation to total population.

influence seems to be greater in women. In non-diabetic
populations, CV complications are more prevalent
among men in every age range, except in very elderly
individuals. In patients with DM, such differences are
reduced28, suggesting that the disease counters the
cardioprotective effect of female sex hormones in premenopause.29 The higher relative risk of CV mortality
in women with diabetes may be related, among other
hypotheses, to earlier insulin resistance3-5 and a higher
average BMI when DM is diagnosed.27

In our study, the prevalence of GI and DM were low
and similar between men and women (Table 1), possibly
due to the young cohort. Despite that, it is important to
remember that more unfavorable outcomes in young
women will demand more attention to this group, both
in monitoring and possible interventions.2,19
Regarding hypertension, our results were similar
to those achieved in other studies in Brazil 30 and
worldwide.31,32 Data suggest that women in this age range
are less prone to develop hypertension, a disease that
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Table 7 – Logistic regression for cardiovascular risk factors in women out-of-work and those in formal job
Cardiovascular risk factor

Women outside labor market
OR (IC 95%)
(n=151)

Women with formal job
OR (IC 95%)
(n=208)

Smoking

1.35 (0.70-2.61)

0.53 (0.29-0.97) £

Physical inactivity

0.97 (0.62-1.51)

0.88 (0.60-1.29)

Obesity

1.34 (0.73-2.46)

1.16 (0.68-1.98)

Central obesity

1.04 (0.60-1.79)

1.13 (0.71-1.81)

Hypertension

1.41 (0.80-2.50)

0.81 (0.48-1.36)

Dyslipidemia

0.58 (0.37-0.91) £

1.20 (0.80-1.79)

Adverse glycemic profile

0.61 (0.29-1.38)

1.31 (0.72-2.39)

Metabolic Syndrome

0.76 (0.36-1.62)

1.57 (0.85-3.28)

£ p<0.05; # p<0.01; *p<0.001
Hosmer-Lemeshow goodness-of-fit test: p=0.594. Area under the ROC curve: 0.772 (95% IC 0.738-0.825)
Obs: Outside labor market (unemployed, housewife and student)

may be related to a higher level of female sex hormones.
However, controversies about the subject persist since
many other factors seem to interfere in this context,
such as obesity, race/ethnicity, gynecological history,
and social determinants.30 In our study, hypertension
was strongly correlated with low-educated women,
even after adjusting for age (Table 5). A retrospective
analysis of large cohorts involving patients of different
age ranges describes earlier BP elevations in women, even
when adjusting it to the remaining CV risk factors.4,31
Our data demonstrate that hypertensive women have a
higher prevalence of HDP history, early menopause and
previous pregnancies. (Table 3) Thus, additional studies
are needed to better establish this relationship.
Regarding risk factors related to lifestyle, our study
showed a higher prevalence of sedentary lifestyle in
women (Tables 1 and 2), except among those with lower
education (Tables 4 and 5). This is an independent CV risk
factor and regular physical activities have proved benefits
to women in every age range.33 The increased prevalence
we observed was already described in the Brazilian
population34, and it signals the magnitude of this public
health issue. Regarding women, it is possible to question
whether these high levels may be related to social issues,
such as double shift of work22, but the actual determinants
of this difference deserve further investigation.
Smoking was less frequent in women of our sample.
However, the difference does not minimize its impact:

the prevalence of smoking in women is growing1 and
there is evidence that smoking women have a higher risk
of developing CV diseases compared to smoking men.35
Among other outcomes, the risk of acute myocardial
infarction seems to be higher36 and general CV mortality37
seems higher, although additional studies are needed to
investigate the cause of these differences.

Risk factors specific to women
Early menopause and menarche, HDP, gestational
DM and prematurity are independent CV risk factors
in women.2,3,5-7 In our study, some of these correlations
become evident with significantly higher levels of
hypertension in this young population among women
who presented HDP, early menopause, and a higher
number of pregnancies (Table 3). The same consideration
highlights the importance of collecting and analyzing
data still unavailable about gestational DM and
prematurity in our sample. This also applies to the
prevalence of polycystic ovary syndrome. Despite well
studied in the literature7,37, the association between oral
contraceptives use and hypertension was not shown in
our sample, possibly due to the shorter period of use.38
Regarding the age of menarche, it was not observed
different prevalence of hypertension: it is possible that
it will happen to the enlargement of the sample and a
longer follow-up.
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Social and demographic factors
In terms of CV risk, women are particularly vulnerable
to situations such as poverty, violence,21 and absence of
an adequate social protection network.6,39 In our study,
the most revealing data concerning this scenario are the
association between low educational status (a strong
indicator of socioeconomic standing) and the prevalence
of hypertension, dysglycemia, smoking and metabolic
syndrome, which confirms findings from other studies
previously developed in Brazil.40
In our study sample, 21% of young women were
classified as having a low educational status – either
functionally illiterate or basic-level (up to eight years)
education. Their adverse cardiovascular risk profile
suggests that they need to be main targets of primary
care prevention strategies. As for occupational status,
only non-consistent and sporadic associations were
noticed. Given the large number of women in informal
employment (15% in our sample) and the ever-fluid
nature of this indicator, it is clear that a longer follow-up
and perhaps a larger sample will be needed to investigate
these relationships.
Living in remote locations and belonging to certain
ethnicities 30,39,40 (black, mixed-race and indigenous
women) may also affect risk6 and thus, in some cases,
constitute confounding factors. Our sample, however,
is restricted to an urban area; the location of residence
does not seem to skew the results. Racial profiles, on the
other hand, will have to be further addressed in future
analyses, as their possible relationships with our sample’s
risk profiles have not yet been measured.
On the other hand, data related to the occupation
did not reveal consistent correlations. It is possible that
the small size of the sample and the fluid nature of this
indicator makes it difficult to interpret the data – a longer
follow-up of the patients will be needed to determine
whether these associations with CV risk are real.
Regarding study limitations, we can highlight that
until now only 65% of the target population living in the
coverage area of CSE-Lapa was assessed, being therefore
a smaller than expected sample. This may have prevented
the achievement of statistical significance of some data. In
the specific assessment of women, the lack of information
about the prevalence of some specific or more impacting
risk factors on women's CV health, such as polycystic
ovarian syndrome, gestational diabetes, autoimmune
diseases, or psychiatric diseases, as well as specific
issues of domestic violence, abuse, and harassment,

may have somehow created a bias in our analysis. Data
concerning these parameters must be incorporated in
future assessments. Similarly, comparisons between
impacts of socioeconomic data, especially household
income, and CV risks in men and women will also be
useful to compare vulnerabilities between these groups.

Conclusions
We conclude that this population of young women
presents an adverse cardiovascular and metabolic risk
profile, mainly related to central obesity and sedentary
lifestyle, as well as a high prevalence of dyslipidemia, and
this scenario is worsened among low-educated women.

Perspectives
Primary prevention of CV diseases in young adult
women has particularities that must be addressed in
order to develop adequate risk assessment strategies and
better interventions to avoid unfavorable outcomes. In
comparison with men and older women, young women
are less diagnosed, less counseled, less treated, and less
followed up. In the long term, this can be translated in a
higher morbidity. Thus, the point is not only to develop
more studies to investigate the risk profiles of this
population, but also to empower healthcare professionals
to better respond to these specific demands.
LapARC study is currently enrolling participants with
the initial objective to trace the CV risk profile of this
young population. This cohort will be followed-up in the
long term to identify the main risk factors responsible
for future outcomes. This preliminary data has already
identified traditional risk factors and socioeconomic
determinants greatly affect these young women. Based
on these data, we can later guide public policies capable
of identifying particularities in the development of
CV diseases in women as well as the elaboration of
preventive approaches more suitable for the demands
of this population.
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Abstract
Background: Cardiovascular diseases are the main cause of death in women and the accuracy of currently available
risk scores is questionable.
Objective: To reclassify the risk estimated by the Framingham Risk Score (FRS) in asymptomatic middle-aged
women by incorporating family history, exercise testing variables, and subclinical atherosclerosis markers.
Methods: This cross-sectional study included 509 women (age range, 46-65 years) without cardiovascular
symptoms. Those at low or intermediate risk by the FRS were reclassified to a higher level considering premature
family history of acute myocardial infarction and/or sudden death; four variables from exercise testing; and two
variables related to subclinical atherosclerosis markers. The homogeneity of these variables according to the FRS
was verified by Pearson chi-square test (p<0.05).
Results: According to the FRS, 80.2%, 6.2%, and 13.6% of the women were classified as low (<5%), intermediate
(5-10%), and high (>10%) risks, respectively. The intermediate-risk stratum showed the highest increase (from 6.2%
to 33.3%) with addition of family history; followed by addition of chronotropic index <80% (to 24.2%); functional
capacity <85% (22.2%), coronary calcium score >0 (20.6%); decreased one-minute heart rate recovery ≤12 bpm
(15.2%); carotid intima-media thickness >1 mm and/or carotid plaque (13.8%) and ST-segment depression (9.0%).
The high-risk stratum increased to 14.4% with the addition of reduced heart rate recovery and to 17.1% with the
coronary calcium score.
Conclusion: Incorporation of premature family history of cardiovascular events, exercise testing abnormal
parameters, and subclinical atherosclerosis markers into the FRS led to risk reclassification in 3.0-29.7% of
asymptomatic middle-aged women, mainly by an increase from low to intermediate risk.
Keywords: Exercise Test; Heredity; Atherosclerosis; Women; Middle Aged; Estrogens; Risk Factor; Obesity;
Hypertension; Myocardial Infarction; Sudden death.

Introduction
In middle-aged women, estrogen deficiency and
the high prevalence of traditional risk factors such as
obesity, sedentary behavior and hypertension can cause
significant changes in the cardiovascular risk profile.1,2
Although approximately 90% of these women are classified
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as “low risk” based on the Framingham Risk Score (FRS),
events such as acute myocardial infarction and sudden
death are common in this group,3,4 suggesting that
traditional cardiovascular risk scores may not be accurate.3,5-7
Thus, variables not included in the traditional scores, such
as a premature family history of cardiovascular events,3,4
exercise testing variables,4,5-10 and subclinical atherosclerosis
markers have been considered for risk reclassification in
women.8,9,11,12 In addition, a history of infarction or death
from cardiovascular disease in first-degree male relatives
before 55 years of age and female relatives before 60 years of
age has been considered in this regard.1,10,13 The prevalence
of subclinical atherosclerosis is found to be high in women
with a family history of cardiovascular events, even in those
at low risk according to the FRS.12,13
Among the markers of subclinical atherosclerosis,
coronary calcium score has been of increasing interest,
especially in asymptomatic individuals deemed to be
at intermediate risk by the FRS,3,14,15 since it is able to
detect coronary calcifications that correlate with disease
extent and cardiovascular events.16,17 Another marker of
subclinical atherosclerosis, carotid intima-media thickness
(CIMT), assessed by ultrasonography, is associated with
the presence and extent of disease in both men and women,
and a predictor of myocardial infarction and stroke.11,18,19
Exercise testing, a non-invasive functional method
established in the field of cardiology, is not only of
high diagnostic value, but also of prognostic value,
including in asymptomatic women.20-23 In this sense,
valuable information can be obtained regarding
the prediction of cardiovascular risk when exercise
parameters – functional capacity, chronotropic
response, chronotropic index, heart rate (HR) recovery,
and ventricular ectopy after exercise – are assessed.24-30
Studies have demonstrated the prognostic role of
imaging and functional tests, alone but especially in
combination, to identify which women are at greatest
risk for cardiovascular events. 31-33 Thus, markers
of subclinical atherosclerosis and exercise testing
variables may contribute to the adoption of earlier and
more effective preventive measures,8,9,18,33,34 especially
in those initially classified as low or intermediate risk
by the FRS.
In this context, the purpose of this study was to reclassify
the risk estimated by the FRS in asymptomatic middleaged women with the incorporation of a premature family
history of cardiovascular events, exercise testing variables,
and subclinical atherosclerosis markers.

Materials and methods
Study design and participants
It was a cross-sectional study with women aged 46-65
years selected by convenience sampling at two women’s
health outpatient clinics. The sample studied (n=509) was
greater than the calculated sample size (n=384), obtained
by the method recommended when the frequency of
the event in an infinite population is unknown.35 For
sample calculation, we used: estimated frequency in the
population (proportion of women whose cardiovascular
risk was assessed by the two methods) equal to 50%,
using the maximum possible variability; 95% confidence
interval; 5% margin of error; and infinite population size.
The following exclusion criteria were adopted: history
or clinical evidence of cardiovascular disease, except
hypertension; diagnosis of liver or kidney disease; use
of corticosteroids or hormone replacement therapy;
pregnancy; use of intrauterine device; use of hormonal
contraceptives for at least one year; and contraindication
to exercise testing according to the III Brazilian Society
of Cardiology Guideline for Exercise Testing.20

Variables and data collection
Of all women participating in the study, the following
data were collected – age, weight, height, smoking habit,
history of diabetes and systemic arterial hypertension, use of
HR-reducing medication, and history of parents and siblings
(<60 years of age for female relatives and <55 years of age
for male relatives) with acute myocardial infarction and/or
sudden death. Measurement of blood pressure, serological
tests (fasting glycemia, total cholesterol and fractions,
triglycerides), exercise testing, carotid artery ultrasound (for
determination of CIMT), and chest tomography (to determine
the coronary calcium score) were performed.
The FRS was obtained from variables including age, total
cholesterol and fractions, blood pressure, and smoking. The
FRS was categorized into three strata of cardiovascular risk,
low (<5%), intermediate (5-10%), and high (>10%), according
to the American Heart Association5 and the Brazilian Society
of Cardiology9 recommendations for female patients. All
diabetic women were classified as “high risk”.
Exercise testing was performed by the principal
investigator following the symptom-limited Bruce
protocol36 (Inbramed® treadmill, using the ErgoPc®
exercise testing program and a Unitec® mercury
manometer). Interpretation of the exercise testing results
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was made according to the parameters established by
the Brazilian Society of Cardiology.20 For calculation
of the exercise testing variables considered predictors
of mortality, the following formulae were used:21,23 (a)
Functional capacity = (maximum VO2 reached × 100)/VO2
predicted considering the predicted VO2 = 14.7 - (0.13 ×
age); (b) chronotropic index = (maximum HR - resting
HR) × 100/(predicted HR - resting HR). The predicted
HR was considered as (220 - age) as recommended by
Karnoven et al.;37 and (c) decrease in HR recovery at 1
minute = maximum HR - HR recovery at 1 minute.
CIMT was measured by carotid artery ultrasound (123-MHz EnVisor Ultrasound System; Philips Ultrasound,
Bothell, WA, USA) by the same technician. The average
of maximum CIMT was obtained from the right and left
carotid segments. CIMT values >1 mm and the presence
of atheroma plaque in the carotid artery18 were used
as indicators of subclinical carotid atherosclerosis.
Carotid plaque was defined as the presence of focal wall
thickening at least 50% greater than the wall thickness
of the surrounding vessel or as a focal region with an
intima-media thickness >1.5 mm projecting to the lumen
distinct from the adjacent contour.18
For coronary calcium score, non-contrast chest
tomography with low effective radiation dose (1.72.5 mSv) was performed by multi-channel detector
computed tomography (Philips Brilliance CT-10; Philips,
Amsterdam, The Netherlands). Images were prospectively
obtained using the single 20-second acquisitions of deepinspiration breath-hold technique and synchronized with
electrocardiogram to obtain 3-mm cuts from the level of
the carina to the level of the diaphragm.12,15 Coronary
calcification was defined as a plaque of at least three
consecutive pixels (area = 1.03 mm2) with density ≥130
Hounsfield units (HU). The coronary calcium score
was calculated according to the method described by
Agatston,38 i.e., multiplying the area of calcification in
square millimeters by a factor of 1, 2, 3, or 4 depending on
attenuation coefficients determined by calcium. Factor 1
was used when the coefficients were 130-199 HU; factor 2,
200-299 HU; factor 3, 300-399 HU; and factor 4, >400 HU.

Statistical analysis
Continuous variables are presented as mean and
standard deviation, and categorical variables as absolute
and relative frequencies. Homogeneity of the variables
used for cardiovascular risk reclassification was verified
by the Pearson chi-square test (p < 0.05).

Cardiovascular risk reclassification

Women classified as “low” or “intermediate”
cardiovascular risk based on the FRS were reclassified
to “high” risk if they had one or more of the following
parameters: (a) premature family history of acute myocardial
infarction and/or sudden death; (b) chronotropic index <80%
or <62% if using HR-lowering medication; (c) functional
capacity <85%; (d) decrease in HR recovery at 1 minute
≤12 bpm; (e) ST-segment depression; (f) CIMT >1 mm and/or
presence of carotid plaque; or (g) coronary calcium score >0.
With the incorporation of premature family history
of cardiovascular events, exercise test variables, and
atherosclerosis markers into the FRS, the increase in
cardiovascular risk corresponded to the proportion of
participants who were reclassified to a higher risk level.
The database was built in the Microsoft Office Access
program and analysis was performed using the SPSS
program (version 21.0).

Results
More than one-third of the middle-aged women
participating in the study (mean age, 56.4 ± 4.8 years;
body mass index, 27.8 ± 4.9 kg/m2) had systemic arterial
hypertension, dyslipidemia, and obesity (Table 1). Among
them, 11.2% were diabetic and 7.7% reported smoking.
Approximately 11.0% were using HR-reducing medication
to control systemic arterial hypertension. In the exercise
testing (Table 1), mean values of maximal HR, exercise
time, and VO2 were adequate for test interpretation.
Among the variables incorporated into the FRS for
cardiovascular risk reclassification (Table 2), premature
family history of acute myocardial infarction and/or sudden
death was the most frequent (more than one-third of
participants), followed by chronotropic index, with almost
one-third of participants with values below 80% or 62% (in
users of HR-lowering drugs). The lowest frequency was
related to ST-segment depression, observed in 22 women
(4.4%), of whom only 11 (2.2% of the total sample) had
a horizontal or descending pattern (>1 mm), suggestive
of myocardial ischemia. According to the FRS strata,
differences (p<0.05) were observed only in the distribution
of the chronotropic index and carotid calcium score.
As shown in Figure 1, about 6% of the women were
classified as intermediate risk by the FRS. After the variables
of interest were added, the percentage of women at this
stratum increased, with the highest increment (to 33.3%) after
the addition of premature family history of cardiovascular
events, followed by low chronotropic index (24.2%) and
impairment in functional capacity (22.2%) (Figure 1).
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Table 1 – Characteristics of participants and exercise testing parameters
Value
(n = 509)

Variable
Age group [n (%)], years
46-55

231 (46.1%)

56-60

147 (29.3%)

61-65

123 (24.6%)

Age (mean ± SD), years

56.4 ± 4.8

BMI (mean ± SD), kg/m2

27.8 ± 4.9

Obesity [n (%)]

158 (31.1%)

Diabetes [n (%)]

57 (11.2%)

Systemic arterial hypertension [n (%)]

247 (48.5%)

Dyslipidemia [n (%)]

211 (41.5%)

Smoking [n (%)]

39 (7.7%)

Coronary calcium score (mean ± SD)

21.4 ± 89.7

CIMT (mean ± SD)], mm

0.6 ± 0.1

HR-lowering medication [n (%)]

57 (11.2%)

Exercise testing
HR response (mean ± SD), bpm

74.4 ± 13.3

Maximum HR (mean ± SD), bpm

152.5 ± 19.6

HR recovery at 1 minute (mean ± SD), bpm

130.7 ± 19.3

Chronotropic index (mean ±SD),%

88.4 ± 20.8

Decreased HR recovery at 1 minute (mean ± SD), bpm

21.8 ±9.1

Functional capacity (mean ± SD), %

104.1 ± 26.9

Exercise time, (mean ±SD), minutes

7.4 ± 2.1

VO2 (mean ± SD), METs

7.6 ± 2.0

Arrhythmia [n (%)]

43 (9.9%)

BMI: body mass index; CIMT: carotid intima-media thickness; HR: heart rate; METs: metabolic equivalents; SD: standard deviation; VO2: oxygen uptake

Regarding the percentage of women at high risk based on the
FRS (13.6% of the women), after reclassification, it increased
to 14.4% with the addition of one-minute HR recovery
≤12 bpm and to 17.1% with the addition of a calcium score
>0. The percentage of women at low risk based on the FRS
(80.2%) decreased due to the migration of women to the
strata of higher risk, from 80.2% to 50.6% when considering
a premature family history of a cardiovascular event, and to
77.2% when considering the ST-segment depression.

(Figure 2), the total increase in risk (low to intermediate

With the incorporation of the variables used to reclassify
cardiovascular risk of asymptomatic middle-aged women

premature family history of cardiovascular events,

and intermediate to high) ranged from 3.0% (ST-segment
depression) to 29.7% (premature family history of
cardiovascular event). For all variables considered, the
highest increment occurred in the intermediate-risk stratum.

Discussion
This study demonstrated that adding the variables
exercise test parameters, and markers of subclinical
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Table 2 – Prevalence of premature family history of cardiovascular events, exercise testing variables, and subclinical
atherosclerosis markers in asymptomatic middle-aged women according to the Framingham Risk Score classification
Framingham Risk Score*
Variable

Low

Intermediate

High

Total

p†

N

%

N

%

N

%

N

%

Yes

146

37.0

13

41.9

25

37.9

184

37.4

Not

249

63.0

18

58.1

41

62.1

308

62.6

Altered (<62%‡/<80%)

104

25.9

14

45.2

22

32.4

140

28.0

Normal

297

74.1

17

54.8

46

67.6

360

72.0

Altered (<12 bpm)

52

12.9

5

16.7

12

17.6

69

13.8

Normal

350

87.1

25

83.3

56

82.4

431

86.2

Altered (<85%)

90

22.4

8

25.8

20

29.4

118

23.6

Normal

312

77.6

23

74.2

48

70.6

383

76.4

Yes

15

3.7

1

3.2

6

8.8

22

4.4

Not

387

96.3

30

96.8

62

91.2

479

95.6

Zero

264

76.5

13

52.0

41

71.9

318

74.5

1-99

68

19.7

8

32.0

9

15.8

85

19.9

> 100

13

3.8

4

16.0

7

12.3

24

5.6

<1 mm

360

89.6

27

87.1

55

80.9

442

88.2

>1 mm and/or carotid plaque

42

10.4

4

12.9

13

19.1

59

11.8

Premature family history of AMI and/or sudden death
0.856

Chronotropic index
0.049

Decreased HR recovery at 1 minute
0.520

Functional capacity
0.430

ST-segment depression
0.157

Coronary calcium score
0.022

CIMT
0.120

AMI: acute myocardial infarction; HR: heart rate; CIMT: carotid intima-media thickness.
*
Framingham Risk Score: low (<5%), intermediate (5-10%), high (>10%); †p-value referring to the Pearson chi-square test; ‡Chronotropic index
<62% only in women using heart rate-lowering medication.
Note: Women with incomplete information were excluded from the analyses.

atherosclerosis to the FRS provided a cardiovascular

Despite the recognized importance of the FRS,

risk reclassification in asymptomatic, middle-aged

studies3,27,29 have drawn attention to the use of some

women. Among the seven variables used, ST-segment

variables for reclassification of the cardiovascular risk

depression contributed to the smallest increase (3%) in

in middle-aged women, since although most of them

cardiovascular risk when added to the FRS, while other

are classified as low risk by the FRS, some are affected

variables like premature family history of cardiovascular

by acute myocardial infarction, even without previous

events (about 30%) and altered chronotropic index (about

symptoms. Thus, for women at low or intermediate

21%) contributed to the largest increases.

risk based on the FRS, with one or more risk factors or
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Figure 1 – Proportion of asymptomatic middle-aged women by Framingham Risk Score strata and by risk reclassification after
addition of premature family history of cardiovascular event, exercise testing variables, and subclinical atherosclerosis markers
FRS: Framingham Risk Score; AMI: acute myocardial infarction; HR: heart rate; CIMT: carotid intima-media thickness.
*History of acute myocardial infarction (AMI) and/or sudden death in parents and/or siblings younger than 55 years (men) or 60 years (women);
†Chronotropic index <62% if using heart rate-lowering medication.

Figure 2 – Increase in cardiovascular risk by the addition of premature family history of cardiovascular events, exercise testing
variables, and subclinical atherosclerosis markers to the Framingham Risk Score in asymptomatic middle-aged women
FRS: Framingham Risk Score; AMI: acute myocardial infarction; HR: heart rate; CIMT: carotid intima-media thickness
*FRS: Framingham Risk Score; †History of acute myocardial infarction (AMI) and/or sudden death in parents and/or siblings younger than 55 years
(men) or 60 years (women); ‡Chronotropic index <62% if using heart rate-lowering medication
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a positive family history, the addition of other variables
to the risk score may identify and benefit those most
vulnerable to cardiovascular events.39
Several variables have been proposed for reclassification
of cardiovascular risk estimated by the FRS,3,27,29 varying
from simple clinical history to more complex methods
that are expensive or require advanced technology, such
as cardiac imaging tests. The variables analyzed in the
present study were previously shown to be associated
with severe outcomes, 3,11,16-18,23,26,29 including death, acute
myocardial infarction, and stroke. Five of the seven
variables showed a homogeneous distribution between
the FRS strata, which reinforces the possible benefit of
their addition to this traditional risk score.
A premature family history of cardiovascular events in
parents and siblings has been independently associated
with a higher incidence of cardiovascular events, even
in women classified as low risk by the FRS.1,13,40,41 This is
a class I variable in asymptomatic individuals10 obtained
during the initial evaluation, regardless of other exams
and at no additional cost.
The predictive factors of mortality, although easily
assessed in exercise testing, are not always considered
important in the interpretation of the test results, including
in asymptomatic women,26,29,42 and are not considered
for primary prevention. As noted in this study, about
one-fifth of asymptomatic middle-aged women would
be more closely monitored for their cardiovascular risk
if abnormalities in the chronotropic index or functional
capacity were added to the FRS. A low functional capacity is
potentially reversible by physical activity programs aimed
to reduce cardiovascular risk.26,33,34,43,44 On the other hand, a
good functional capacity is indicative of better prognosis,
even in the presence of ischemia, elevated calcium score,
or anatomical coronary disease.34,45,46 Also, the finding of
a good functional capacity, can avoid the overvaluation
of eventual ST-segment depression and the subsequent
performance of unnecessary or even harmful exams.
In relation to the coronary calcium score and CIMT,
studies3,11,12 have shown that they add independent
prognostic information to the FRS. In the present study,
the increment in cardiovascular risk by the addition
of CIMT >1 mm and/or carotid plaque to the FRS was
lower than that observed with the addition of a carotid
calcium score >0. However, access to both tests may be
costly and not possible in clinical practice. In this case,
we consider the CIMT due to the higher feasibility and
lack of radiation exposure.

Cardiovascular risk reclassification

Among the strengths of the study, our study population
consisted of middle-aged women whose complaints may
go unmonitored and uninvestigated, despite the increase
in the prevalence and severity of cardiovascular diseases
in this group.3,4,40 Middle-aged women have relatively
low participation rates in clinical trials and scientific
guidelines.47,48 In addition, we analyzed variables that
are easily measured by exercise testing but not always
valued in clinical practice.21-23,49 It should be emphasized
that exercise testing is a widespread, low-cost method,
that does not involve radiation, with proven accuracy
in different populations, including asymptomatic
women.20,24,30 In this study, exercise testing was symptomlimited, rather than by maximal HR, which could have
underestimated functional capacity.29,30
In the present study, we evaluated whether the
addition of certain variables to the FRS would improve
risk classification in asymptomatic middle-aged
women, and propose that premature family history of
cardiovascular events should be the first factor to be
evaluated by clinicians in women classified at low or
intermediate risk based on the FRS. Then, after risk
reclassification, these women would undergo exercise
testing and carotid artery ultrasound for assessment
of markers of subclinical atherosclerosis, including the
CIMT, and calcium score testing. In each stage, stricter
recommendations for periodic follow-up and primary
prevention strategies are recommended to early identify
those women at higher risk of cardiovascular events.
This study was limited by its cross-sectional design,
and the absence of monitoring the effect of adding family
history, exercise testing parameters and subclinical
atherosclerosis markers on cardiovascular outcomes
of these women over time. However, the selection of
variables for risk reclassification was based on cohort
studies that evaluated severe outcomes such as death,
acute myocardial infarction, and stroke.3,11,16-18,26,29 It is also
worth noting that all variables used in the present study
to reclassify cardiovascular risk in asymptomatic middleaged women are currently recommended in national and
international guidelines as factors for consideration in
risk assessments.4,9,10,20

Conclusions
In asymptomatic middle-aged women, the study
revealed an increase of 3.0-29.7% in cardiovascular risk
estimated by the FRS with the addition of premature
family history of acute myocardial infarction and/or
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sudden death, mortality predictive factors assessed by
exercise testing, and subclinical atherosclerosis markers.
This enabled risk reclassification of women classified
as low or intermediate risk based on the FRS, and the
possibility for a more effective control and reduction
of the risk for cardiovascular events in this group of
asymptomatic women.
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Abstract
Background: Cardiovascular disease (CVD) comprises a group of cardiac and circulatory diseases. Despite the high
incidence in males, women after menopause have an exponential increase in the risk of CVD.
Objective: To identify the leading risk factors for CVD and describe quality of life and functionality in women
hospitalized for cardiac causes during the climacteric period.
Materials and methods: Observational descriptive study. Quality of life was assessed through the SF-36
questionnaire, and functionality through the Functional Independence Measurement (FIM) scale. Records were
used to identify the main risk factors associated with CVD in climacteric women.
Results: We included 30 patients (mean age, 55 ± 6 years). The mean FIM score was 118 ± 3, and the mean SF-36 score,
20 ± 10. Hypertension and sedentary lifestyle were the most prevalent cardiovascular risk factors in these women.
Conclusion: Hypertension and sedentary lifestyle were the most prevalent cardiovascular risk factors in this sample
of climacteric women hospitalized for cardiac causes. Quality of life was strongly affected, with social, emotional,
and mental health domains showing the most impact.
Keywords: Climacteric; Quality of life; Cardiovascular disease.

Introduction
Cardiovascular disease (CVD) is a major global
public health problem1 and the leading cause of death in
developed countries. Risk factors for CVD can be divided
into modifiable and non-modifiable. The modifiable
ones include dyslipidemia, smoking, hypertension,
diabetes mellitus, physical inactivity, and obesity.
The non‑modifiable ones are age, sex, and family history.2
Among the most prevalent cardiovascular diseases in
this population, patients with CVD, are heart failure (HF)
and coronary artery disease (CAD).3-6
The climacteric is defined as a biological phase of life,
not a pathological process, which comprises the changes
that occur between the reproductive and non‑reproductive
periods of a woman's life. This stage of the life cycle, which
can be divided into premenopausal, peri-menopausal, and

postmenopausal phases, predisposes women to a set of
signs and symptoms known as the climacteric syndrome. It
is also a risk factor for several conditions, including CVD.7
This increased risk is related to hormonal, circulatory and
blood changes that occur during the climacteric.8,9
CVD and its risk factors have a negative impact on quality
of life. Reductions in peripheral muscle endurance during
hospitalization has a negative impact on functionality,
resulting in increased care costs and reduced quality of life.
It is essential to avoid and mitigate loss of muscle conditioning
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as early as possible in hospitalized patients, as immobilization
or reduced weight support due to hospitalization can result
in neuromuscular, cardiovascular, respiratory, and cognitive
complications, impacting quality of life and persisting for up
to five years after hospital discharge.8
The aim of this study was to identify the main risk factors
for CVD and to describe quality of life and functionality
level in women hospitalized during the climacteric period.

Materials and Methods
This was an observational descriptive study conducted
at a cardiology referral hospital in the state of Bahia, Brazil.
The study was approved by the Research Ethics Committee
of Faculdade Nobre with opinion number 2.002.947.
All participants provided written informed consent.

Eligibility Criteria
The inclusion criteria were female sex, age >45 years, and
hospitalization for cardiac causes (such as acute myocardial
infarction, heart failure, or cardiac surgery). The exclusion
criteria were any factors that precluded completion of the
questionnaires, such as neurological disorders, mental
confusion, and preexisting cognitive limitations, as well
as refusal to provide informed consent. Participants were
recruited by convenience, with no sample size calculation.

Study Protocol
Patients who met the inclusion criteria and agree
to participate were evaluated during hospitalization.
The Medical Outcomes Study 36 - Item Short-Form
Health Survey (SF-36) questionnaire was administered
to assess quality of life, and the Functional Independence
Measurement (FIM) scale, to assess functionality.
In addition, we identified the main risk factors for CVD,
such as hypertension, diabetes mellitus, and dyslipidemia,
through a review of medical records. Participants were
considered physically inactive if they engaged in less
than 150 min/week of physical activity, as assessed by
the International Physical Activity Questionnaire (IPAQ).
Patients were further categorized as nonsmokers or smokers
(current or former). Those with a smoking cessation period
longer than one year were considered former smokers.

Measurement Instruments
The FIM assesses the individual’s degree of performance
on a set of 18 basic and instrumental tasks of daily living,

involving self-care, sphincter control, transfers, locomotion,
communication, and social cognition. The scale includes
motor (FIMm), cognitive (FIMc), and total (FIMt) domains.
Its total score ranges from 18 to 126; each item can be
rated from 1 to 7, with a value of 1 corresponding to total
dependence and a value of 7 corresponding to normal
performance of tasks in an independent manner.10
To assess the quality of life of the patients, the SF-36
questionnaire was applied. Numerous instruments can
be used for quality-of-life studies. The SF-36 is a generic,
easily administered, and understandable quality of life
assessment tool.11
The SF-36 consists of 36 items across 8 scales: physical
functioning (10 items), role limitations due to physical
aspects (4 items), bodily pain (2 items), general health
(5 items), energy/fatigue (4 items), social functioning
(2 items), role limitations due to emotional aspects
(3 items), and emotional well-being (5 items), which
assess both negative aspects of health (illness or disease)
as well as positive aspects (well-being). The questionnaire
was designed to study the quality of life of people with
more than one condition or to reflect the impact of a
disease on patients’ lives in diverse populations, and
to narrowly assess certain aspects of quality of life.
The questionnaire has a final score of zero to 100 points,
where zero corresponds to the worst and 100 to the best
perception of quality of life.

Statistical Analysis
A descriptive analysis of the data was performed in
SPSS 20.0. Data were expressed as means and standard
deviations or absolute and relative frequencies,
as appropriate.

Results
During the study period, 30 climacteric women,
all admitted to the study hospital for cardiac causes, were
enrolled in the sample. The mean age was 55 ± 6 years,
and the mean body mass index was 23 ± 3 kg/m2. Table 1
shows the reasons for admission and CVD risk factors
of the participants.
Table 2 presents the participants’ functional
independence and quality of life, as assessed by the FIM
and SF-36. The mean FIM score was 118 ± 3. The highest
mean SF-36 scores were found in the physical functioning
domain (75 ± 5), while the lowest occurred in the bodily
pain domain (20 ± 10).
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Table 1 – Clinical data of study participants
Variable

Total patients (n = 30)

Age (years)

55 ± 6

Body mass index (kg/m )
2

23 ± 3

Reason for admission
Cardiac surgery

15 (50%)

Acute myocardial infarction

9 (30%)

Heart failure

6 (20%)

Cardiovascular risk factors
Diabetes mellitus

13 (43%)

Hypertension

18 (60%)

Dyslipidemia

15 (50%)

Sedentary lifestyle

17 (57%)

Smoking

6 (20%)

Length of stay (days)

5±2

Table 2 – Functional independence and quality of life
of participants
Variable
Functional Independence
Measure

Mean ± standard deviation
118 ± 3

Quality of life
Physical functioning

75 ± 5

Role limitations, physical

70 ± 8

Bodily pain

20 ± 10

General health

70 ± 5

Energy/fatigue

60 ± 10

Social functioning

30 ± 5

Role limitations, emotional

40 ± 10

Emotional well-being

50 ± 12

Discussion
The present study found that, in a convenience sample
of climacteric women admitted to a cardiology referral
hospital, hypertension and physical inactivity were the
most prevalent risk factors for CVD.

Studies have shown that the prevalence of hypertension
increases gradually with age; in women, this process
occurs especially in the early postmenopausal phase.12
Some studies suggest that regular (daily) physical
activity has a positive effect on the endothelium and
may attenuate vasodilation, preserving nitric oxide
bioavailability and resulting in healthier natural aging
for women.13 In our sample, physical inactivity was
highly prevalent.
A key component of reducing modifiable risk factors
for CVD is to raise awareness of their potential for
harm. Nevertheless, most patients interviewed noted
that they were already aware of the risk factors, but did
not engage in physical activity or weight loss to reduce
these factors. Pursuing healthier lifestyles, engaging in
physical activity, smoking cessation, periodic control
of blood pressure, and nutritional counseling are
appropriate for proper weight maintenance and control
og blood glucose and cholesterol.
Half of the women surveyed had some type of
dyslipidemia. This finding reinforces the importance
of identifying and treating dyslipidemia during the
climacteric in order to reduce morbidity and mortality
rates in women.14
Compared to other studies, smoking was the most
frequently identified risk factor (one in two women
evaluated). This result is consistent with that found
by other studies within Brazil, but with a lower
prevalence than those reported. 15 Concern about
smoking is explained by the fact that nicotine,
by autonomic stimulation, promotes acceleration of
heart rate and spasm of arterial vessels, contributing
to hypertension.
During the climacteric, women go through a process
of gradual physiological transition due to decreased
estrogen, resulting in postmenopausal changes. 16
In addition to the typical disorders of this period,
women undergo other physiological changes that may
begin to emerge around age 40 and extend to age 70 in
rarer cases. Physical and/or emotional disorders may
arise in certain stages of the climacteric—feelings of
failure, aging, mood swings, and beauty—and affect
quality of life.17-20
One study reports that 50% to 70% of climacteric
women manifest somatic symptoms and emotional
difficulties. In addition, preexisting clinical
comorbidities, may explain many of these somatic
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and emotional complaints. 21 Another study showed
that when women were asked about comorbidities,
there was a significant prevalence of self-reported
hypertension—about 30% distributed across groups. 22
This corroborates the predominance of hypertension
in the present study.
Variations in steroid hormones and opioid peptides
during the climacteric period seem to interfere with
regulation of the hypothalamic thermoregulatory
sy st e m; t h is d ys fu nc tion , in turn, may favor
onset of the vasomotor symptoms of menopause.
Therefore, the more severe this dysfunction, the
worse the woman’s quality of life and possibility
of developing depressive episodes.23 It is therefore
understandable why the participants of the present
study scored poorly on the emotional domains of the
SF-36, with values considered low when compared to
the non-climacteric period.
The presence of any chronic disease was related
to a deterioration in quality of life in the emotional
well‑being and general health domains. It is believed
that the onset of illness directly affects quality of
life, and the higher the number of chronic diseases,
the worse the quality of life.24 According to the SF-36,
physical functioning reached an average score of 75 of
the interviewed patients, which indicates these women
did not experience a decrease in functional capacity
during the climacteric. However, they reported a
significant increase in bodily pain this period.
Given these risk factors, it is of great importance
to develop programs and strategies aimed at health
promotion, symptom relief, prevention, and control of
the most frequent cardiovascular diseases, seeking to
improve the quality of life of this population.
Among the limitations of the study, we can highlight
the lack of sample size calculation and the absence of
follow-up monitoring to verify patients’ outcomes.

Conclusion
Hypertension and sedentary lifestyle were the most
prevalent cardiovascular risk factors in this sample.
Quality of life was significantly affected, with social,
emotional, and mental health domains showing the
most impact.
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EDITORIAL

Climacteric Period and Cardiovascular risk: a Golden Opportunity to Watch and Succeed!
Catarina Sousa1
Centro Cardiovascular da Universidade de Lisboa (CCUL), Centro Académico de Medicina de Lisboa (CAML), Faculdade de Medicina da Universidade de
Lisboa1, Lisboa – Portugal
Editorial referring to the article: Cardiovascular Risk Factors, Functionality, and Quality of Life in Climacteric Women

The gradual loss of ovarian function with concomitant
decrease in estrogen levels, characteristic of the
climacteric period, leads to several metabolic changes and
symptoms. Significant effects on the health and quality
of life of women occur, and vasomotor symptoms during
this transitional period are almost universally recognized.
Among physical symptoms, hot flushes and night sweats
are very prevalent and may be very disturbing.
However, cardiovascular risk is frequently neglected
not only by these women, but surprisingly, also by part
of the medical community.1 Metabolic changes of the
climaterium are associated with increased risk of diabetes
mellitus, metabolic syndrome and cardiovascular
disease.2 Additionally, the rate of cardiovascular events
markedly increases after the age of 45. This is extremely
relevant, as cardiovascular disease is the single most
frequent cause of death among women.3
Scientific societies have played a crucial role in
promoting initiatives to increase awareness and to reduce
gender disparities regarding cardiovascular outcomes.4
Multidisciplinary action is required. Primary care
physicians, cardiologists and gynecologists should all
be actively involved in the care of women, particularly
during the climacteric period. Collaboration is essential
to allow for early identification of cardiovascular risk
factors that are amenable to interventions.
A consensus statement published in 2007 by European
cardiologists and gynecologists 2 summarized the
available evidence at the time regarding cardiovascular
risk among peri-menopausal women. The document
aimed at increasing global awareness and setting

Keywords

specific goals to reduce the burden of cardiovascular
diseases and improve overall management of this
population. Still, more than a decade later, cardiovascular
diseases are still a major cause of mortality and loss of
quality of life in these women. Additionally, patients’
acknowledgement of the disease risk and its impact
on their lives has received more and more attention in
the last decades.5 Patient reported outcome measures
(PROM) have emerged as important outcomes in disease
impact, specifically in the cardiovascular field and may
be particularly in climacteric women.
In this issue of the IJCS, a study by Chaves et al.6 presents
a descriptive analysis of a cohort of 30 women over 45 years
old hospitalized with cardiovascular disease, namely
heart failure, acute coronary syndrome or indication for
cardiac surgery. Besides the traditional characterization
of demographic data and cardiovascular risk factors of
this population, the authors applied two scores – the
Functional Independence Measurement (FIM) and the
Medical Outcome Study Questionnaire Short Form 36 (SF
36). FIM was initially used in rehabilitation hospitalized
patients and has been applied as a generic score to evaluate
functional performance.7 SF 368 assesses the health status
of patients and includes eight items: 1) limitations in
physical activities due to health problems; 2) limitations
in social activities due to physical or emotional problems;
3) role limitations due to emotional problems; 4) bodily
pain; 5) general mental health (psychological distress and
well-being); 6) role limitations due to emotional problems;
7) vitality (energy and fatigue); and 8) general health
perceptions. Arterial hypertension, dyslipidemia and
sedentary lifestyle were highly prevalent and affected at
least half of the patients. This group had a good perception
of their functional and physical capacity. On the other
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The Climacteric And Cardiovascular Risk Factors

hand, perception of social and emotional aspects as well
as mental health were diminished.
In fact, a high prevalence of cardiovascular risk
factors in this group is not surprising. Other studies have
reported similar findings.9,10 Blood pressure increases
with age due to vascular stiffening. A decrease in
vasorelaxation is observed with the decline in estrogen
levels in the post-menopause, in addition to an increase
in plasma renin activity. Sympathetic overactivity and
insulin resistance also occur, which further contributes
to increasing blood pressure and the emergence of
metabolic disorders.
Interestingly, despite the perception of preserved
functional and physical capacity, these women report a
low level of regular physical activity. Additionally, a low
sense of social, emotional, and mental status was noted.
During the climacteric period, weight gain and change
in fat distribution are frequent. Furthermore, vasomotor
symptoms are also more frequent in women who are
physically less active.11 Thus, in this particular period,
regular physical exercise can play a favourable effect
on body composition, body weight and bone mineral
density, counteracting the overall metabolic changes,
with a positive effect on the control of cardiovascular
risk factors. It is also crucial in the control of somatic

symptoms (probably overvalued by women when
compared to the awareness of identifying and controlling
cardiovascular risk factors) and improvement in the
quality of life and sense of well-being.
We might say that the sample was too small for further
associations. The authors could have gone further in
the analysis of other cardiovascular risk factors and
associations with other important physical variables,
such as waist circumference, heart rate, and blood
pressure. A more detailed description of the clinical
condition affecting the patient was also warranted.
“Cardiac surgery” is a very vague term, and the lack of
clinical follow-up, acknowledged by the authors, limits
the conclusions and applicability of this study, as no
inferential analysis was performed.
Nevertheless, this group represents the real-world
population of climacteric women, with a high prevalence
of cardiovascular risk factors and cardiac diseases.
In summary, this “natural” transitional phase in
women carries a high burden of cardiovascular risk and
diminished quality of life. Multidisciplinary programs are
needed to assist women during this transitional phase, in
terms of symptom control, management of cardiovascular
risk factors and emotional status, improving the quality
of life and ultimately their lifetime prognosis.
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Clinical Characteristics and Therapeutic Adherence of Women in a Referral Outpatient
Clinic for Severe Hypertension
Pedro Henrique Barletta,1 Eduardo Faria Soares de Magalhães,1 Vitor Fernandes de Almeida,1
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Abstract
Background: Cardiovascular disease is the main cause of death worldwide. There is a lack of studies addressing
this issue in women and its risk factors, such as hypertension.
Objective: To evaluate the clinical and therapeutic profile of women with hypertension and to determine which
factors are related to treatment adherence and blood pressure control.
Methods: Cross-sectional study of 181 hypertensive women treated at an outpatient referral clinic. Data were obtained
from medical records, face-to-face interviews, and physical examination, using a standardized form. Statistical
analysis was performed with prevalence ratio, chi-square and Student’s t test. Significance was accepted at p<0.05.
Results: Most patients were mixed-race or black (91.7%) and the mean age was 66.09 years. Only 44.2% of patients
had controlled blood pressure. The prevalence of stroke was 14.9%, whereas the prevalence of coronary artery
disease was 19.3%. The mean number of oral antihypertensive drugs prescribed to each individual was 3.41. A
history of stroke was more often found in patients with uncontrolled blood pressure (p=0.013) and in those using
three or more antihypertensives (p=0.023). Eighty patients (44.2%) had high treatment adherence. Depression was
more frequently reported by patients with poorer adherence to treatment (p=0.026).
Conclusion: Women with hypertension presented a high prevalence of cardiovascular risk factors and cardiovascular
events, including a significantly higher prevalence of stroke in those with uncontrolled hypertension. Self-reported
depression may help identify patients at risk of nonadherence to treatment.
Keywords: Women; Hypertension; Medication Adherence; Antihypertensive Agents; Blood Pressure.

Introduction
Cardiovascular disease (CVD) is the leading cause
of death worldwide. For many years, it was believed
that CVD was much more prevalent in men, probably
due to the lack of studies that addressed this issue
in women and their risk factors, according to their
biological particularities. 1 Cardiovascular risk factors
common to both genders have been identified.
However, some studies have shown that these factors
are associated with worse outcomes in women in
comparison to men. 2-4 In general, women usually
develop CVD 10 years later than men, so that the

prevalence of CVD increases in the postmenopausal
period, probably due to the decline in estrogen
hormone levels.5
There is little difference in the prevalence of arterial
hypertension between genders, but previous studies
have shown that women tend to receive less aggressive
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antihypertensive treatment than men. 6 This finding
may be related to therapeutic inertia in the approach
to women or poor adherence to antihypertensive
treatment, which may lead to increased cardiovascular
morbidity and mortality.7
Despite knowledge about gender differences in
arterial hypertension management and prevalence
of CVD, these relations are still insufficiently
understood, especially in the Brazilian population.
Given the lack of studies focused on the clinical
management of arterial hypertension in women, our
objective was to evaluate the clinical and therapeutic
profile of women followed at a referral outpatient
clinic for arterial hypertension and to determine
which factors were associated with treatment
adherence and blood pressure control.

Methods
This was a descriptive, cross-sectional study
carried out in an outpatient referral clinic for Severe
Hypertensive Cardiovascular Disease at a university
hospital in the city of Salvador, Bahia. The study
included a convenience sample of female patients with
a previous diagnosis of hypertension, aged 18 years or
older, followed at the aforementioned clinic, between
June 2018 and February 2020. Patients unable to respond
to the questionnaire were excluded.
Information was obtained by trained raters through
face-to-face interviews, physical examination, and a
review of medical records. A standard form approved
by the institution’s Research Ethics Committee was used.
All patients agreed to participate in the study and signed
a free and informed consent form.
Patients were referred to a treatment room, where
they were asked to remain seated and answered
questions on their life habits, medical history,
therapeutic scheme used, and adherence to the proposed
treatment. After a few minutes, blood pressure was
measured using a digital sphygmomanometer (BP785,
Omron Healthcare). The patients were instructed to
sit with their backs against the chair, feet uncrossed
and on the floor. They were also instructed to empty
their bladder before the measurement. There was
a minimum interval of 30 minutes between the
intake of caffeinated beverages and smoking and the
measurement, as well as 60 minutes between physical
exercise and blood pressure measurement.
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The arm was positioned extended, at the height
of the heart, and after palpation of the brachial
artery, the cuff was positioned 3 centimeters above
the cubital fossa. For obese patients, a suitable cuff
with a larger circumference was used (HEMCL24,
Omron Healthcare). The measurement was performed
in both arms, with an interval of at least 1 minute
between measurements. Of these two measurements,
the one with the highest mean arterial pressure [(2 x
diastolic blood pressure + systolic blood pressure) / 3]
was considered for the analysis.
Patients with uncontrolled blood pressure (BP) despite
the use of ≥ 3 antihypertensive drugs with synergistic
actions, at maximum recommended or tolerated doses, or
those with BP controlled only with ≥ 4 antihypertensive
drugs were considered to have apparent resistant
hypertension (RH).8 Uncontrolled hypertension was
defined as a systolic blood pressure ≥ 140 mmHg or
diastolic blood pressure ≥ 90 mmHg.8
To assess medication adherence, the 8-item Morisky
Medication Adherence Scale (MMAS-8) was used.
Individuals with scores of 8, 7 - 6 and ≤ 5 were classified
as having high, moderate, and low therapeutic adherence,
respectively. Patients who had high adherence were
considered adherent to treatment, while patients with
moderate and low adherence were classified as nonadherent.
Information about the pharmacological prescriptions
of each individual was obtained from medical records.
Serum potassium (K+) and serum creatinine (Cr) levels
were also obtained from medical records, to search for a
possible rationale for not using drugs known to induce
hyperkalemia. The presence of previous cardiovascular
events (such as stroke and acute myocardial infarction)
or comorbidities (heart failure, coronary artery disease,
diabetes, dyslipidemia) was defined by a positive
history reported by the participant and/or noted in the
medical record.
The glomerular filtration rate (GFR) was estimated
using the Chronic Kidney Disease Epidemiology
Collaboration group (CKD-EPI) equation.9 Renal function
was considered abnormal when GFR <60 mL/min.
Obesity was defined as a body mass index (BMI) greater
than 30 kg/m².
Depression was defined by a self-reported previous
medical diagnosis of major depression in need of
pharmacological antidepressant therapy. Sedentary
lifestyle was defined as self-reported physical inactivity
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or less than 150 minutes of physical activity per week.
Difficulty in replacing medications, alcohol use, and
smoking were all based on self-report.

Statistical Analysis
Statistical analysis was performed in SPSS, Version
23.0. Categorical variables were presented as absolute
and relative frequencies, while continuous variables
were presented as means and standard deviations (SD).
The relative frequencies were presented as valid percentages.
The chi‑square (χ²) statistic and prevalence ratio (PR) were
used to investigate associations. The Kolmogorov-Smirnov
test was used to certify the normality of the data distribution.
The comparison of means was performed using Student’s
t test for independent samples. The mean blood pressure
values obtained were compared with the target blood
pressure levels of 140/90 mmHg using the one-sample t test.
Statistical significance was established at p < 0.05, two-tailed.

Ethical Considerations
This study was approved by the Research Ethics
Committee of Hospital Universitário Professor Edgard
Santos, Universidade Federal da Bahia, on April 25, 2018.
In accordance with Brazilian National Health Council
Resolution No. 466/2012 on research involving human
beings, the study protocol was registered on the Plataforma
Brasil website (CAAE number 81701717.6.0000.0049). All
authors signed a data use agreement. The standardized
form used to collect patient information was approved
by the local institutional review board.

Results
The sample consisted of 181 patients. Of these, 103
(57.5%) self-identified as black, 63 (35.2%) as mixedrace, and 10 (5.6%) as white. The mean age of patients
was 66.09 years (± 10.44), with a minimum age of 39 and
maximum of 87 years. The mean systolic blood pressure
(SBP) was 146.93 (± 25.67) mmHg (p < 0.001). The mean
diastolic blood pressure (DBP) was 83.09 (± 13.45) mmHg
(p < 0.001). Table 1 presents the main comorbidities of
the patients.
Only 44.2% of patients had controlled blood pressure.
One hundred and ten (60.8%) were considered to have
apparent RH. Regarding therapeutic adherence, the
mean score on the MMAS-8 scale was 6.85 (± 1.52) points,
and the percentage of individuals with low therapeutic
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adherence was 13.8%; moderate adherence, 42.0%; and
high adherence, 44.2%.
Table 1 presents the PR values of the independent
variables in relation to blood pressure control. A history of
stroke was more often found in patients with uncontrolled
BP (p=0.013), who also took more antihypertensive drugs
in comparison to patients with controlled BP (p=0.023).
There was no statistical difference in the mean score on
the MMAS-8 scale between patients with and without a
previous stroke (6.67 vs 6.88, p=0.509), and no difference
in adherence was noted between the group of individuals
using 3 or more drugs and the group using fewer than 3
drugs (6.87 vs 6.75, p=0.654).
Regarding the medication profile (Table 2), the
mean number of oral antihypertensive drugs taken
by each individual was 3.41 (± 1.20). Antihypertensive
monotherapy was prescribed only to 2.2% of patients;
19.9% were taking two antihypertensive drugs; 35.4%
were taking three drugs, whereas the remaining 42.5%
of the patients were on four or more drugs. Twenty-four
patients (13.3%) had uncontrolled blood pressure despite
use of five or more antihypertensive drugs.
Considering only those patients with apparent RH,
71.56% of these individuals were on a therapeutic
regimen consisting of an angiotensin-converting
enzyme inhibitor (ACEI) or angiotensin II receptor
blocker (ARB) + diuretic + calcium channel blocker
(CCB). Among these individuals, considering those who
needed 4 or more antihypertensive drugs, a beta-blocker
was the most commonly prescribed fourth drug (63.6%),
whereas 58.2% of the patients took spironolactone. In
this same group of patients, the mean [K+] of those
who did not take spironolactone was 4.13 (± 0.55)
mmol/L, versus 4.51 (± 0.39) mmol/L in those who did,
a statistically significant difference (p=0.028). The mean
serum creatinine level among those who did not take
spironolactone and those who did was, respectively,
0.92 (± 0.20) mg/dL and 0.90 (± 0.24) mg/dL, with no
significant difference (p=0.857).
Patients who were on four or more antihypertensive
drugs had a higher prevalence of coronary artery disease
(CAD) (27.3% vs 13.5%, p=0.020), previous myocardial
infarction (MI) (20.8% vs 9.6, p=0.034), and heart failure
(HF) (19.7% vs 8.7%, p=0.033) in comparison to those who
took three or fewer antihypertensives.
Of the patients with uncontrolled blood pressure
despite the use of 5 or more antihypertensive drugs,
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Table 1 – Variables in relation to blood pressure control

Variable

Regarding to the
total sample

Controlled BP

Uncontrolled BP
PR

95%
confidence
interval

p-value

(n = 79)

(n = 101)

66.09 (± 10.44)

64.83 (± 10.09)

67.10 (± 10.66)

-

-

0.146

3.41 (± 1.20)

3.09 (± 1.12)

3.66 (± 1.20)

-

-

0.001

SBP (mmHg)

146.93 (± 25.67)

125.61 (± 11.34)

163.81 (± 20.80)

-

-

< 0.001

DBP (mmHg)

83.09 (± 13.45)

76.26 (± 8.83)

88.50 (± 14.03)

-

-

< 0.001

Years of follow-up at the
clinic

15.12 (± 8.89)

15.50 (± 9.90)

14.82 (± 8.06)

-

-

0.612

Years of schooling

7.93 (± 4.17)

8.15 (± 3.90)

7.75 (± 4.38)

-

-

0.526

24.50 (± 11.40)

23.84 (± 11.84)

25.05 (± 11.07)

-

-

0.486

African descent

166 (91.7%)

73 (91.3%)

93 (92.1%)

0.942

0.534 – 1.662

0.841

Obesity (BMI > 30 kg/m2)

73 (41.7%)

36 (45.6%)

37 (38.5%)

1.170

0.845 - 1.619

0.348

Sedentary lifestyle

85 (47.0%)

39 (48.8%)

46 (45.5%)

1.074

0.775 - 1.490

0.668

Difficulty in replacing
medications

31 (23.8%)

16 (28.1%)

15 (20.5%)

1.246

0.824 - 1.885

0.318

Alcoholism

38 (21%)

20 (25.0%)

18 (17.8%)

1.254

0.877 - 1.794

0.239

Current smoking

6 (3.3%)

4 (5.0%)

2 (2.0%)

1.535

0.850 - 2.771

0.260

On three or more
antihypertensives

141 (77.9%)

56 (70.0%)

85 (84.2%)

0.662

0.478 - 0.916

0.023

HF

24 (13.4%)

15 (18.8%)

9 (9.1%)

1.490

1.039 - 2.138

0.059

CAD

35 (19.3%)

13 (16.3%)

20 (21.8%)

0.809

0.508 - 1.289

0.349

CKD

27 (17.8%)

11 (15.7%)

16 (19.5%)

0.863

0.528 - 1.411

0.541

Diabetes

87 (48.1%)

36 (45.0%)

51 (50.5%)

0.884

0.635 - 1.230

0.462

Dyslipidemia

139 (77.7%)

65 (82.3%)

74 (74.0%)

1.336

0.845 - 2.112

0.187

Stroke

27 (14.9%)

6 (7.5%)

21 (20.8%)

0.462

0.224 - 0.954

0.013

Self-reported depression

41 (22.8%)

18 (22.8%)

23 (22.8%)

1.000

0.675 - 1.483

0.998

Age (years)
Number of drugs used

Years since diagnosis of
hypertension

Categorical variables were represented as n (valid %) and the p-values were obtained from the chi-square test;
Continuous variables were represented as mean (± SD) and the p-values were obtained from the Student’s t test;
BP: blood pressure; CAD: coronary artery disease; HF: heart failure; BMI: body mass index; CKD: chronic kidney disease; PR: prevalence ratio; SBP:
systolic blood pressure; DBP: diastolic blood pressure.

20.8% did not take spironolactone, and 54.2% did not
take the combination of chlortalidone and spironolactone.
Table 3 shows the PR values of the independent
variables and the comparison of the means of the
continuous variables in relation to treatment adherence.
Comparing the treatment-adherent group (MMAS-8 =
8) to the nonadherent group (MMAS-8 ≤ 7) revealed
that depression was more frequently reported by

patients with poorer adherence to treatment (p=0.026).
There was no statistically significant difference in mean
age, number of drugs taken, or mean pressure levels.
There was no significant impact of number of years of
follow-up at the clinic, education level, and time since
diagnosis of hypertension. There was no association
between high therapeutic adherence and blood pressure
control (p=0.653).
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Table 2 – Antihypertensive drugs and percentage of use in the sample
Percentage of individuals
using the drug

HTN

Apparent RH

(N=181)

(N=71)

(N= 110)

Thiazide diuretics

81.2%

73.3%

86.4%

Hydrochlorothiazide

54.1%

59.2%

50.9%

Chlortalidone

25.4%

11.3%

34.5%

Indapamide

1.7%

2.8%

0.9%

Spironolactone

28.2%

1.4%

45.5%

Furosemide

6.6%

1.4%

10.0%

ACEI/ARB

98.9%

98.6%

99.1%

Losartan

70.7%

71.8%

70.0%

Enalapril

23.2%

22.5%

23.6%

Captopril

0.6%

1.4%

0.0%

CCB

70.2%

52.1%

81.8%

Amlodipine

68%

50.7%

79.1%

Nifedipine

2.2%

1.4%

2.7%

Beta-blocker

36.5%

11.3%

52.7%

Carvedilol

18.8%

1.4%

30.0%

Atenolol

11.0%

5.6%

14.5%

Propranolol

3.9%

1.4%

5.5%

Metoprolol

3.3%

2.8%

3.6%

Direct vasodilators

5.5%

0.0%

9.1%

Central alpha-agonists

10.5%

0.0%

17.3%

Drugs

Other diuretics

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CCB: calcium channel blocker; HTN: arterial hypertension; RH:
resistant hypertension.

Discussion
This study analyzed the clinical characteristics
of 181 female hypertensive patients followed at an
outpatient referral clinic for severe hypertension. We
observed a high prevalence of concomitant risk factors
for CVD, including dyslipidemia (78%), diabetes
mellitus (48%), and obesity (42%), as previously
described in patients with RH. 10 However, we
found a lower prevalence of current smoking (3%),
probably reflecting sex differences in the prevalence of
traditional cardiovascular risk factors.11 In a previous
study involving hypertensive patients followed in

primary health care centers in Portugal (the PRECISE
study), the prevalence of cardiovascular comorbidities
in women was similar to that found in our sample,
especially for dyslipidemia, current smoking, and
obesity, in addition to similar rates of uncontrolled
hypertension.12 Thus, the frequency of cardiovascular
comorbidities in our sample was similar to that
described in other countries.
Considering cardiovascular events, we found a
significantly higher prevalence of stroke in patients
with uncontrolled hypertension, who also took more
antihypertensive drugs in comparison to patients
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Table 3 – Variables of interest and relation to therapeutic adherence
Adherent

Nonadherent

Variable

PR

95% confidence
interval

p-value

(n=80)

(n=101)

Age (years)

67.03 (± 8.97)

65.36 (± 11.47)

-

-

0.274

Number of drugs used

3.31 (± 1.12)

3.49 (± 1.25)

-

-

0.336

SBP (mmHg)

146.33 (± 25.35)

147.40 (± 26.03)

-

-

0.782

DBP (mmHg)

82.60 (± 12.20)

83.48 (± 14.40)

-

-

0.665

Years of follow-up at the clinic

14.99 (± 8.78)

15.21 (± 9.02)

-

-

0.872

Years of schooling

7.65 (± 3.95)

8.15 (± 4.34)

-

-

0.426

22.88 (± 10.00)

25.85 (± 12.33)

-

-

0.085

African descent

75 (93.8%)

91 (90.1%)

1.355

0.650 – 2.827

0.376

Self-reported depression

12 (15.0%)

29 (29.0%)

0.598

0.361 - 0.992

0.026

HF

8 (10.3%)

16 (15.8%)

0.738

0.408 - 1.334

0.277

CAD

15 (18.8%)

20 (19.8%)

0.963

0.630 - 1470

0.859

Obesity (BMI > 30 kg/m2)

38 (48.7%)

35 (36.1%)

1.327

0.957 - 1.841

0.092

CKD

16 (23.5%)

11 (13.1%)

1.425

0.979 - 2.074

0.094

Difficulty in replacing medications

10 (16.9%)

21 (29.6%)

0.652

0.377 - 1.127

0.093

Alcoholism

15 (18.8%)

23 (22.8%)

0.868

0.563 - 1.339

0.509

Diabetes

41 (51.2%)

46 (45.5%)

1.136

0.819 - 1.576

0.445

Dyslipidemia

62 (79.5%)

77 (76.2%)

1.115

0.731 - 1.701

0.605

Stroke

11 (13.8%)

16 (15.8%)

0.909

0.558 - 1.481

0.695

Controlled BP

37 (46.3%)

43 (42.6%)

1.086

0.783 – 1.507

0.621

Years since diagnosis of
hypertension

Categorical variables were represented as n (valid %) and the p-values were obtained from the chi-square test;
Continuous variables were represented as mean (± SD) and the p-values were obtained from the Student’s t test;
Patients with 8 points on the MMAS-8 scale were classified as adherent, whereas those scoring 7 points or less were classified as nonadherent.
CAD: coronary artery disease; HF: heart failure; BMI: body mass index; CKD: chronic kidney disease; PR: prevalence ratio; SBP: systolic blood pressure;
DBP: diastolic blood pressure; BP: blood pressure.

with controlled BP. Notably, the frequency of other
cardiovascular risk factors was similar in the two
subgroups, suggesting that inadequate BP control,
probably more than other risk factors, plays a pivotal role
in the development of stroke in patients with hypertension.
According to the literature, poor drug adherence
is a major cause of uncontrolled hypertension and
may lead to pseudo-resistance.13 In the present study,
44.2% of patients were considered highly adherent
to antihypertensive treatment, whereas 13.8% had
low adherence based on the MMAS-8 questionnaire.
Oliveira-Filho et al 14 reported a much lower proportion
of high adherence (19.7%) in 223 patients followed at

primary care units, and Morisky et al 15 found that only
15.9% of patients followed at a hypertension clinic had
high therapeutic adherence. The higher prevalence of
adherence observed in our study could be explained, at
least in part, by the fact that the patients were attending a
referral clinic, where more emphasis was possibly placed
on adherence. In addition, there is evidence that women
are more likely to be aware of hypertension16 and to make
better use of healthcare services than men,17 which could
increase their motivation to adhere to antihypertensive
treatment, even though a recent meta-analysis did not
find definitive evidence for this.18 Interestingly, high
therapeutic adherence did not relate to BP control in our
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study. This finding may suggest that a significant number
of patients were truly resistant to treatment.
In our sample, as in other studies,19 there was a high
prevalence of depression (23%) among women with
hypertension. Comorbid major depression is three
times more common in psychiatric outpatients with
hypertension than in those without hypertension, an
aspect that may be aggravated by sex differences, since
depression is twice as prevalent in women as in men.20,21
Furthermore, depressive symptoms may be related to a
decline in medication adherence among hypertensive
patients, a finding also observed in our study and
consistent with the literature. 22,23 In fact, depressive
symptoms are associated with reduced functioning
and may also mediate the patient’s self-perception
of performing a specific activity (expectation of selfefficacy), leading the individual to make less effort to
follow the prescribed recommendations and amplifying
possible obstacles to medication adherence. 23,24 In
addition, in a previous study involving patients with
depressive disorder and low social support, women
of African descent (which in our sample represented
almost 95% of the patients) were less likely to adhere to
depression treatment when compared to white males
and females.25 This finding may possibly indicate a low
therapeutic adherence for other clinical comorbidities,
such as hypertension.
In this regard, due to the high prevalence of comorbid
depression in hypertension and its clinical implications
for therapeutic adherence, it is important to reinforce
the importance of recognition and screening of mood
disorders in hypertensive patients, especially in women
of African descent.
Regarding drug therapy regimens, we found
that diuretics were the most commonly prescribed
medications, followed by ARB and CCB. These results
corroborate the findings of a previous meta-analysis,
which observed that women more frequently used
diuretics for treatment of hypertension, whereas men
more often used beta-blockers, ACEI, and CCB.26 A
possible explanation for the preference of diuretics may
be the side effects of some hypertensive medications,
which affect women more often than men. Indeed,
women experience a higher frequency of dry cough
when taking ACEI, in addition to a higher incidence of
edema and vasodilatation symptoms with CCB compared
to men.27,28 Despite these differences in therapeutic
profile between genders, there is no evidence that blood
pressure-lowering regimens (based on ACEI, CCB, ARB,
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or diuretics/beta-blockers) provide different levels of
protection against major cardiovascular events in men
and women.29
As recommended in the literature,8 we observed that
a large proportion of patients with apparent RH used the
combination of a thiazide diuretic, a long-acting CCB,
and a renin-angiotensin system blocker, which is the
preferable regimen for resistant hypertension. Moreover,
the addition of spironolactone was observed in most
patients who needed four or more antihypertensive
drugs. This represents a significant increase in the
number of spironolactone prescriptions compared to
previous studies,30 probably reflecting the increasing
recognition of its efficacy in RH as documented by
several reports, particularly the PATHWAY-2 trial.31
Nevertheless, the most common addition to the triple
ACEI/ARB + diuretic + CCB regimen was a beta-blocker
(63.6%), which could be justified by the high prevalence
of CAD, previous MI, and HF in these patients.
On the other hand, only one-fourth of the women
were on chlortalidone, despite recommendations in the
literature supporting its use, especially in RH.32 This is
probably due to the fact that the study was conducted
at a public clinic and chlortalidone is not covered by the
Brazilian public health system. This also raises concerns
about the prevalence of refractory hypertension, given
the current definition of this phenotype, which requires
the inclusion of spironolactone and a long-acting
thiazide-like diuretic, such as chlorthalidone, in the
therapeutic regimen.8,33 Among the 24 patients with
uncontrolled blood pressure despite the use of 5 or more
antihypertensive drugs, only 11 (45.8%) were receiving
the combination of spironolactone and chlorthalidone
and could possibly meet the criteria for refractory
hypertension. Future studies will need to clarify how
the prevalence of refractory hypertension changes with
the implementation of diuretic optimization in a higher
proportion of patients.
Our study has some limitations. First, its crosssectional design precludes causal inference between
the associations found. Second, we used the MMAS-8
questionnaire to assess therapeutic adherence, which,
despite being widely used, has limited accuracy in
detecting nonadherence.34 Third, we could not exclude
the white-coat effect as a cause of pseudo-resistance in
some patients. However, these patients were followed
at a specialized hypertension clinic with a mean followup greater than 10 years, which could minimize the
prevalence of pseudo-resistance in this population.
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Another point is that, despite current recommendations
for BP measurement,8 we did not use the average of two
measurements obtained in the arm with the highest
BP levels as the reference value for the patient’s BP.
Instead, two measurements were performed, one in
each arm, and the measurement with the highest mean
arterial pressure was considered for analysis. Finally,
the assessment of depression was based exclusively on
patient self-report, with no specific instrument being
applied for the diagnosis or measurement of the intensity
of depressive symptoms.
Despite these limitations, our study also has strengths.
To our knowledge, few studies were conducted with the
aim of evaluating the clinical and therapeutic profile of
hypertension exclusively in women in Brazil. Finally,
the present study involved a sample of predominantly
African descent, thus contributing to improved
knowledge of the presentation and management of
hypertension in this population.

Conclusions
In conclusion, in a sample of women with hypertension,
we found a high prevalence of comorbid cardiovascular
risk factors and previous cardiovascular events. Stroke
was more often found in women with uncontrolled blood
pressure levels, even though these patients were on more
antihypertensive drugs, and self-reported depression
was significantly associated with nonadherence. The
therapeutic profile revealed that most patients were on
three or more antihypertensive drugs; however, very
few of them were taking a long-acting thiazide-like
diuretic for resistant hypertension. Taken together, our
findings reinforce the importance of conducting studies
exclusively with women with hypertension in order to
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improve treatment adherence, blood pressure control,
and clinical outcomes in this specific population.
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Blood pressure control is the greatest challenge in
the treatment of hypertension.1,2 The control rate varies
from 10% to 32% among continents, and it is related to
the development level of each country, with averages
ranging from 27% in low- and middle-income countries
to 51% in high-income countries.1 In Brazil, the rates of
awareness (22% – 77%), treatment (11% – 78%), and blood
pressure control (10% – 36%) also vary depending on
the population studied.3 Clinical inertia, inappropriate
lifestyle, and poor therapeutic adherence are the main
reasons for difficulty in reaching the therapeutic target.
Several factors affect adherence to treatment, including
sociodemographic factors, as well as factors related to
patients, drug treatment, and healthcare providers.2,4 The
main sociodemographic factors are age (younger and
very elderly patients), poverty, ethnicity (minorities),
and lack of social support. Few studies have assessed the
difference in adherence between men and women, and
they present controversial results.5
Regarding patient-related factors, denial of a
silent disease such as hypertension and difficulty in
understanding its severity and effectiveness of treatment
for an asymptomatic condition are decisive to adherence.
The emergence of symptoms as side effects of antihypertensive drugs may reduce adherence even more.2,4,5
Considering drug treatment, we know that the chronic
use of medication leads to a progressive decrease in
adherence, with reports showing that less than half of
patients continue using medication regularly after a year
of treatment.4 Furthermore, the high number of drugs
and complex therapeutic schemes make comprehension
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difficult and increase costs. In this sense, patients with
resistant hypertension – those using three or more antihypertensive drugs, in addition to specific medication
for comorbidities such as dyslipidemia and diabetes
– deserve special attention, and they require constant
adherence monitoring to avoid pseudo-resistance. 6
In a recent systematic review assessing 24 studies on
patients with resistant hypertension, the prevalence of
non-adherence was 31.2% (95% confidence interval =
20.2 – 44.7, I = 99.50), ranging from 3.3% to 86.1%.7 This
variation was directly related to the method used to
evaluate adherence. Subjective self-report questionnaires
show higher adherence than more objective methods.7
The main variables associated with poor adherence
among patients with resistant hypertension are female
sex, physical inactivity, depressive symptoms, and
history of coronary disease.8
Barletta et al. assessed 181 women with hypertension,
60.8% of whom were diagnosed with apparent resistant
hypertension. The study found that 44.2% of patients
had appropriate blood pressure control based on office
measurement. Adherence was evaluated using the 8-item
Morisky Medication Adherence Scale (MMAS-8), which
showed that 13.8% had low adherence, 42.0%, moderate
adherence, and 44.2%, high adherence. The variable
independently related to low adherence was depression.9
A systematic review and meta-analysis including 28
studies that also evaluated adherence using MMAS8 found a 45% prevalence of non-adherence, with a
risk 1.3 times higher among men.10 This high rate of
blood pressure control associated with moderate/high
adherence (higher than 80%) is probably due to the
follow-up of patients in a specialized hypertension care
clinic. It is also the result of a subjective evaluation method
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of adherence and especially the female population of the
study, usually more focused on self-care.
While several subjective and objective evaluation
methods of therapeutic adherence exist, none of
them are considered the gold standard. Therefore,
this assessment is a complex task that is difficult to
quantify.2 Furthermore, it is difficult to establish a cutoff point for good adherence that is able to guarantee
the benefits of anti-hypertensive treatment.4 Among
direct methods, there are blood or urine drug level
measurements and digital medicines (ingestible sensors
incorporated in the pill during the manufacturing
process that generate a coded message after pill
ingestion). Both are high-cost options, and they may
be affected by biological factors.2,4 Indirect methods
include self-reporting scales, doctors’ impressions,
evaluation of clinical response, and manual counting
of pills. All methods have low sensitivity and are
susceptible to errors. There are also electronic devices
to monitor the use of drugs. Although they are very
accurate, this is also a high-cost alternative.2,4

Thus, it is essential to develop strategies capable
of promoting better therapeutic adherence, with
the goal of an effective reduction in cardiovascular
morbimortality through blood pressure control.
These strategies should focus on the patient, the drug
treatment, and healthcare providers.2
Healthcare education to develop awareness, self-care
promotion, family and social support, and home blood
pressure monitoring are some of the actions that may
be taken to increase adherence. Recent studies have
been using telemonitoring, although this method is still
expensive and difficult to access.2,4 Other actions include
the prescription of less complex therapeutic schemes,
with long-acting drugs (reducing the number of daily
pills) with fewer side effects, the combination of drugs
in a single pill, and increased access to drugs through
public policies for the distribution of free or low-cost
medication. Furthermore, it is necessary to encourage
the creation of multidisciplinary teams that are capable of
guiding, prescribing, monitoring, and proposing effective
changes in lifestyle and self-care.
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Abstract
Background: Sex-specific pathology of coronary artery disease (CAD) has not been recognized. Women with
obstructive or nonobstructive CAD associated with traditional risk factors have similar events; no studies have
explored both populations in association with genetic markers.
Objective: To evaluate the DD genotype in overweight menopausal women and its association with CAD and
traditional risk factors.
Method: This cross-sectional study included 356 menopausal women who underwent coronary angiography as
CAD assessment. The patients’ DNA was extracted and polymorphisms were detected with a single polymerase
chain reaction assay. Two groups were formed based on luminal lesions (normal [n = 134] or pathological [n = 222])
with a cutoff value > 30%, considering overweight and age. The chi-square test, Student’s t-test, and multivariate
logistic regression were performed as appropriate (p < 0.05) using the following variables: overweight, diabetes,
hypertension, dyslipidemia, smoking status, sedentary lifestyle, and a family history of CAD.
Results: The mean age of the sample was 63 + 8 years, and the mean BMI was 28 + 5 kg/m2. The DD genotype was
slightly more prevalent in the pathological group (30.2% vs. 21.6%, p = 0.079), but this significantly changed when
BMI > 25 was considered (33% vs. 18%, p = 0.012). In multivariate analysis with two threshold levels (> 50 and > 60
years), diabetes was significantly associated with CAD in both models (p = 0.021 vs. 0.009) but the genotype was
only associated with younger age (p = 0.034).
Conclusion: These data support an association between atherosclerosis and the renin–angiotensin system in
overweight menopausal women that is dependent on the age at which the ischemic event occurs.
Keywords: Overweight; Menopause; Coronary Artery Disease; Genetic Markers; DD Genotype.

Introduction
Menopause, a unique physiological stage that occurs
in middle-aged women, involves important metabolic
changes. One of these changes is an increase in low-density
lipoprotein levels, which is sometimes associated with age
at menopause onset.1 In addition, lipid profile changes are
strongly associated with coronary artery disease (CAD)
in these women. This alteration has sometimes been
attributed to the effects of hormone replacement on lowdensity lipoprotein particles.2 Studies have emphasized

that although estrogen therapy increases the levels of
high-density lipoprotein and its components,4 individual
variability, which depends on allelic variants of the
estrogen receptor gene, is also a factor.3 A publication
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by the Women’s Health Group recommends limiting
hormone replacement therapy in menopausal women
due to the higher relative risk of CAD in a population
that already had a high rate of CAD prior to enrolment.5

Considering this scenario, a better diagnostic method for
classifying CAD risk is necessary. Based on existing evidence,
the DD genotype increases the risk of CAD in younger
individuals.15 Moreover, a metabolic transition threshold is
observed during the menopausal age.16 We suggest that the
polymorphism in this special condition, along with related
factors, could be involved in atherosclerosis and can be
evaluated using coronary angiography.

Recent studies have also investigated the role of
adipose tissue, specifically its molecular mediators (eg,
adipocytokines) in menopausal women.6 Of note, obesity is
common in menopausal women and increases inflammatory
cytokine levels, integrating metabolic and inflammatory
responses.7 One of these concepts is derived from an
observed association between the blockade of AT1 receptors
and adiponectin expression.8 Low levels of adiponectin
are associated with higher levels of interleukin-6,9 a
molecule that is involved in atherosclerosis.10 In addition,
AT1 receptors in circulating macrophages play a role in
angiotensin II-mediated cytokine production.11

Materials and Methods
This was a retrospective, observational, analytic crosssectional cohort single-center study (at the Heart Institute,
University of São Paulo). Participants were selected from
a database of 1449 patients during 2001 to 2003, (only one
investigator was present at upon patient arrival for coronary
angiogram and his availability depended on institutional
hours). The investigator was available approximately 70%
of the time at the hemodynamic laboratory to perform the
optional coronary angiogram for the patients. Thus, a mixed
sample design was selected to produce a representative
sample and to surpass the minimum required sample size,
using purposeful random sampling (random cases were
selected from the sampling frame, alternating morning
and afternoon tests), criterion sampling (only patients with
suspected or proven CAD), and convenience sampling
(in the chosen setting, groups and/or individuals who
are conveniently available and willing to participate) as
previously described.17 From this database we selected
583 female patients, whose mean age was 63 + 8 years
(Table 1). The sample’s clinical characteristics included the

There is a 287-base pair insertion/deletion
polymorphism in the angiotensin-converting enzyme
gene in intron 16, resulting in three genotypes; II, ID
and DD. The latter is a linkage marker with therapeutic
implications in cardiovascular disease.12
Clinically, the DD genotype has already been associated
with endothelial dysfunction in postmenopausal
women,13 as well as with CAD. Amara et al,14 found a
significant prevalence of the DD genotype in a population
with symptomatic CAD (odds ratio [OR] = 6.8, 95%
confidence interval [CI]: 4.4–10, p < 0.001). The risk was
greatly potentiated by several concomitant risk factors
(smoking, diabetes, hypertension, dyslipidemia, and
family history of CAD).

Table 1 – Population characteristics
General (356)

Normal (134)

vs. Pathological (222)

p-value

Age (years)

63+8

61+8

65+8

<0.001

BMI (Kg/m2)

28+5

29+5.8

27+4.9

0.008

DM

128 (36%)

34(26.6%)

94(73.4%)

0.001

HT

288 (81%)

102(35.4%)

186(64.6%)

0.075

DLP

213 (59.8%)

76(35.7%)

137(64.3%)

0.352

SM

87 (24.4%)

32(36.8%)

55 (63.2%)

0.849

CAD hist.

255 (71.6%)

96 (37.6%)

159 (62.4%)

0.997

96 (27%)

29(30.2%)

67(69.8%)

0.079

DD genotype

BMI: Body Mass Index, DM: Diabetes, HT: Hypertension, DLP: Dyslipidemia, SM: smoking,CAD hist: family history of Coronary Artery Disease,
first-degree relative <65 years. Continuous variables are expressed as mean and standard deviation, nominal variables are expressed as absolute value
and percentage.
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following variables: age, menopause (permanent cessation
of ovulation) for at least 1 year.
Hypertension was defined as having been prescribed
anti-hypertensive medications or blood pressure exceeding
140/90 mmHg. Diabetes was defined as hemoglobin a A1c
value > 6.5% or fasting plasma glucose > 126 mg/dl and/or
the use of insulin or oral hypoglycemic agents. Dyslipidemia
was defined according to laboratory results (total cholesterol
> 200 mg/dl, low-density lipoprotein cholesterol > 130
mg/dl, high-density lipoprotein cholesterol < 40 mg/dl,
triglycerides > 150 mg/dl and/or hypolipidemic agent use),
sedentary lifestyle, and a first-degree family history of CAD
(< 65 years). Smoking was defined as daily or occasional selfreported cigarette consumption without having quit in the
last year. Weight and height were assessed to determine
body mass index (BMI), expressed as kg/m2 (Table 1).
A BMI > 25 Kg/m2 was considered overweight.

Inclusion criteria
All patients underwent coronary catheterization to
determine the presence of CAD, in addition to considering
the presence of angina pectoris or the results of one
of the following positive noninvasive tests: treadmill,
echocardiogram with dobutamine, or cardiac scintigraphy.
Some patients were asymptomatic, while others had
adverse events such as unstable angina or myocardial
infarction without previous coronary angiography.
To be included, a patient had to provide all clinical data
regarding the study variables (anthropometric measures
and risk factors) and written informed consent prior to the
coronary angiogram.

Exclusion criteria
Patients were excluded if they had previously
undergone coronary angiography due to an ischemic
event or if they were admitted to the hospital in an
unstable condition.

Genotyping
An 8-mL peripheral blood sample was taken from
each patient. The sample was stored in a tube containing
ethylenediaminetetraacetic acid, and the DNA was
obtained through the saline method. A polymerase
chain reaction assay was performed to amplify the
selected strain, using two primer kits for the insertion/
deletion polymorphism of the angiotensin-converting
enzyme gene (including an intronic pair), as described

DD genotype and atherosclerosis in women

elsewhere. This was considered a post-hoc analysis from
a previous study.18
Twenty coronary segments were examined to
determine the presence of atherosclerosis. Epicardial
vessels or main branches were divided into three
segments (proximal, medial, and distal), except for
secondary branches of the right coronary artery, which
were divided into proximal and distal portions; this
special classification was part of a previous study.18
Patients were divided into two groups: those with
and without lesions (ie, normal vs. pathological
angiogram). A cutoff value of > 30% obstruction was
established. The coronary angiogram threshold was
considered non-significant from the point of view
of obstructive angiography, but it established the
presence of atherosclerosis. This cutoff value was
derived from the Assessing Angiography Project as
a lower range in visual assessment.19 We also divided
the population into groups according to BMI > or < 25
kg/m2 and the presence or absence of CAD.
For logistic analysis, age was dichotomized as > 50
years or > 60 years, since: (1) studies have reported
that the mean age of menopause onset ranges from
49–52 years,20 and (2) the World Health Organization
describes those aged ≥ 60 years as older adults.
This study was approved by the institutional
ethics and research committee and was conducted
in accordance with the most recent Declaration of
Helsinki and World Medical Association guidelines.
All patients provided written informed consent prior
to participation. The study protocol did not interfere
with any medical treatment and/or recommendations
or other institutional protocols.

Statistical analyses
The sample size was calculated considering two
groups for regression analysis and a power of 95%. A
minimum of 119 patients were required for each group
and a total of 234 cases. We used the KolmogorovSmirnov test to assess data normality. Continuous
variables were expressed as means and standard
deviations and categorical variables as absolute
values and percentages. To assess the difference
between the groups, we used the chi-square test to
determine the frequency of the angiotensin-converting
enzyme genotype and alleles and to determine the
association between gene polymorphisms and normal
and pathological angiograms. The chi-square test
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was also used to compare the proportions of classic
cardiovascular risk factors between the groups. An
unpaired t-test was used to determine the differences
in continuous variables between the groups at
baseline. The OR of a pathological coronary angiogram
was determined using dichotomized risk factors,
including the DD genotype, as independent predictors.
Multivariate logistic regression analysis was performed
in three different settings (the whole population and
for two age ranges, > 50 and 60 years). P-values < 0.05
were considered significant. All tests were two-tailed.
The data were analyzed using SPSS version 23 (SPSS,
Chicago Illinois) and G*Power version 3.1.9.7 (Heinrich
Heine University, Düsseldorf, Germany).

Results
Ninety-five patients were excluded due to previous
bypass surgery or angioplasty, and another 129 were
excluded because they were non-menopausal at
enrolment. As a result, 356 patients were included
in the study (Figure 1). The mean age of those in
the pathological groups was significantly older but
they had lower BMI values (Table 1). In both groups,
non-significant associations were found between a
pathological angiogram and hypertension, dyslipidemia,
smoking, a family history of CAD, and the DD genotype.

Figure 1 – Flow diagram of the study population

However, a pathological angiogram was also associated
with older age, diabetes, and BMI (Table 1).

Frequency of alleles and genotypes
The relative frequencies of II, ID, and DD genotypes
were 21.3%, 50.4%, and 28.3%, respectively. The
allele frequencies were 46.5% and 53.5% for inserted
and deleted alleles, respectively. These results were
consistent with the Hardy–Weinberg equilibrium.

Body mass index and DD genotype
There was a high prevalence of overweight patients
(BMI > 25 kg/m2) in this population (n = 244, 68.5%), and
61.5% had a pathological angiogram (n=150). Similarly,
64.3% of patients in the BMI < 25 kg/m2 group had a
pathological angiogram, which was a non-significant
difference (p = 0.611). There was a higher prevalence
of the DD genotype in the pathological group (30.2%)
than the normal group (21.6%), but this was also nonsignificant (Figure 2). However, among menopausal
with with a BMI > 25 kg/m2, DD genotype frequency
was significantly higher in the pathological group
(34%) than the normal group (19.1%), (Figure 3).
Postmenopausal cardiovascular disease has two
changing factors regarding the DD genotype. First,
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Figure 2 – DD genotype and angiogram status in menopausal women. Values expressed as percentages, p=0.079

Figure 3 – DD genotype and angiogram status in menopausal women with BMI > 25. Values expressed as percentages, p=0.012

according to univariate analysis, there was an association

only associated with the younger age range (Table 2). For

between a pathological angiogram and age (p < 0.001),

women with a lower BMI, pathology was associated with

diabetes (p = 0.009), and DD genotype (p = 0.012) in

age, diabetes, and hypertension. In a multivariate analysis,

postmenopausal women with a BMI > 25 kg/m2. The

only age was significant (p = 0.037) (data not shown).

remaining variables were not associated with pathology,

Age was significantly associated with coronary lesions

although they were included in the logistic model (Table 2).

in the overall population, but when divided by age, the

In overweight women, diabetes was associated with

association was not observed in the younger group (>

pathology in both age ranges, but the DD genotype was

50 years, p = 0.345; > 60 years, p = 0.057). However, age
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Table 2 – The relationship between angiogram lesion and cardiovascular risk factors in menopausal overweight women
95%CI
*

B

SD

Wald

p-value

Exp(B)
Inferior

Superior

M50

0.526

0.489

1.157

0.282

1.692

0.649

4.410

DM

0.666

0.288

5.358

0.021

1.946

1.107

3.418

HT

0.023

0.380

0.004

0.951

1.023

0.486

2.156

DLP

0.139

0.283

0.240

0.624

1.149

0.660

2.001

SM

-0.187

0.338

0.308

0.579

0.829

0.428

1.607

Sedentary

-0.545

0.849

0.412

0.521

0.580

0.110

3.061

DD

0.680

0.320

4.517

0.034

1.975

1.054

3.699

B

SD

Wald

p-value

Exp(B)

M60

0.842

0.288

8.531

0.003

DM

0.768

0.296

6.747

HT

-0.062

0.391

DLP

0.148

SM

**

95%CI
Inferior

Superior

2.322

1.319

4.088

0.009

2.157

1.208

3.854

0.025

0.874

0.940

0.437

2.022

0.287

0.265

0.607

1.159

0.660

2.035

-0.118

0.344

0.118

0.731

0.888

0.453

1.742

Sedentary

-0.702

0.877

0.641

0.423

0.496

0.089

2.762

DD

0.621

0.326

3.622

0.057

1.861

0.982

3.529

M50: >50 years, M60: >60 years, HT: Hypertension, DM: Diabetes Mellitus, DLP: Dislipidemia, SM: Smoking. DD: presence of the DD genotype
vs. II+ID, B: Beta coefficient, SD: standard deviation, Exp(B): Beta exponential, 95%CI: 95% confidence interval * and ** include tables for BMI>25
depending on age category.

was associated with pathology in older women when
evaluating the overall population. Those > 60 years had
a higher risk of CAD (OR: 2.296, 95% CI: 1.296–4.068) and
diabetes (OR: 2.141, 95% CI: 1.198–3.824).
There was a weak association between DD genotype
and pathology in the overall population (p = 0.071),
as well as in women > 60 years. However, there was
a significant association between DD genotype and
pathology in younger overweight patients. According to
the regression analysis, there was a significant association
between pathology, BMI < 25, and age (p = 0.037) but not
for the remaining variables, including the DD genotype
and diabetes (data not shown).
In a complementary analysis in which the traditional
cutoff value of 50% luminal obstruction was used
to define a pathological angiogram, the prevalence
was 68.6%. Regression analysis revealed a significant

association between diabetes and vessel obstruction
in overweight women (p = 0.002 for > 50 years and p
= 0.001 for > 60 years), but there were no significant
associations with any of the other variables, including
the DD genotype (data not shown).

Discussion
The pathways by which estrogen interacts with the
cardiovascular system are not fully understood. Some
experimental data on gene expression indicate that 17-B
estradiol causes the downregulation of AT1 receptor
mRNA.21 Other studies report that estrogen interferes
with neointima formation, attenuating AT1 receptormediated activation of extracellular signal-regulated
kinases and c-fos expression, thereby inhibiting vascular
smooth muscle cell proliferation, an important step in
atherosclerosis.22
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Hypothetically, the more activated renin–angiotensin
system in the DD genotype could be minimized
with adequate estrogen levels until a follicular agedependent deficit is observed. At that time, hormoneassociated metabolic changes in the lipid profile promote
the deposition of cholesterol, and there is a greater
availability of low-density lipoprotein particles associated
with angiotensin II throughout the LOX-1 receptor.23
Furthermore, in women on hormone replacement therapy,
it has been shown that estrogen has lower levels of
monocyte chemoattractant protein-1, which is involved
in the progression of atherosclerosis by increasing
both the number of macrophages and oxidized lipid
accumulation in vessel walls. Other factors could also
contribute to the risk of postmenopausal cardiovascular
disease, one of which is obesity. In the current COVID-19
pandemic, the treatment and prevention of cardiovascular
disease is receiving much attention, principally because
it involves pathways that contribute to atherosclerosis.24
Obesity has also been associated with the polymorphism
of angiotensin, and ethnic differences might affect this
association. In a meta-analysis of 14 studies, the DD
genotype was a risk factor for obesity.25 Differences
were found between the DD and DI + II genotypes, at
least among Africans, although three populations were
evaluated (Asians, Caucasians, and Africans).
As expected, the authors of the review found an
association between classic risk factors, hypertension, and
diabetes in the univariate and multivariate analyses. In our
multivariate analysis, the independent variables were age
and diabetes; the latter was maintained in the three models
only among patients with BMI > 25 kg/m2.
Certain factors must be considered when determining
atherosclerosis with a coronary angiogram. Mild luminal
irregularities in angiography are associated with a higher
disease burden and greater high-risk plaque density
than when more accurate methods, such as intravascular
ultrasound, are used.26 Furthermore, nonobstructive
coronary artery disease is becoming more common in
women, and its risk of major adverse events is similar
to obstructive CAD.27 Thus, studying patients with
obstructive lesions as well as those with lesser plaque
obstruction is justifiable. Considering the disease as a
continuum, it was important to compare patients with
some degree of atherosclerotic lesion who required clinical
or noninvasive assessment to diagnose coronary ischemia
and to use a lower limit than the routine threshold of
50% in traditional angiography.28 Moreover, through
vascular remodeling, plaque can frequently modulate

DD genotype and atherosclerosis in women

the vascular bed without reducing vessel volume. 29
Thus, atherosclerotic plaque could be underestimated in
a routine coronary angiogram, and using the standard
threshold of 50% could complicate the prediction of clinical
outcomes.
Finally, apart from the expressive association between
diabetes and CAD,30 the incidence of postmenopausal
cardiovascular disease appears to be strongly associated
with two independent factors when evaluating the DD
genotype: younger age (> 50 years) at first ischemic event,
followed by weight (BMI > 25 kg/m2). Both of these results
should be explored in the angiotensin system in future
studies.

Study limitations
Since this was a cross-sectional study, future
outcomes, such as new coronary events (myocardial
infarction or stable/unstable angina), cannot be predicted.
Additionally the sample could have been larger if routine
DNA testing had been performed for every patient who
required a coronary angiogram for their first coronary
event, which might be possible in other institutions
around the world.

Potential clinical value
It is anticipated that genetic information will become
increasingly available for postmenopausal patients. It is
important to identify examples in which the evidence
is sufficiently robust and predictive to allow genetic
information to guide clinical decisions and formulate
preventive guidelines for CAD.

Conclusion
These data support an association between
atherosclerosis and the renin–angiotensin system in a
hypoestrogenic environment, which is intensified in
overweight women. This association is dependent on the
age at which the ischemic event is diagnosed.
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Abstract
Background: The implementation of intensive therapy protocols increases the probability of adverse events in
patients with breast cancer (BC). Components of metabolic syndrome (MS) are among these events.
Objective: To verify the prevalence of MS and cardiovascular disease (CVD) risk in female BC survivors.
Materials and Methods: This is a descriptive, observational, cross-sectional study. Our sample comprised 60 women
without BC (G1) and 60 women who had survived BC (G2). We collected sociodemographic, anthropometric, tumor,
and clinical data. After variable analysis, the participants received positive or negative MS diagnoses and a 10-year
CVD risk stratification. The significance level adopted for the analyses was 5% (p < 0.05) and the confidence interval
(CI) was 95%. For comparing categorical data, we used the chi-squared, Fisher’s exact, or G tests; for comparing
continuous data, we used the parametric Student’s t-test and the non-parametric Mann-Whitney test.
Results: Both groups presented overweight and an increased waist-to-hip ratio. Weight, body mass index,
abdominal circumference, hip circumference, and low-density cholesterol were variables that presented
statistically significant differences between groups. MS was diagnosed in 32% of women in G1 and 45% of those
in G2. Regarding the 10-year risk for CVD, most women were in the low-risk stratum: the mean total risk of CVD
occurrences was 7.48% in G1 and 7.70% in G2.
Conclusion: We observed a higher prevalence of MS among women who survived BC, possibly due to overweight,
as well as a low 10-year risk for CVD after cancer treatment. Although we did not observe a statistically significant
difference, we suggest the adoption of a healthy lifestyle and rigorous control of cardiometabolic risk factors.
Keywords: Metabolic Syndrome; Heart Diseases; Breast Neoplasms.

Introduction
Cancer represents the second main cause of death
worldwide, behind only cardiovascular diseases (CVD).1
Projections for 2030 expect around 24 million cases of
cancer and 14.6 million deaths.2 This disease represents a
global health challenge that has been increasing in low‑and
middle-income countries with the globalization of the
economy and lifestyles.3 Among various neoplasm types,
breast cancer (BC) is the one that affects women the most
each year, being responsible for 23% (1 380 000) of all new
cancer cases and 14% (458 400) of all deaths due to cancer.4

protocols are factors that have contributed to this increase.5-7
However, 2 out of 3 cancer survivors are prone to suffering
from complications in the long term. 8A wide spectrum of late
adverse effects such as CVD, diabetes, dyslipidemia, arterial
hypertension, osteoporosis, and metabolic syndrome (MS)
components are likely to develop among cancer survivors.
For this reason, it is important to design appropriate health
management strategies for these patients.7,9-10
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Studies show a high prevalence of MS in the Brazilian
population. One of these population studies found a MS
prevalence of 29.8% in adults (95% confidence interval
[CI]).4 In a study performed with 50 women with BC aged
between 40 and 80 years and 50 age‑matched controls,
the prevalence of MS was 40.0% among patients with
BC and 18.0% in the control group (P = 0.02). A positive
independent association was observed between MS and
risk of BC (odds ratio [OR] = 3.037; 95% CI 1.214–7.597).11
In MS, adipocytes and adipokines derived from the
perivascular adipose tissue such as leptin, resistin, IL-6,
and tumor necrosis factor-α are potent pro-inflammatory
molecules that may promote oxidative stress in the
endothelium and affect endothelial function,12 leading to a
predisposition to CVD.13,14 In this context, a new subspecialty
has emerged within the cardiology field: cardio-oncology,
where cardiologists participate in a multidisciplinary team
dedicated to cancer treatment. Before initiating treatment, it
is important to identify patients at increased risk for cardiac
toxicity so that alternative, less cardiotoxic treatment options
can be considered.15,16
The aim of the present study was to verify the prevalence
of MS and CVD risk in female BC survivors (BCS).

Materials and Methods
Study Type and Site
This research was characterized as a descriptive,
observational, cross-sectional study. Sample selection
occurred at a philanthropic hospital located in São Luís,
state of Maranhão (MA), which is a high-complexity
oncology referral center.

G1

Initial Sample: 92
32 women

Excluded

Final Sample: 60

Flow Diagram 1 – The study’s patient selection process.

Ethical Aspects
This study was based on ethical principles that rule
research with human beings and followed Resolution
No. 466/12 of the National Health Council. The project
was approved by the Ethics and Research Committee
(CEP) of Universidade Federal do Maranhão according to
opinion No. 2 386 296. Participants signed a free and
informed consent form (FICF) and received information
on the main aspects of the study such as the procedure,
objective, and possible contributions; they were free to
withdraw their participation at any moment of the study
and at no penalty or charge.

Sample
The sample consisted of 120 female patients and
was divided into 2 groups: G1, 60 women with no
BC diagnosis, and G2, 60 female BCS (Flow Diagram
1). These corresponded to the required sample size
according to previous sample size calculations which
used the formula for the proportion of 2 samples, since
we aimed to investigate data on the prevalence of MS in
2 distinct groups, for comparison purposes. The study
used as reference for this calculation was performed by
Ortiz et al. (2014).17
Out of a sample of 92 women selected from the general
population, after applying inclusion and exclusion criteria,
we obtained a selection of 60 women for the G1 group.
Meanwhile, out of 243 women with BC (G2), we selected
60 women according to the selected inclusion and exclusion
criteria. The selection of participants for G2 was performed
by the recruitment of patients registered at the Hospital
Cancer Registry (HCR) of the aforementioned hospital.

G2

Initial Sample: 243
Excluded

Final Sample: 60

183 women
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Inclusion and Exclusion Criteria
We selected women aged between 35 and 60 years
for this study. In G1, BC-free women as per medical
confirmations performed in the previous 2 months.
In G2, female BCS according to a medical certificate, with
staging levels I, II, or III, positive pathology examination
of the sentinel lymph node, who were treated at the
study hospital and who accepted to participate in
the study by signing the FICF. BCS who had had a
complete axillary dissection were excluded from the
study. We also excluded, from both groups, patients who
were pregnant or who had ascites due to the difficulty
in identifying abdominal obesity; patients who had any
type of heart disease of any etiology, according to their
clinical history and physical examination; those who had
a clinical manifestation of atherosclerosis or genetically
proven dyslipidemias; those who had infectious diseases
or kidney and/or liver diseases; patients who presented
physical, psychic, cognitive, and sensorial alterations
that prevented the execution of the study tests; and those
who refused to participate in any of the study’s stages.

Data Collection
The study began after the selected patients received
information regarding the ethical aspects of the research
and signed the FICF, as determined by Resolution
No. 466/12 of the National Bioethics Commission of Brazil
(CONEP). We collected sociodemographic data, as well as
information on date of diagnosis, staging level, treatment
modalities, and other data from the HCR.
Participants selected for both groups were then
invited to the Clinical Research Center of Hospital
Universitário da Universidade Federal do Maranhão
(CEPEC- HUUFMA), where blood collections and other
measurements were performed. Initially, we requested
a 12-hour fast before blood collection; then, women
answered questionnaires on their age, sociodemographic
information, the occurrence of other comorbidities
or menopause, use of medications, and smoking and
drinking habits.
For obtaining arterial pressure (AP) values, patients
were seated, with feet on the ground, and the
measurement was performed after 5 minutes of rest.
Measurements were performed using the non-operated
arm (as was the blood collection). We performed
3 consecutive readings for each participant, with a
3-minute interval. The first reading was discarded,
and the mean value between the 2 other measurements

Int J Cardiovasc Sci. 2021; 34(4):420-430
Original Article

was used. We also investigated weight (kg) using an
electronic scale and height (m) with a wall-mounted
stadiometer, as well as abdominal circumference/waist
(AC) and hip circumference (HC) with a tape measure,
which allowed us to determine the waist-to-hip ratio
(WHR). The body mass index (BMI) was calculated by
dividing weight (in kg) by height (in m) squared.
Subsequently, blood collection was performed at
the hospital’s laboratory. The biochemical investigation
included total cholesterol and triglycerides (TG) measured
by the endpoint colorimetric method and high-density
lipoprotein (HDL-cholesterol) measured by the selective
precipitation method coupled with the endpoint colorimetric
method. Low-density lipoprotein (LDL-cholesterol) and
very low-density lipoprotein (VLDL) were obtained through
the Friedewald formula: LDL cholesterol (mg/dL) = total
cholesterol - HDL-cholesterol - (triglycerides/5); this formula
was valid for TG values of up to 400 mg/dL.
Glycemia, in turn, was quantified by the glucose
oxidase enzymatic method. Serum insulin concentrations
were also determined. Insulin resistance diagnoses
were established according to the Homeostasis Model
Assessment for Insulin Resistance (HOMA-IR) index,
which is the product of fasting insulin (mUI/mL)
and fasting glycemia (mmol/L) divided by 22.5.
Insulin resistance was defined when values were higher
than 3.16. After analyzing all collected data, participants
received a positive or negative MS diagnosis.
MS diagnoses were established according to criteria
by the National Cholesterol Education Program’s Adult
Treatment Panel III (NCEP-ATP III), being positive
when 3 or more of the following parameters were
present: 1) abdominal fat: an AC of more than 88 cm;
2) low HDL‑cholesterol levels (less than 50 mg/dL);
3) elevated TG levels (150 mg/dL or more); 4) elevated
AP (135/85 mmHg or more); 5) elevated glycemic levels
(110 mg/dL or more). For analyzing cardiovascular risk,
we used the Framingham risk score.
According to this score, each variable has value
ranges with specific positive or negative scores. The total
score considers the following variables: sex, age,
smoking habits, diabetes mellitus, HDL-cholesterol,
total cholesterol, systolic arterial pressure, and diastolic
arterial pressure. The final score corresponds to the
possibility (in %) of occurrence of a cardiovascular disease
in the next 10 years. Therefore, individuals are classified
into the following categories: low risk (with a 10-year
cardiovascular risk of less than 10%), intermediate risk
(between 10% and 20%), and high risk (more than 20%).
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Data Analyses
The collected data were stored and analyzed using SPSS,
version 2. The significance level adopted for our analyses
was 5% (p < 0.05) and a 95% CI. Continuous variables
with normal distribution were described as means ±
standard deviations, and those that did not present
normal distributions were described as median values and
interquartile ranges. Firstly, the Kolmogorov-Smirnov test
was applied for testing the hypothesis that data followed
a normal distribution and helping in the choice between
parametric and non‑parametric tests through which
the significance of data between groups was verified.
Therefore, for comparing categorical data we used the
chi-squared, Fisher’s exact, or G tests, and for comparing
continuous data we used the parametric independent
samples Student’s t-test and the non-parametric MannWhitney test.
We used logistic regression models for estimating OR
and 95% CI and verifying which variables influenced the
occurrence of MS in female BCS. The models included an
isolated analysis of variables that presented a statistically
significant difference when compared with the control
group regarding MS.

Results
Mixed-race participants and those with secondary
education were the most prevalent in both groups.
Considering family income, we observed that
participants of this study had a low socioeconomic
status, since 40% of the control group had a family
income of ½ to 1 minimum wage and the same
percentage earned 1 to 2 times the minimum wage in the
BCS group. Most women reported not practicing regular
physical exercise or having a family history of cancer,
as well as not smoking or drinking; this last variable
presented a statistical difference from the control group,
as did the presence of menopause (Table 1).
Regarding the characteristics of tumors and the
performed treatment (Table 2), the right breast had
been affected in 60% of female BCS. Considering
staging levels, the most prevalent was stage II (43.3%).
As for treatment, 86.6% underwent a complete protocol
(surgery, chemotherapy, and radiotherapy), with
varying orders according to clinical characteristics and
the tumor’s anatomopathological aspects. The mean
follow-up time, representing the end of treatment and
follow-up, was 4 years.

Cardiovascular Diseases and Breast Cancer

When comparing anthropometric parameters and
metabolic risk factors among female BCS and the control
group (Table 3), we observed that both groups presented
overweight (mean BMI of 26.08 kg/m2 in the control group
and 29.27 kg/m2 in the female BCS group). The WHR in
both groups was over 0.86, which is the threshold for
identifying high cardiovascular risk. Cholesterol levels
were above normal values for women, with mean values
of 200.46 mg/dL and 213.98 mg/dL in the control and
BCS groups, respectively. Some variables presented
statistically significant differences between groups, such
as weight, BMI, AC, HC, and LDL-cholesterol.
Variables that presented statistically significant
differences between groups were analyzed by a logistic
regression model. Through this model, we identified that
isolated variables did not increase the OR for MS, except
for HC (Table 4).
The identification of MS in both groups, according to
NCEP-ATP III criteria, is demonstrated in Graph 1. In this
graph, we observe a higher occurrence of MS in the BCS
group, with 27 women (45%), in contrast to 19 (32%) in
the control group. When comparing groups, we did not
observe a statistically significant difference.
In the 10-year CVD risk stratification according
to Framingham scores (Table 5), we obtained a high
prevalence of low cardiovascular risk in both groups
(73% in the control group and 72% in female BCS), with
no statistically significant differences between groups
according to Student’s t- and Mann-Whitney testing of
the obtained scores.
For assessing the mean cardiovascular risk in both
groups (Graph 2), we obtained a 10-year risk for
developing CVD of 7.48% in the control group and 7.70%
among female BCS. When comparing groups, we did not
observe a statistically significant difference (p > 0.05).

Discussion
Women in both groups presented similar
socioeconomic and clinical characteristics, such as low
schooling levels and low socioeconomic status (Table 1).
These factors influence the level of knowledge on diseases
in general and the adoption of healthy lifestyles,5 which
could explain the low prevalence of regular physical
activity among women in this study. This fact directly
impacts MS and CVD risk factors.1 However, female
BCS had less damaging life habits, such as lower levels
of smoking and drinking, when compared to the control
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Table 1 – Socioeconomic and clinical characteristics of female breast cancer survivors and the control group. São Luís-MA, 2021
Characteristics

Control group (n = 60)

BCS group (n = 60)

White

10 (17%)

10 (17%)

Black

16 (27%)

19 (32%)

Mixed-race

33 (55%)

29 (48%)

1 (2%)

2 (3%)

Incomplete primary/lower secondary education

8 (13%)

3 (5%)

Primary/lower secondary education

5 (8%)

4 (7%)

Incomplete secondary education

5 (8%)

6 (10%)

33 (55%)

34 (57%)

Incomplete tertiary education

3 (5%)

2 (3%)

Tertiary education

6 (10%)

11 (18%)

3 (5%)

6 (10%)

½ to 1 MW

24 (40%)

14 (23%)

1 to 2 MW

22 (37%)

24 (40%)

2 to 5 MW

10 (17%)

16 (27%)

1 (2%)

0 (0%)

Yes

47 (78%)

42 (70%)

No

13 (22%)

18 (30%)

No

40 (67%)

36 (60%)

Yes

20 (33%)

24 (40%)

No

29 (48%)

9 (15%)

Yes

31 (52%)

51 (85%)

No

55 (92%)

58 (97%)

Yes

5 (8%)

2 (3%)

No

38 (63%)

56 (93%)

Yes

22 (37%)

4 (7%)

p

Race

Asian

0.849b

Schooling

Secondary education

0.543b

Family income
< ½ MW

> 5 MW

0.222b

Physical activity
0.297a

FH of cancer
0.448a

Menopause
<0.0001a

Smoking
0.439c

Drinking

BCS: breast cancer survivors; MW: times the minimum wage; FH: family history; a: chi-squared test; b: G test; c: Fisher’s exact test.

0.0001c
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Table 2 – Characteristics of tumors and treatments underwent by the female breast cancer survivor group. São Luís- MA, 2021
Characteristics

n

%

Right breast

36

60.0

Left breast

24

40.0

I

11

18.3

II

26

43.3

III

23

38.3

C+S+R

21

35.0

C+S+R

25

41.6

C+R+S

5

8.3

C+R+S

1

1.7

C+S

5

8.3

C+R

1

1.7

C+S

1

1.7

S

1

1.7

Tumor location

Staging

Treatment

Follow-up time (years)

4 ± 2.44

C: chemotherapy, S: surgery, R: radiotherapy

group. The higher prevalence of menopause among BCS
may be related to chemotherapy treatment, which favors
its early development.7
The anthropometric parameters and metabolic risk
factors directly related to obesity (weight, BMI, AC,
HC, and LDL-cholesterol) were elevated in female
BCS, with statistically significant differences when
considering the control group (Table 3). Results of a
controlled and well-designed study with some of these
variables demonstrated that cancer survivors were more
dyslipidemic than the control population.16 The increase
in BMI among post-menopausal women mainly results
from an associated increase in estrogens.18 In addition,
the pain, fatigue, and weakness associated with
chemotherapy may cause physical inactivity, leading to
abdominal obesity. Moreover, an unhealthy diet and lack
of exercise increase visceral fat, leading to MS and chronic
diseases such as obesity, hypertension, and diabetes.19

A prospective study performed in Denmark with
women with BC revealed that those who had a BMI of
30 kg/m2 or higher presented more advanced disease
at diagnosis when compared to those who had a BMI
of less than 25 kg/m.24 Another study performed in the
United States observed that, in women who gained
weight after a BC diagnosis, each 5-kg gain was
associated with a 13% increase in specific mortality,
concluding that an elevated BMI was associated to
higher mortality rates due to BC. 18 The presence
of visceral adipose tissue can lead to MS due to its
hyperlipolytic state and contribution of free fatty acids
to the increase in insulin resistance.16 Therefore, it is
extremely important to routinely assess the nutritional
status of women with BC with easily obtainable
anthropometric measures such as BMI and AC.4
Female BCS face approximately twice the risk of death
due to CVD and other chronic diseases than age‑matched
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Table 3 – Comparison between anthropometric parameters and metabolic risk factors between female breast cancer
survivors and the control group. São Luís-MA, 2021
Variables

Control group
(mean ± SD)

BCS group
(mean ± SD)

p

Age (years)

49.06 ± 6.22

48.86 ± 7.23

0.871a

DAP (mmHg)

86.08 ± 14.11

83.5 ± 14.24

0.320a

Weight (Kg)

62.15 ± 11.45

69.36 ± 13.01

0.002a

Height (m)

1.54 ± 0.05

1.53 ± 0.05

0.703a

BMI (Kg/m2)

26.08 ± 4.40

29.27 ± 5.18

0.0004a

AC (cm)

86.18 ± 15.33

92.08 ± 13.56

0.021a

HC (cm)

93.63 ± 9.33

99.89 ± 11.49

0.001a

HDL (mg/dL)

49.73 ± 14.9

49.43 ± 13.02

0.907a

LDL (mg/dL)

118.87 ± 35.54

132.5 ± 30.20

0.020a

VLDL (mg/dL)

32.10 ± 12.53

28.86 ± 10.90

0.134a

Triglycerides (mg/dL)

159.83 ± 59.07

143.25 ± 61.98

0.136a

Median / IQR (25–75)

Median / IQR (25–75)

SAP (mmHg)

120

110–132.5

120

110–130

Cholesterol (mg/dL)

202

181–238.3

WHR

0.92

0.84–0.95

0.93

0.89–0.97

0.207b

Glycemia (mg/dL)

95.5

89–104.5

90.5 85–102.25

0.096b

Insulin (µUI/mL)

5.79

3.50–12.3

6.81

3.40–1.03

0.603b

HOMAR- IR

1.42

0.84–2.93

1.65

0.74–2.71

0.437b

197.5 178.5–221.5

0.636b
0.271b

SD: standard deviation; IQR: interquartile range; BCS: breast cancer survivors; SAP: systolic arterial pressure; DAP: diastolic arterial
pressure; BMI: body mass index; AC: abdominal circumference; HC: hip circumference; WHR: waist:to-hip ratio; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; VLDL: very low-density lipoprotein; HOMAR-IR: Homeostasis Model Assessment for Insulin
Resistance; a: Student’s t-test; b: Mann-Whitney test. p < 0.05 (significance).

women with no cancer history.20 In this study, we
observed that almost half of our sample (45%) of BCS
were diagnosed with MS. Similar results were observed
in another study, where MS was present in 50% of female
BCS and in 37.5% of participants in the control group.
In this study, the most frequently observed diagnostic
criteria were abdominal obesity (62.5%) and dyslipidemia
(45.2%).10 Another study, also performed with women
with BC, reported that 69.2% of post-menopausal
women had MS and 53.8% had advanced cancer stages,
demonstrating that MS could influence a worsening of
the BC prognosis.4
In a prospective study with 2092 patients followed‑up
due to BC, MS was significantly associated with
menopause, HOMA-IR index, HC, and hypertension.21
This corroborates findings from this study, where

our logistic regression (Table 4) identified a higher
risk of developing MS in women with increased HC.
The occurrence of MS is 2.2 to 4.4 times higher in BCS
than in the general population. These findings may reflect
a lack of interest and education on MS among BCS.5
Drugs commonly used in cancer treatments, such as
anthracyclines, camptothecins, epipodophyllotoxins,
and platin-based agents, interrupt DNA replication and
protein transcription and synthesis, thus compromising
cell regeneration and growth. These agents may
interact with receptors or second messengers, inducing
gonadal hormone deficiencies, and produce reactive
oxygen species leading to mitochondrial dysfunction.
Anemia, apoptosis, and cell lysis may lead to tissue
hypoxia, causing the liberation of pro-inflammatory
cytokines and macrophage activation. All these effects
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Metabolic syndrome
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Presence of MS

p = 0.188
41
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33
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27
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0
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Control group

20

Graph 1 – Comparative analysis of metabolic syndrome (MS) diagnoses between female breast cancer survivors (BCS) and the control
group, according to the National Cholesterol Education Program’s Adult Treatment Panel III (NCEP-ATP III) criteria. Chi-squared test.

10

7.70 ± 6.91

7.48 ± 6.16

5

10-year risk for CVD (%)

p = 0.856

0
Control group

BCS

Graph 2 – Mean total 10-year risk for cardiovascular disease (CVD) in female breast cancer survivors (BCS) and the control group,
according to the Framingham score. Student’s t-test.
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Table 4 – Impact of variables in the development of metabolic syndrome in female breast cancer survivors, after logistic
regression. São Luís-MA, 2021
Variables

p

OR

(95% CI)

Menopause

0.630

0.684

0.15 to 3.12

Weight (Kg)

0.598

1.037

0.91 to 1.19

BMI (Kg/m2)

0.658

0.918

0.63 to 1.34

AC (cm)

0.455

1.056

0.91 to 1.22

HC (cm)

0.028

0.000

0.00 to 0.13

LDL (mg/dL)

0.853

0.998

0.98 to 1.20

OR: odds ratio; CI: confidence interval; BMI: body mass index; AC: abdominal circumference; HC: hip circumference; WHR: waist-to-hip ratio; LDL:
low-density lipoprotein.

Table 5 – Risk of cardiovascular diseases in female breast cancer survivors (BCS) and the control group, according to the
Framingham score. São Luís-MA, 2021
Control group

BCS group

Cardiovascular risk

p
n

mean risk

n

mean risk

Low

43 (73%)

4.48 %

44 (72%)

4.34 %

0.411b

Intermediate

15 (22%)

13.13 %

13 (25%)

14.48 %

0.750a

2 (5%)

29.50 %

3 (3%)

27.66 %

0.640a

High

A: Student’s t-test; b: Mann-Whitney test. p < 0.05 (significant).
Note: the Student’s t- and Mann-Whitney tests assessed differences between scores obtained in both groups in the Framingham scale (continuous
variable). On table 5, such scores were transformed in percent values for risk stratification.

may contribute to the development of obesity, insulin
resistance, and dyslipidemia, and ultimately to MS.10
Female BCS in this study had a mean Framingham risk
score of 7.70%, thus being stratified as at low risk for CVD
in 10 years (Graph 2). On the other hand, the WHR (which
identifies the current cardiovascular risk according to an
individual’s body fat distribution) was above the threshold
in both groups (Table 3), classifying them as at high CVD
risk. Although the mean Framingham score in this study
was lower than that reported by other studies, evidence
shows that patients who underwent cancer treatment
had a subsequent increase in CVD risk. The risk of
developing CVD among patients with BC who underwent
chemotherapy was 3 times higher than in patients who
underwent surgery only, and it was 4.22 times higher in
patients who had chemotherapy and radiotherapy.22

According to cardio-oncologists, cardiotoxic
therapies (including chemotherapy or radiotherapy)
are the main contributors to an increase in CVD risk in
BCS.23 In a case-control study with 2168 women from
Northern Europe with breast adenocarcinoma treated
with radiotherapy,24 each 7 Gy of radiation corresponded
to an increase in cardiovascular risk of 7.4%. The risk
was observed 5 years after receiving radiotherapy and
persisted for 30 years.25 Moreover, depression, anxiety,
and stress and/or anguish were associated with a 30%
increase in MS prevalence among cancer survivors.
Many subjacent pathophysiological associations may
also be driven by psychological health. Stress involving
the exposure to treatment may cause interruptions in the
production of hormones and neurotransmitters, which
influences cardiovascular risk.26
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A meta-analysis of data from 289 109 patients
demonstrated that mortality due to CVD was higher
among women who underwent radiation therapy for BC
in the left breast in comparison to those who had it in the
right breast.27 This way, our findings indicating that the
right breast was more affected and a mean follow-up to
the end of treatment of only 4 years (according to Table 2)
may explain the low 10-year risk for CVD in female BCS
and the absence of statistical differences when compared
to the control group (p > 0.05).
Despite some limitations, such as the difficulty in
establishing a causal association between the analyzed
variables and MS due to the sample size and cross‑sectional
nature of the study, our work provided important clinical
information on cardiometabolic factors present in BCS.
This is the first step for identifying the frequency of risk
factors in BCS, allowing the allocation of important subsidies
for elaborating public health policies and personalized
treatment plans that are less harmful and cardiotoxic.28-29

Conclusion
This study demonstrated a higher prevalence of
MS among female BCS, possibly due to overweight.
Although the studied population presented a low risk
for CVD, we recommend that female BCS adopt healthy
lifestyles, as well as rigorous screening and control of
cardiometabolic risk factors. However, longitudinal
cohort studies with these women are still needed for the
development of more accurate risk prediction models
for MS and CVD.
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Abstract
Background: Although cardiovascular disease is the leading cause of death in women, few data exist on risk factors
and treatment of these diseases in women. This leads to a delay in the institution of appropriate therapies and
worse outcomes in this population.
Objective: We aimed to identify predictors of morbidity and mortality in women undergoing isolated mitral valve
replacement.
Methods: This was a retrospective cohort study with 104 women who underwent isolated mitral valve replacement
at a referral hospital for treatment of cardiovascular diseases, performed from January 2011 to December 2016. Data
were obtained from medical records. Statistical analysis was performed to calculate odds ratio, unpaired Student's
t-test, and binary logistic regression. P values <0.05 were considered statistically significant.
Results: Mean age of patients was 43.73 (±13.85) years. Most patients had a diagnosis of rheumatic disease prior to
surgery (76%; N=79). Mortality rate was 4.9% (N = 5). There was a statistically higher risk of death among patients
with reduced ejection fraction (EF) (<50%) (OR = 14.833, 95% CI 2.183 - 100.778, P=0.001) and older age (P = 0.009).
There was an inverse association between a previous diagnosis of rheumatic disease and death (OR = 0.064, 95% CI
0.007 - 0.606, P=0.002). Logistic regression showed reduced EF at preoperative evaluation as a predictor of death
and a diagnosis of rheumatic disease as a protective factor.
Conclusion: Older age and reduced EF were associated with postoperative mortality. Reduced EF was a predictor
of death, and rheumatic disease was associated with better surgical outcomes.
Keywords: Morbidity; Mortality; Thoracic Surgery; Mitral Valve; Women.

Introduction

therapies, so that women often receive less aggressive

Cardiovascular disease (CVD) is the leading cause
of death in developed countries and, in Brazil, despite
1

regional differences, CVD kills more than any other
cause.2 CVD is also the leading cause of death among
women, and usually occurs 7–10 years later than men.1
However, the prevalence of this disease increases in the

treatments and are less likely than their male counterparts
to be managed following recommended guidelines.3
Mitral valve disease is the most common valvular
heart disease. In developing countries, the main cause
of mitral valve stenosis is rheumatic fever, and mitral
valve replacement is currently one of the most common

postmenopausal period, possibly due to the decrease in
estrogen hormone levels.
There are few data in the literature about the
assessment of risk factors and treatment of CVDs in
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treatments for this condition. 4 Mitral stenosis and
regurgitation may cause pulmonary hypertension and
right heart failure, leading to poor outcomes.
Sex differences in outcomes have been noted in many
areas of cardiovascular medicine, and this is not different in
mitral valve disease, although the causes of such differences
are not well understood.5 Prior studies have hypothesized
that differences in mitral valve morphology, complexity of
lesions, timing of interventions, and comorbid conditions
place female patients at a disadvantage at the time of
surgery.3 Although women are as likely to have significant
mitral valve disease, they are less likely to receive surgery
than male patients6 and, when they do, operative mortality
is higher among women undergoing mitral valve repair
or replacement compared to men.3
The purpose of this article was to identify preoperative,
intraoperative, and postoperative risk factors for
morbidity and mortality in a Brazilian female group
of patients who underwent isolated mitral valve
replacement, to obtain pertinent information regarding
the current scenario in Brazil and contribute to a more
gender-specific and individualized treatment of women.

mitral valve replacement at a referral center for treatment
of cardiovascular diseases located in the city of Salvador
(Bahia, Brazil). Primary outcome was death in the
postoperative period of isolated mitral valve surgery, and
secondary outcome was incidence of morbidity.
Female patients who underwent isolated mitral valve
replacement between 2011 and 2016, regardless of age,
valve lesion etiology, or type of prosthesis, were included.
Patients who underwent mitral valve replacement in
combination with any other surgical procedure were
excluded. Patients with missing information and those
whose medical records were not available were also
excluded.
Of 207 patients, 43 were excluded due to lack of
information in the medical records, leaving 164 patients.
Of these, 60 male patients were excluded, remaining 104
female patients for analysis.
Clinical and laboratory data from the preoperative,
intraoperative, and postoperative periods were collected
from medical records, using a standardized form. Table 1
lists all variables and outcomes investigated.

Statistical analysis

Methods
This was a retrospective cohort study that analyzed
the medical records of patients who underwent isolated

Statistical analysis was performed using the software
IBM SPSS statistics for Windows, version 23.0. Categorical
variables were presented as absolute and relative

Table 1 – Variables and outcomes evaluated in a sample of female patients (n=104) who underwent isolated mitral valve
replacement between 2011 and 2016
1. Age
2. Gender
3. Height
4. Weight
5. Body mass index
6. NYHA functional classification
a. Stroke
b. Diabetes mellitus
c. Rheumatic fever
d. Endocarditis
7. Preoperative comorbidities:

f. Asthma
g. Smoking
h. Coronary artery disease
i. Atrial fibrillation (AF)
j. Chronic obstructive pulmonary disease
k. Previous valve operation
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Continuation
8. Urea
9. Creatinine
10. Hb (g/dl)
11. Ht (%)
12. Prothrombin time
13. INR
14. Rhythm of electrocardiogram
15. Echocardiographic measurements
16. EuroSCORE
17. Urgency or elective surgery
18. Prosthesis model
19. Prosthesis size
20. Mitral calcification
21. Duration of extracorporeal circulation
22. Aortic clamping time
23. Length of ICU stay
a. Acute myocardial infarction
b Stroke
c. Respiratory tract infection
d. Arrhythmia
e. Reoperation
24. Outcomes:

f. Cardiac tamponade
g. Hb (mg/dl)
h. Mediastinitis
i. Sepsis
j Endocarditis
k Other
l. Death

EuroSCORE: European System for Cardiac Operative Risk Evaluation; Hb: hemoglobin; Ht: hematocrit; ICU: intensive care
unit; INR: International Normalized Ratio; NYHA: New York Heart Association

frequencies, whereas continuous variables were presented
as means and standard deviations. Associations between

coefficient of determination (R²). P-values <0.05 were
considered statistically significant.

categorical variables were assessed by odds ratio (OR).
The Kolmogorov-Smirnov test was used to evaluate the
normality of data distribution. Means were compared
using the unpaired Student's t-test.
Binary logistic regression was used to identify possible
predictors of postoperative death, using Nagelkerke's

Ethical considerations
This study was approved by the Research Ethics
Committee of the Ana Nery Hospital (protocol no. 336.981,
approved on July 19, 2013). In accordance with Resolution
No. 466/2012 of the Brazilian National Commission for
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Research Ethics on research involving human beings,
this study protocol was registered on the Plataforma
Brasil website (CAAE number 14268813.5.0000.0045).
The authors signed a form to assure that patient data
would be kept confidential. The standardized form used
to collect patient information was approved by the local
institutional review board.

Results
Mean age of the sample was 43.73 (±13.85) years.
Mean body weight was 61.38 (± 12.02) kg, and mean
body mass index was 24.44 (±4.46) kg/m². Thirty
patients (28.8%) had no record of medication use,
while 74 (71.2%) were on drug therapy, mostly
diuretics (N=54; 51.9%) and betablockers (N=49; 47.1%).
Nineteen patients (18.3%) had received penicillin.
Preoperative evaluations indicated that 95.2% of the
patients had at least one comorbidity, and most of them
(N=79; 76%) had been diagnosed with rheumatic heart
disease prior to surgery (Table 2).
Mitral repair had been performed in 18 (17.3%)
patients and 9 (8.6%) had been submitted to mitral
valve replacement. The mean European System for

Cardiac Operative Risk Evaluation score (EuroSCORE)
was 5.11 (±7.45). Laboratory test results prior to the
mitral valve surgery are described in Table 3.
Most patients had sinus rhythm on preoperative
electrocardiogram (N=48; 46.2%), with no other
changes described. Thirty-five patients (33.7%) had
atrial fibrillation (AF), one had (1.0%) atrial flutter,
four (3.8%) had bradycardia, and three (2.9%) had
tachycardia. Three patients (2.9%) had other cardiac
alterations.
The most commonly reported valve dysfunction was
mixed mitral valve lesions (N=43; 41.3%), followed by
mitral valve regurgitation (N=38; 36.5%) and stenosis
(N=15; 14.4%) (Figure 1). The most common valvular lesion
was tricuspid regurgitation, found in 68 (65.4%) patients.
In patients with valvular prosthesis, regurgitation (N=7;
77.8%) and mixed lesions (N=2; 22.2%) were observed.
Of the total number of patients, only one patient
underwent urgent surgery. Biological prostheses were
the most used prosthetic heart valves (N=72; 69.2%); the
most common size of the prosthesis was 29 mm (N=49;
47.1%), followed by 31 mm (N=30; 28.8%) and 27 mm
(N=9; 8.7%). Papillary muscle and chordae tendineae
were preserved in all patients, whenever technically

Table 2 – Preoperative comorbidities of women undergoing isolated mitral valve replacement (n=104)
Comorbidities

Frequency

Rheumatic disease

79 (76.0%)

Hypertension

39 (37.5%)

Atrial fibrillation

36 (34.6%)

Smoking or former smoking

15 (14.4%)

Stroke

16 (15.4%)

Endocarditis

10 (9.6%)

Diabetes mellitus

12 (11.5%)

Asthma

5 (4.8%)

Coronary artery disease

4 (3.8%)

Chronic obstructive pulmonary disease

1 (1.0%)

NYHA functional class

NYHA: New York Heart Association

1

2 (2.2%)

2

44 (47.3%)

3

36 (38.7%)

4

11 (11.8%)
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Table 3 - Preoperative laboratory results of women undergoing isolated mitral valve replacement (n=104)
Exams

Mean (standard deviation)

Frequencies

Hemoglobin (g/dL)

12.09 (± 1.69)

-

Hematocrit (%)

36.26 (± 5.50)

-

Creatinine (mg/dL)

1.06 (± 0.73)

-

34.47 (± 24.74)

-

1.43 (± 0.57)

-

Prothrombin time (%)

73.06 (± 26.31)

-

Left atrium (mm)

52.95 (± 16.24)

-

Aorta (mm)

28.66 (± 5.56)

-

LV systolic diameter (mm)

33.73 (± 8.66)

-

LV diastolic diameter (mm)

51.88 (± 9.28)

-

Posterior wall thickness (mm)

8.11 (± 1.86)

-

Interventricular septum (mm)

8.13 (± 1.83)

-

LV ejection fraction (%)

63.07 (± 10.86)

-

Pulmonary artery systolic pressure (mmHg)

48.75 (± 18.31)

-

Calcification

-

29 (27.9%)

Paravalvular leak

-

11 (10.6%)

Urea (mg/dL)
International Normalized Ratio

LV: Left ventricular

possible. Prophylactic anticoagulation therapy for
postoperative thrombosis was made immediately after
drain removal.
The overall mortality rate was 4.9% (N=5), with
sepsis as the leading cause of death (N=2; 40.0%),
followed by tachyarrhythmia (N=1; 20.0%). One death
was registered due to Chagasic cardiomyopathy
(20%), and in one case, no specific cause of death was
recorded. Three of the five patients who died had low
left ventricular ejection fraction (LVEF) before surgery.
The mean number of days the patients stayed in the
intensive care unit was 5.24 (± 4.47) days, with a mean
length of stay of four days.
The most common postoperative complications were
arrhythmias (N=24; 23.1%), followed by respiratory
tract infection (N=14; 13.5%) and renal failure (N=8;
7.7%) (Table 4). The most common arrhythmia was
AF (N=18; 75.0%), followed by supraventricular
tachycardia (N=2; 8.3%) and ventricular tachycardia
(N=2; 8.3%). One case of atrial flutter and one of
complete heart blockage were reported (4.2% for each).

Comparing the mean age of patients who died
after surgery with those who survived, a statistically
significant difference was observed, indicating that
older age was associated with the primary outcome
(Table 5). Low LVEF (< 50%) was associated with the
risk of death in the postoperative period.
A previous diagnosis of rheumatic disease was
associated with a reduced risk of postoperative
mortality. However, these patients were significantly
younger than those who did not receive this diagnosis
(40.4 years vs. 54.2 years; P<0.001).
The presence of arrhythmias in the preoperative
period was not associated with mortality after valve
replacement (Table 6). The same was observed for
patients with a previous diagnosis of hypertension,
endocarditis, or stroke. Since no patient with diabetes,
coronary artery disease, obesity (BMI > 30 kg/m²),
chronic obstructive pulmonary disease (COPD), or
asthma died, it was impossible to establish associations
of these variables with the primary outcome.
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The New York Heart Association (NYHA) functional
classes III/IV, previous mitral valve surgery, and type of heart
valve disease were also not associated with higher mortality.

Discussion

All variables that showed an association with mortality
were submitted to multivariate analysis by binary logistic
regression. A significant model was obtained with reduced
LVEF (< 50%) and prior diagnosis of rheumatic disease as
variable (χ² (2) = 14.262, P = 0.001; R² Nagelkerke = 0.402)
(Table 7). The same did not happen for age.

Rheumatic disease was the most frequent comorbidity
in our sample. This was expected, since in underdeveloped
and developing countries like Brazil, this disease remains
endemic, and is the main etiology of valve dysfunction.7-9
In addition, it is known that its prevalence is higher in the
female population,7 which has been confirmed by most
studies on valve disease.8, 11-16

Reduced ejection fraction was a predictor of postoperative
death in the model, and a prior diagnosis of rheumatic
disease was associated with better surgical outcomes.

As observed in the present study, mean age of
patients undergoing valve replacement due to rheumatic
etiology is relatively low, in accordance with previous

Figure 1 – Mitral valve with stenosis secondary to rheumatic disease
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Table 4 – Postoperative outcomes of women undergoing isolated mitral valve replacement (n=104)
Outcomes

Frequencies

Arrhythmias

24 (23.1%)

Respiratory tract infection

14 (13.5%)

Renal insufficiency

8 (7.7%)

Death

5 (4.9%)

Pericardial effusion

3 (2.9%)

Surgical wound infection

5 (4.8%)

Sepsis

4 (3.8%)

Pleural effusion

3 (2.9%)

Mediastinitis

4 (3.8%)

Reoperation

4 (3.8%)

Urinary tract infection

3 (2.9%)

Cardiac tamponade

1 (1.0%)

Endocarditis

2 (1.9%)

Subcutaneous emphysema

0 (0.0%)

Stroke

0 (0.0%)

Pneumothorax

0 (0.0%)

Acute heart failure

0 (0.0%)

Pulmonary thromboembolism

1 (1.0%)

studies.12,15,17 On the other hand, participants of studies
carried out in high-income countries are older, due to the
predominance of degenerative and ischemic etiology of
valve disease.10,19

literature. Also, although some studies have shown
a predominance of cardiac22, 25 or infectious27 causes
alone, generally both, as well as neurological events,
are also common, as seen in the present study.16, 19, 22, 25,27

Studies have shown that mortality of cardiac
surgery among women is higher than of their male
counterparts,3,5,6,11,20-22 since women receive surgery late
and usually have more severe preoperative conditions.3,
6,11,21,23
One of the possibilities for this fact is the use of
cutoff points for echocardiographic variables without
considering their body mass, which is generally
lower than men’s. Others have postulated about the
differences in symptom manifestation, anatomical or
even pathophysiological features. In this study, however,
mortality rate was within normal range (4 to 7%), 24
similarly to previous reports.10,19,25

There is considerable controversy about the
risk factors associated with mortality after valve
replacement surgery. Results have varied widely
according to the population and the study method.
Age, for example, has already been associated with
higher mortality in several studies, as well as in
ours.3,10, 12, 16,22,28-31. However, this is still not a consensus,
since others have found no difference between
groups,25, 32 or even an inverse relationship.19,23,33

The most frequent postoperative complications
were arrhythmias, respiratory tract infections and
renal failure, which are commonly and classically
found after heart and valve surgeries.16,19,22,26 The main
causes of death were also in accordance with the

There are no records of the influence of rheumatic
disease on postoperative outcomes. Khan et al. 17
showed a correlation between high levels of antistreptolysin O and mortality. However, this is a
marker of the acute phase of rheumatic fever, rather
than its sequel. We found in this study that a history of
rheumatic disease was a protective factor, associated
with lower immediate mortality. We emphasize,
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Table 5 – Odds ratio values representative of risk-related outcomes in a sample of female patients (n=104) who
underwent isolated mitral valve replacement between 2011 and 2016
Variable

N (%)

Deaths

Odds ratio

95% confidence interval

p-value

Obesity (BMI > 30 kg/m2)

11 (12.4%)

0 (0.0%)

-

-

0.508

Arrhythmias

46 (49.5%)

4 (8.7%)

4.381

0.471 - 40.778

0.160

NYHA functional class III/IV

47 (50.5%)

2 (4.3%)

0.978

0.132 - 7.250

0.982

Stroke

16 (15.5%)

1 (6.3%)

1.383

0.144 - 13.247

0.777

Rheumatic disease

79 (76.7%)

1 (1.3%)

0.064

0.007 - 0.606

0.002

Chronic obstructive pulmonary disease

1 (1.0%)

0 (0.0%)

-

-

0.820

Coronary artery disease

4 (3.9%)

0 (0.0%)

-

-

0.645

Diabetes

12 (11.7%)

0 (0.0%)

-

-

0.405

Hypertension

39 (37.9%)

2 (5.1%)

1.099

0.175 - 6.887

0.920

Asthma

5 (4.9%)

0 (0.0%)

-

-

0.605

Smoking

15 (14.6%)

0 (0.0%)

-

-

0.344

Atrial fibrillation

36 (35.0%)

2 (5.6%)

1.255

0.200 - 7.877

0.808

9 (8.7%)

1 (11.1%)

2.813

0.280 - 28.264

0.361

39 (37.9%)

1 (2.6%)

0.395

0.043 - 3.666

0.399

1 (1.0%)

0 (0.0%)

-

-

0.839

Mitral calcification

29 (28.2%)

1 (3.4%)

0.625

0.067 - 5.840

0.678

LV ejection fraction

12 (11.7%)

3 (25.0%)

14.833

2.183 - 100.778

0.001

Mitral regurgitation

37 (35.9%)

3 (8.1%)

2.824

0.450 - 17.724

0.250

Mitral stenosis

15 (14.6%)

0 (0.0%)

-

-

0.344

Mixed mitral lesion

43 (41.7%)

2 (4.7%)

0.927

0.148 - 5.799

0.935

Lesions in other valves

81 (79.4%)

5 (6.2%)

-

-

0.243

Paravalvular leak

10 (9.7%)

0 (0.0%)

-

-

0.452

Endocarditis
Previous valve surgery
Urgent surgery

BMI: Body Mass Index; NYHA: New York Heart Association; LV: Left Ventricular

however, that the group with this disease was
younger, which may have influenced the results. On
the other hand, the multivariate analysis did not reveal
a significant effect of age.
Atrial fibrillation is often found in patients with
mitral disease and the prevalence of this arrhythmia
in our sample is compatible with what has been found
previously.12,15 The role of this arrhythmia in surgical
outcomes, however, is still controversial. While some
studies have not demonstrated an association between
atrial fibrillation and unfavorable outcomes,32,34 as
described in this article, others have shown that it is
a risk factor.16,19,27,29, 31, 35

We did not find any relationship between any
other preoperative variable (diagnoses or laboratory
findings) and higher mortality, which is in line with
results reported by Fernandes et al.28 and De Bacco et
al.32 However, previous publications have reported
an association of elevated BMI values, 10,26 history
of coronary artery disease, 16,22,30,33 endocarditis, 22
stroke30, hypertension and COPD19 with postoperative
complications and death. Among laboratory variables,
elevations in creatinine / kidney injury 17,19,22,32 and
reduced hemoglobin and hematocrit values 28 have
already been reported as risk factors, which was not
observed in this study.
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Table 6 – Comparisons of numerical variables between survivors and non-survivors patients after isolated mitral valve
replacement
Variable

Total

Non-survivors

Survivors

p-value

Age

43.73 ± 13.85

59.40 ± 11.06

43.07 ± 13.56

0.009

BMI

24.44 ± 4.46

25.63 ± 4.25

24.46 ± 4.46

0.655

Days in ICU

5.24 ± 4.47

15.50 ± 16.30

4.84 ± 2.85

0.282

Preoperative Hb (g/dl)

12.09 ± 1.69

11.47 ± 2.94

12.14 ± 1.62

0.640

Preoperative Ht (%)

36.27 ± 5.50

35.18 ± 9.82

36.36 ± 5.28

0.802

Preoperative Cr (mg/dL)

1.06 ± 0.73

0.94 ± 0.85

1.07 ± 0.74

0.694

Preoperative Ur (mg/dL)

34.47 ± 24.74

80.48 ± 80.17

32.13 ± 16.10

0.249

1.43 ± 0.57

1.57 ± 0.80

1.43 ± 0.56

0.638

PT (%)

73.06 ± 26.31

68.20 ± 33.24

73.22 ± 26.22

0.681

Left atrium (mm)

52.95 ± 16.24

66.25 ± 18.23

52.41 ± 16.03

0.095

Aorta (mm)

28.66 ± 5.56

30.00 ± 4.97

28.59 ± 5.60

0.623

LV diastolic diameter (mm)

51.88 ± 9.28

53.13 ± 9.97

51.83 ± 9.30

0.786

LV systolic diameter (mm)

33.73 ± 8.66

32.90 ± 1.47

33.76 ± 8.84

0.846

Interventricular septum (mm)

8.13 ± 1.83

6.30 ± 3.77

8.21 ± 1.69

0.387

Systolic pulmonary artery pressure
(mmHg)

48.75 ± 18.31

51.75 ± 10.11

48.60 ± 18.64

0.739

LV ejection fraction (%)

63.06 ± 10.86

50.15 ± 19.34

63.72 ± 9.98

0.193

Posterior wall thickness (mm)

8.11 ± 1.86

5.33 ± 4.04

8.21 ± 1.71

0.343

EuroSCORE

5.11 ± 7.45

11.08 ± 9.08

4.85 ± 7.30

0.069

Postoperative Hb (g/dl)

9.38 ± 1.62

9.56 ± 2.26

9.37 ± 1.60

0.799

Cardiopulmonary bypass length

73.97 ± 20.21

89.00 ± 41.29

73.29 ± 18.70

0.444

Myocardial anoxia

56.15 ± 16.54

62.20 ± 27.55

56.00 ± 15.94

0.643

INR

BMI: Body Mass Index; ICU: Intensive Care Unit; Hb: hemoglobin; Ht: Hematocrit; Ur: urea; Cr: Creatinine; INR:
International Normalized Ratio; PT: Prothrombin Time; LV: Left Ventricular; Student’s tttest for numerical variables

Table 7 – Predicting variables of postoperative death
R² = 0.402 (Nagelkerke)

95% CI to OR
B

Significance

OR

χ²(2) = 14.262, P = 0.001

Variables

Inferior

Superior

Low ejection fraction

2.795

0.012

16.367

1.860

144.024

Rheumatic disease

-2.832

0.022

0.059

0.005

0.660

Constant

2.458

0.027

-

-

-

R²: determination coefficient; χ²: chi square; CI: confidence interval; OR: Odds ratio
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The severity of symptoms according to the NYHA
functional classification was not related to worse
outcomes, which is in accordance with the study by De
Bacco et al.32 This contrasts with most previous studies10,
12, 24, 28-30
although none of them had a similar sample to
ours, i.e., with a predominance of females and rheumatic
disease as the main etiology of the disease.
As previously found, lower LVEF was associated with
higher mortality.17, 22, 29-32 This result is understandable,
given that patients with impaired cardiac function tend
to have more complications in the postoperative period.
However, other echocardiographic variables did not
show a correlation with worse outcomes, as previously
described.28,30,31
In our study, characteristics related to surgery,
such as urgency, type of valve prosthesis, type of
valve disease, or cardiopulmonary bypass and aortic
clamping times did not show any influence on mortality.
Among these, while some studies10,30 have suggested
the use of bioprosthesis as a risk factor, several others
have not observed worse outcomes with its use, as we
have seen in the present study.13, 18, 24, 32 It is noteworthy
that biological valves have been more frequently used
than mechanical ones. The latter require anticoagulation
for life, with strict control of INR, and consequently
require access to health services and good treatment
adherence. Unfortunately, the patients of our sample
would probably have difficulty accessing health care
after surgery. Thus, probably, the choice of the type of
prosthesis was based not only on technical but also on
socioeconomic issues, and the decision was made by
the medical staff and the patient.
Kim et al.16 and Cruz et al.36 have demonstrated severe
tricuspid regurgitation as a risk factor, and Rankin et
al.22 and De Bacco et al.,32 respectively, have identified
a history of previous valve surgery, and urgency of
surgery as risk factors. Elevated cardiopulmonary
bypass and aortic clamping times have already been
described by Bueno et al.29 However, we could not
demonstrate such associations, which is in accordance
with results reported in other studies.
We found a long average intensive care unit stay (5.34
days). This can be explained by the discharge protocol, in
addition to the occurrence of complications such as acute
renal failure, reoperations and infections, as seen in Table 4.
As limitations, it is worth mentioning that the
study is retrospective and was performed at a single

center. Data were obtained from medical records and
the results may have been influenced by problems
in data recording. Our sample had a limited number
of patients, which may have prevented detection of
statistical significance in some situations. For those
reasons, we must have caution in making population
inferences. It is also good to remember that Brazil is a
heterogeneous country, and the study was performed
in a single location, where rheumatic disease is still
endemic and responsible for most of the cases referred
to surgery for mitral disease. These results should not
be extrapolated to other regions.

Conclusion
Advanced age and reduced LVEF at preoperative
evaluation were associated with a greater risk of mortality
in women undergoing isolated mitral valve replacement.
Rheumatic disease was associated with better surgical
outcomes.
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Abstract
Background: Coronary artery disease (CAD) is an important cause of morbidity and mortality in women and
requires early diagnosis for defining the appropriate treatment.
Objective: To identify the positive predictive value (PPV) and safety of the early use of handgrip exercise in
pharmacological stress echocardiography using dobutamine (early-ECHO) in women.
Methods: Positive ischemic early-ECHO records from 111 women were evaluated from January 2012 to
March 2018. Subsequently, the hospital medical records were verified to locate patients who underwent
conventional coronary angiography (CCA), and we analyzed the medical conduct adopted for these
patients. Statistical analyses were performed using SPSS employing one-way analysis of variance
(ANOVA), Fisher’s exact test, or Pearson’s chi-square test. The level of statistical significance was set at
p < 0.05 for all analyses.
Results: Four patients (4.4%) presented serious complications during the examination. Out of 90 patients who
underwent CCA, 71 (78.9%) had CAD. Among these 71 patients, 58 (81.7%) had severe lesions and 13 (18.3%)
presented moderate CAD. Moreover, CCA did not demonstrate relevant coronary lesions in 19 of the 90 patients
(21.1%). Among patients with severe CAD, 16 (27.6%) underwent myocardial revascularization surgery; 34 (58.6%)
underwent percutaneous coronary angioplasty; and 08 (13.7%) had their clinical treatments intensified. The PPV
for early-ECHO was 78.9%.
Conclusions: Early-ECHO showed a high PPV for diagnosing myocardial ischemia in women. It presented a low
complication rate and provided rapid disease identification, allowing the early treatment of injuries and potentially
preventing CAD complications.
Keywords: Stress Echocardiography; Coronary Artery Disease; Women; Predictive Value of Tests; Safety.

Introduction
Ischemic heart disease is an important public
health problem in Brazil. Between 2008 and 2018,
488 858 deaths of women due to coronary artery
disease (CAD) were reported. 1 According to the
American Heart Association (AHA), approximately
1 in 3 women have some form of cardiovascular
disease. The evidence shows that women at risk for
CAD are less often referred to appropriate diagnostic
tests than men. 2

Clinical presentations of CAD result from atherosclerosis
of the coronary arteries and overt angina syndromes, acute
myocardial infarction, ischemic cardiomyopathy, and
sudden cardiac death. A major aggravating factor in the
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occurrence of CAD is its silent characteristic, which can be
perceived at certain effort levels when there is an increase
in myocardial oxygen consumption (MVO2).3,4
In this context, diagnostic tests increase the
scope for investigating ischemia. Dobutamine stress
echocardiography is an affordable, non-invasive,
radiation-free test that allows the assessment of several
segments of the left ventricle, making it possible to assess
a patient’s risk of developing severe CAD.4
Currently, the use of the 3-minute dobutamine protocol
has become a popular noninvasive technology (NIT), with
the addition of atropine at the final stage.5 However, atropine
may prolong exam time and cause serious side effects.6,7
The use of isometric handgrip exercise with dobutamineatropine stress echocardiography (early-ECHO) decreases
the time to target heart rate, recovery time, and the overall
examination time.8 Another advantage of early-ECHO is
the reduction of the total dose infusion of dobutamine and
its consequent side effects.9
Adjunctive isometric exercise in the form of
sustained submaximal handgrip dobutamine stress
echocardiography without atropine results in a modest
increase in MVO2, primarily by an increase in end‑systolic
wall stress;10 it can also significantly lower fractional flow
reserve (FFR) values and potentially improve the ability
of this test to detect physiologically significant stenosis.11
The main goal of this study was to highlight the positive
predictive value (PPV) of early-ECHO in detecting CAD in
women, emphasizing its safety and applicability.

Methods
Participants
This study analyzed the medical records of female patients
subjected to pharmacological stress echocardiography with
dobutamine with an early protocol (early-ECHO) at a
diagnostic imaging center from January 2012 to March 2018.
Secondary data collected from medical records of
patients at the imaging center were compared with
those of the region’s referral hospital in the same period.
Data from the center’s medical records included age, body
mass index (BMI), incidence of complications during the
examination (complex ventricular arrhythmia, arterial
hypertension above 220/110 mmHg, and/or angina chest
pain), and dobutamine dosages used in the procedure.
Data obtained from the hospital’s medical records, on the

other hand, were used to refer to a conventional coronary
angiography (CCA) examination and demonstrate the
accuracy of positive early‑ECHO results, as well as to
quantify blood vessel occlusion and the medical conduct
adopted for treating patients.
Inclusion criteria were defined by early-ECHO tests
in which a positive ischemia response was observed;
exclusion criteria considered tests with a negative
ischemia response. At one point, patients who did not
undergo CCA at the referral hospital were excluded.
To evaluate the safety and PPV of early-ECHO,
we selected the results of 111 patients with positive
diagnostic tests. This validation was performed through
the search for medical records of these patients at the
hospital, followed by an analysis of the CCA examination.

The early-ECHO protocol
Two-dimensional transthoracic echocardiography
with Doppler ultrasound was performed by an
experienced certified sonographer-physician using
a Phillips Affiniti 70 ultrasound. All patients were
examined in the left lateral position.
Dobutamine was diluted in 5% glycated serum and
administered through an infusion pump at doses of
5–10–20–40 mcg/kg/min, increasing every 3 minutes. Blood
pressure (BP) and a 12-lead electrocardiogram (ECG) were
acquired every 3 minutes, before increasing the medication
dose. At the end of the examination, intravenous
beta‑blockers (5 mg metoprolol) were administered.
Moreover, in our early-ECHO protocol, isometric
exercise (with a handgrip strengthener) was used from
the third minute of the examination, when dobutamine
dose was 10 mcg/kg/min. Firstly, the isometric strength
exercise was used in the non-dominant hand and, after
BP verification, the isometric strength intensity was
increased for both hands in order to reach 85% of the
maximum heart rate (MHR) estimated for a patient of
that age or the optimization of a positive ischemia result.
Video records were captured at baseline, with a low
dobutamine dose (5 to 10 mcg/kg/min), at peak stress
(85% of MRH), and in the recovery phase (after using
the beta-blocker). Images were selected from 4 different
echocardiographic views: parasternal long axis, parasternal
short axis, apical 4-chamber, and apical 2-chamber.
The early-ECHO protocol was first suggested by Yao
and colleagues in 20038 and was adapted to the patients
in this study as shown in Figure 1.
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Figure 1 – Early pharmacological stress echocardiogram protocol. Adapted from Yao and colleagues, 2003.8
ECG: electrocardiogram; BP: blood pressure.

The presence of ischemia (positive test) was defined
as the development of a new wall motion abnormality or
worsening of an existing one during stress (hypokinesia,
akinesia, or dyskinesia). When the examination
demonstrated precocious contractile change, it was
interrupted even without reaching the recommended
MHR. For interpretive analyses, the left ventricle was
divided into 17 segments as recommended by the
American Society of Echocardiography.12

CCA
CCA still plays a pivotal role in the invasive imaging
of coronary arteries. Despite rapid developments in
noninvasive imaging, the temporal and spatial resolution
of coronary angiography is unsurpassed and will remain
as the road map for cardiology interventionalists and
cardiac surgeons for performing revascularization.13
The purpose of CCA is to evaluate the coronary
anatomy and the degree of luminal obstruction of
the coronary arteries.14 Angiographically normal or
near-normal coronary arteries are more common
among women, who are more likely than men to have
myocardial ischemia due to microvascular disease.15
The degree of coronary stenosis has been determined
by the AHA Guideline as: negative (without coronary
lesion); discrete (less than 50% of stenosis); moderate
(between 50% and 70% of luminal narrowing); and severe
(more than 70% of luminal narrowing).16

Statistical analysis
The extracted data were organized using Microsoft
Excel and then transferred to the SPSS software version
22.0, which was used for statistical analyses.
The Komogorov-Smirnov normality test was initially
performed for quantitative variables. Given the normality
of the findings, a one-way analysis of variance (ANOVA)
parametric test was selected for comparing results and
verifying statistical inferences. A Tukey’s post hoc
test was not used because no statistically significant
difference was observed.
Quantitative variables are presented as mean
values ± standard deviations. Qualitative variables are
presented by n (absolute number) and % (percentage),
and Fisher’s exact test (if more than 20% of the
expected value < 5) or Pearson’s chi-squared test
(if expected frequency > 5) were used as measures
of association. In case of a statistically significant
difference, the adjusted residuals analysis was used.
In this analysis, statistical significance was considered
where the frequency was higher (residual equal to or
higher than +1.96) and where the frequency was lower
(residual equal to or less than -1.96).
In order to determine PPV, the following formula
was used: PPV = True Positive / (True Positive + False
Positive). A p-value α = 0.05 (p < 0.05) was adopted as the
level of statistical significance in all analyses.
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Results

The mean age was 66.59 ± 9.86 years (p = 0.91),
ranging from 43 to 98 years. No significant difference
was observed in the patients’ ages and the presence of
CAD. Considering the BMI of these women, 37 (41.1%)
were classified as overweight.

Patient population
Out of 111 selected patients, 21 medical records were
excluded since the CCA examinations had not been
performed at the hospital. A total of 90 female patients
met all inclusion criteria. The association between CCA
outcomes and the variables analyzed in the study is
shown in Table 1.

Furthermore, out of 90 patients who underwent
CCA, 71 (78.9%) presented CAD; among these
71 patients, 13 (18.3%) had moderate CAD and
58 (81.7), severe CAD. Concerning all 90 patients,
19 (21.1%) had negative tests, without significant

Table 1 – Catheterization outcomes (conventional coronary angiography, CCA) compared with the variables analyzed
before and during the examination (n = 90)
Negative
n (%)

Mild stenosis
n (%)

Severe stenosis
n (%)

Overall
n (%)

p

CCA

19 (21.1)

13 (14.4)

58 (64.4)

90 (100.0)

-

PPV

-

-

-

78.9

-

AGE

65.95 ± 12.72

65.30 ± 11.20

66.55 ± 8.57

66.59 ± 9.86

0.91a

Low weight

1 (14.3)

1 (14.3)

5 (71.4)

7 (100.0)

Normal weight

7 (25.0)

5 (17.9)

16 (57.1)

28 (100.0)

High weight

7 (18.9)

4 (10.8)

26 (70.3)

37 (100.0)

Obesity I

2 (40.0)

2 (15.4)

9 (69.2)

13 (100.0)

Obesity II

2 (40.0)

1 (10.0)

2 (40.0)

5 (100.0)

None

17 (18.9)

13 (15.1)

56 (65.1)

86 (100.0)

Hypertension (220/110 mmHg)

1 (100.0)

0 (0.00)

0 (0.00)

1 (100.0)

Complex ventricular arrhythmia

1 (100.0)

0 (0.00)

0 (0.00)

1 (100.0)

Typical chest pain

0 (0.00)

0 (0.00)

1 (100.0)

1 (100.0)

Arrhythmia and typical chest pain

0 (0.00)

0 (0.00)

1 (100.0)

1 (100.0)

None

13 (21.7)

8 (13.3)

39 (65.0)

60 (100.0)

SVES

0 (0.00)

2 (25.0)

6 (75.0)

8 (100.0)

VES

6 (28.6)

3 (14.3)

12 (57.1)

21 (100.0)

NSVT

0 (0.00)

0 (0.00)

1 (100.0)

1 (100.0)

PTCA

-

-

34 (58.6)

-

MRS

-

-

16 (27.6)

-

Pharmacological treatment

-

-

8 (13.8)

-

Variables

Body mass index

0.89b

Complications

0.45b

Arrhythmia type

0.65b

Medical procedure after CCA

-

Statistical methods: a: one-way analysis of variance (ANOVA); b: Fisher’s exact test.
CCA: conventional coronary angiography; SVES: supraventricular extrasystole; VES: ventricular extrasystole; NSVT: non-sustained ventricular
tachycardia; PPV: positive predictive value; PTCA: percutaneous transluminal coronary angioplasty; MRS: myocardial revascularization surgery.
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stenosis. The PPV of the early-ECHO examination in
women was 78.9%.

lower cost and without environmental impact and
hazards to the patient and physician.17

Only 4 patients (4.4%) had serious complications during
the examination, determined as complex ventricular
arrhythmias, hypertension (above 220/120 mmHg),
or typical chest pain. It is also significant that 60 (66.7%)
participants did not have arrhythmias during the
examination, and from these 60, 39 (65%) had severe
CAD. In the examinations of 58 patients with severe CAD,
06 (10.3%) had supraventricular extrasystole (SVES),
12 (20.7%) had ventricular extrasystole (VES), and 1 (1.7%)
had non-sustained ventricular tachycardia (NSVT).

The present study demonstrated a low rate (4.4%) of
relevant complications (defined as complex ventricular
arrhythmias, arterial hypertension, and/or typical
chest pain), which was different from the literature.
Abreu et al. indicated an occurrence of typical chest pain
in 53.8% of positive tests in octogenarians and complex
arrhythmias, occurring in 6.4% of the examinations
of patients aged 80 years or older. The frequency of
extrasystoles varied between 27.6% in patients aged
younger than 60 years and 47.8% in patients aged
80 years or older.18 The finding rate of non-complex
arrhythmias in patients with severe CAD was 10.3%
for SVES and 20.7% for VES. The early use of isometric
exercise in our early-ECHO protocol may have been a
relevant factor for reducing test duration, as already
demonstrated by Yao and colleagues,8 thus leading to
a lower rate of adverse events was observed.

Regarding the medical conduct for patients with severe
CAD, 34 (58.6%) underwent percutaneous transluminal
coronary angioplasty; 16 (27.6%) underwent myocardial
revascularization surgery; and 8 (13.8%) had their clinical
treatment intensified.
The association between variables analyzed before and
during the examination with a CAD predictor considering
patients aged older than 60 years is shown in Table 2.
Additionally, 25 (27.7%) participants aged < 59 years and
65 (72.2%) aged > 60 years were observed. It is noteworthy
that women who were younger than 59 years old were
more likely to have class 1 obesity (defined as a BMI
between 30.0 and 34.9 kg/m2), being represented by
8 patients (32.0%) with a statistically significant difference
(p = 0.02) and adjusted residues (ra) of 3.1 confirming
significance. Furthermore, when grouping overweight
patients and those with grade 1 obesity, we observed that
70% of them presented severe CAD at CCA.
Another characteristic found during the examination
was the lower need for high dobutamine doses in
women over the age of 60 years. Nearly 81% of older
patients reached the goal of the examination with
a lower dose of dobutamine while 44% of younger
patients (< 59 years) required a high dose of this
medication, with a statistically significant difference
(p = 0.01) and ra = 2.5 confirming the significance.

Discussion
Stress echocardiography is an established technique
for assessing the extent and severity of CAD.
The combination of echocardiography with physical,
pharmacological, or electrical stress allows the detection
of myocardial ischemia with excellent accuracy.
This NIT provides diagnostic and prognostic accuracy
that is similar to that of radionuclide stress perfusion
imaging or magnetic resonance, but at a substantially

Regarding the use of medications during the
examination, a significant portion of older patients
(> 60 years) did not require high dobutamine doses.
This was shown by Secnus and Marwick in 1997, when
they found that women had a higher heart rate than
men both at rest and at the end of ECHO, in addition
to the fact that fewer women needed atropine. 19
Abreu and colleagues also showed that octogenarians
(mainly women) needed less medication during the
exam, which may be due to less vagal activity and/or
greater sensitivity to dobutamine in this population. 18
Data showed that women aged 59 years and
younger were more predisposed to having class
1 obesity. In the obese patient, the blood volume
and capillary network are increased. In order to
compensate for this, the cardiac output is increased
according to the relation between excess weight and
ideal weight. There is also an increase in oxygen
consumption by the metabolism of adipose tissue,
with most of the cardiac output destined to supply
these cells. Moreover, the intensity of these changes
is proportional to the time since the installation of
this hemodynamic situation, and this pattern has
been shown to be reversible with weight reduction.20
According to Herszkowicz et al., 20 a population
of obese women, without any clinical alterations or
cardiovascular complications, showed a trend of higher
values of systolic arterial pressure, myocardial mass,
and left ventricular wall circumference stress, as well as
a trend of early alterations of global diastolic function.20
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Table 2 – Association between the outcome of patients aged 60 years or older and the variables analyzed before and
during the examination (n=90)
Age ≤ 59 years old

Age ≥ 60 years old

n (%) (n = 25)

n (%) (n = 65)

Low weight

0 (0.0)

6 (9.2)

6 (6.7)

Normal weight

5 (20.0)

24 (36.9)

29 (32.2)

High weight

10 (40.0)

27 (41.5)

27 (10.0)

Obesity I

8 (32.0)ra

5 (7.7)

13 (14.4)

Obesity II

2 (8.0)

3 (4.6)

5 (5.6)

Normal

18 (72.0)

54 (83.1)

72 (80.0)

Dysfunction

7 (28.0)

11 (16.9)

18 (20.0)

Normal

13 (52.0)

37 (56.9)

50 (55.6)

Dysfunction

12 (48.0)

28 (43.1)

40 (44.4)

No

14 (56.0)

52 (80.0)ra

66 (73.3)

Yes

11 (44.0)

13 (20.0)

24 (26.7)

Variables

n (%)

p

Body mass index

0.02b ra=2.9

Basal segment analysis
0.25b

Low dose segment analysis
0.81a

Use of high dose

ra

0.03a ra=2.3

High dose segment analysis
Normal

2 (18.2)

5 (38.5)

7 (29.2)

Dysfunction

9 (81.8)

8 (61.5)

17 (70.8)

24 (96.0)

62 (95.4)

86 (95.6)

Hypertension (220/110 mmHg)

1 (4.0)

0 (0.0)

1 (1.1)

Complex ventricular arrhythmia

0 (0.0)

1 (1.5)

1 (1.1)

Typical chest pain

0 (0.0)

1 (1.5)

1 (1.1)

Arrhythmia and typical chest pain

0 (0.0)

1 (1.5)

1 (1.1)

None

21 (84.0)

40 (61.5)

61 (67.8)

SVES

2 (8.0)

6 (9.2)

8 (8.9)

VES

2 (8.0)

18 (27.7)

22 (22.2)

NSVT

0 (0.0)

1 (1.5)

1 (1.1)

PTCA

7 (28.0)

27 (41.5)

34 (37.8)

MRS

3 (12.0)

13 (20.0)

16 (17.8)

Pharmacological treatment

2 (8.0)

6 (9.2)

8 (8.9)

0.39b

Complications
None

0.63b

Arrhythmia type

0.15b

Medical procedure after CCA

0.28b

Statistical methods: a: Pearson's chi-squared test; b: Fisher’s exact test.
SVES: supraventricular extrasystole; VES: ventricular extrasystole; NSVT: non-sustained ventricular tachycardia; CCA: conventional coronary
angiography; PTCA: percutaneous transluminal coronary angioplasty; MRS: myocardial revascularization surgery.
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Furthermore, the use of preventive measures against
obesity in women, as well as the early identification
of ventricular remodeling, has become an important
factor in the fight against cardiovascular diseases in
the female population.
In 2012, a comparative effectiveness review evaluated
the diagnostic accuracy and risks of NIT in women with
suspected symptoms of CAD. This review showed that
ECHO provided a sensitivity of 79% and a specificity of
83% when compared with CCA.21
Our analyses showed that the PPV of early-ECHO
in women was 78.9%. However, this analysis does
not include the probability of pre-test CAD among
patients, as well as the clinical aspects of thoracic pain
presented by them. Pasierski et al.,22 reported that,
in hypertensive patients with angina, the specificity
and PPV of exercise echocardiography were 96% and
97%. They also demonstrated that the advantage of
stress echocardiography over the ECG stress test
was more obvious in hypertensive women than in
hypertensive men. 22
Tong and Douglas reported the sensitivity and
specificity of exercise echocardiography testing in women
to be 91% and 80%, respectively. These data suggest that
exercise echocardiography may be the diagnostic test of
choice in women. From a cost-effectiveness point of view,
these authors believe that most women should undergo
exercise echocardiography as the initial diagnostic test,
since its diagnostic accuracy is much higher than that of
ECG stress testing.23
The prevalence of CAD in the studied population
was 78.9%, and in cases of severe CAD (> 70% of
stenosis), 27.6% of the patients underwent myocardial
revascularization surgery; 58.6% underwent coronary
angioplasty; and 13.8% received optimized clinical
treatment. Heupler et al.,24 demonstrated that exercise
echocardiography provided incremental prognostic
information over exercise ECG in populations with
mixed genders or mixed pre-test CAD probability. 24
The incremental value of stress echocardiography
over stress electrocardiography in a low-risk but
mixed-gender population was demonstrated over
2 decades ago.25
Cortigiani et al. 26 found that echocardiographic
evidence of ischemia on dobutamine or dipyridamole
stress echocardiography was the only independent
predictor of hard events in a group of 456 women who

Early stress echocardiography protocol in women

were not known to have CAD.26 Supporting this analysis,
Davar et al.27 showed that positive stress echocardiography
was the only independent predictor of future cardiac
events, with a relative risk of 8.9 (95% confidence interval
1.0 to 76.5, p = 0.04). The cumulative event-free survival
rate 38 months after stress echocardiography was 98.8%
for patients with negative stress echocardiography results
and 50.7% for patients with positive results.27
Moreover, in an earlier study, exercise echocardiography
was found to be the optimal method of diagnosing CAD
in women. 28 Recommendations from the European
Society of Cardiology suggest the preferential use of
non-ionizing imaging techniques in highly vulnerable
patients such as younger women.29

Conclusions
Early-ECHO is a test with a low complication rate
that shows a high PPV for the diagnosis of myocardial
ischemia in women, providing fast identification of this
disease with early treatment of injuries and preventing
potential major complications and/or death due to CAD.
Finally, more studies should be conducted in order
to recommend the early-ECHO protocol as a NIT in the
assessment of CAD in women.
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Abstract
Background: Maternal mortality rates in Brazil remain above the goals established by the United Nations
Sustainable Development Goals. Heart disease is estimated to affect 4% of all pregnancies and remains by
itself the main indirect obstetric cause of maternal death. In the last decades, a significant improvement in the
prognosis of heart diseases has made pregnancy possible in women with heart disease and provided better
maternal and fetal outcomes.
Objectives: To establish a multicenter Brazilian Registry of pregnant women with heart disease; to study the
causes of immediate and late maternal mortality; and to assess the prevalence of heart disease in the country’s
macro-regions.
Methods: This is an observational study, with retrospective and prospective stages, of the clinical and obstetric
progression of pregnant women with heart disease. These women consecutively received care during pregnancy
and will be followed up for up to a year after delivery at public and private hospitals with infrastructure for the
execution of this project, a principal investigator, and approval by Ethics and Research Committees.
Results: Our results will be presented after data collection and statistical analysis, aiming to demonstrate immediate
and late maternal mortality rates, as well as the prevalence of heart disease in the country and its cardiovascular
and obstetric complications during pregnancy.
Conclusions: REBECGA will be the Brazilian Registry of heart disease and pregnancy and it will contribute to
planning preventive measures, raising financial resources for the improvement of high-risk prenatal care, and
reducing immediate and late maternal mortality due to heart disease.
Keywords: Pregnancy; Heart Diseases; Maternal Mortality; Cardiovascular Pregnancy Complications.
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profound differences, specifically considering those with
heart disease and the proportion of avoidable deaths, in
the various regions of Brazil.1
In the last 3 decades, Brazil reported a marked
reduction in maternal mortality rate — from 143.2 to 64
deaths per 100 000 live births. However, these coefficients
are higher than those established by the United Nations
Sustainable Development Goals and 6 times higher than
those accepted by the World Health Organization.2
Heart disease is the main indirect obstetric cause of
maternal death, being present in 4% of pregnancies.
The impact of heart disease in maternal mortality was
investigated in 27 referral obstetric units, and maternal
death showed a prevalence ratio that was 4 times higher
(4.8 vs 1.2) in pregnant women with heart disease.3
In Brazil, rheumatic disease contributes to an expressive
incidence of acquired heart disease in young women,
with a 4 times higher prevalence ratio when compared to
developed countries. The growing population of pregnant
women with congenital heart disease and cardiomyopathies
has also contributed to significant complication and
maternal mortality rates during pregnancy.4
In the last decades, a significant improvement in
the prognosis of cardiovascular diseases and a higher
life expectancy for children and adolescents with
heart disease has been observed, including the safe
development of pregnancy. However, the country lacks
national data on these changes.
Worldwide multicenter registries, guidelines, and
positions have been established with the commitment
of reducing maternal mortality due to heart disease.5-9
In clinical practice, the applicability of maternal
cardiovascular risk scores published in the international
literature faces serious limitations, especially because
the epidemiology of heart diseases in reproductive age
and the social and demographic characteristics of the
Brazilian population are very diverse.
In agreement with the current global movement,
the elaboration of the Brazilian Registry of Pregnancy
and Heart Diseases, led by the Women’s Cardiology
Department (DCM) and hereinafter named the
REBECGA Registry, responds to our social responsibility
regarding the quality of life of women with heart
disease. Notably, it contributes to planning preventive
measures, raising financial resources for providing
better prenatal care, and reducing immediate and late
maternal mortality due to heart diseases manifested
during pregnancy.

The REBECGA Brazilian Registry of Pregnancy and Heart Disease

The primary objective of the REBECGA Registry is
the construction of a national register of heart diseases
manifested during pregnancy, focusing on the study
of immediate and late maternal mortality due to heart
disease. Our secondary objectives are the identification
of the cardiovascular complications of pregnancy and
the prevalence of these heart diseases in the country’s
macro-regions.

Methods
This is an observational study with a retrospective
(cross-sectional) stage and a prospective (longitudinal)
stage, including women with heart disease who
consecutively received care during pregnancy and
were followed up for up to a year after delivery. We
will analyze pre-selected maternal, obstetric, and fetal
variables in both stages of the registry (Chart 1). Data
from the retrospective stage, which ranged from 2017 to
2020, will be obtained through the analysis of medical
records and or/telephone contact; as for the prospective
stage (from 2021 to 2026), they will be collected at inperson periodical visits through paper forms and further
storage on an online platform. During the prospective
stage, clinical and obstetric approaches should follow the
recommendations by the Brazilian Society of Cardiology
(SBC) Statement for Management of Pregnancy and
Family Planning in Women with Heart Disease – 2020
in order to reduce discrepancies in results.
All participants of the registry or their legal
representatives must sign the free and informed consent
form (FICF). In case the patient has not reached legal age,
the FICF shall be signed by her legal guardian. Patients
who do not attend scheduled visits after delivery will
be interviewed by telephone for collecting obstetric
and perinatal information. We have not anticipated
complementary examinations. The participant hospitals,
whether public or private, should present: 1) approval of
the project by the Research and Ethics Committee of the
participating institution; 2) infrastructure for executing
the project; 3) a principal investigator who will be
responsible for the Registry until the end of the project.
Inclusion and exclusion criteria: We will include
pregnant women with heart disease, with anatomical and
etiological diagnosis defined at the first prenatal consult,
regardless of their involvement in other clinical studies, after
signing of the FICF. Structural and electrical heart diseases,
as well as complicating factors included in the Registry
platform, are presented on Charts 2 and 3, respectively.
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Chart 1 – Variables included in the registry
Patient identification: record number, age, date of birth, gestational age at first consult;
Characterization of heart disease: anatomical and etiological diagnosis, previous cardiovascular intervention (type and time/years),
complicating factors, associated structural heart injury;
Obstetric history: number of pregnancies, deliveries, and miscarriages;
Clinical characteristics: New York Heart Association (NYHA) functional classification at first prenatal consult;
Comorbidities: chronic arterial hypertension, bronchial asthma, gestational diabetes, thyroid disorders, obesity (body mass index [BMI] > 30
Kg/m2);
Electrocardiographic variables (12-lead recording);
Echocardiographic variables (two-dimensional transthoracic echocardiography)
Cardiac biomarkers: natriuretic peptide (BNP), troponin, international normalized ratio (INR), anti-factor Xa, others;
Cardiovascular complications during pregnancy;
Pharmacological intervention
Anticoagulation – Use in the first, second, and third trimester, as well as on the seventh, 14th, and 42nd day after delivery. Anticoagulants
considered for the registry: low molecular weight heparin, unfractionated heparin, warfarin;
Non-pharmacological intervention, considering percutaneous intervention or heart surgery performed during pregnancy or puerperium;
Type and date of delivery, gestational age at delivery (in weeks);
Type of anesthesia used during delivery;
Neonatal complications related to maternal heart disease (congenital malformations or consequences of medications used during pregnancy);
Cardiovascular complications during delivery and puerperium;
Obstetric complications of pregnancy, delivery, and puerperium;
Hospitalization for treating cardiovascular complications during pregnancy or puerperium;
Late maternal death: considering 12 months after delivery.

Chart 2 – Heart disease diagnosis
Valvular heart disease
Cardiomyopathies
Aortic diseases

Congenital heart disease
Pericardial disease
Ischemic heart disease

Inflammatory or infiltrative heart disease
Cardiac arrhythmia with intervention indication

Chart 3 – Complicating factors
Ventricular dysfunction

Fibrillation/atrial flutter

Pulmonary hypertension

Hypoxemia

Residual injury in the late postoperative period
Graft or prosthesis dysfunction

Int J Cardiovasc Sci. 2021; 34(4):452-458
Original Article

Avila et al.
The REBECGA Brazilian Registry of Pregnancy and Heart Disease

Chart 4 – Maternal cardiac complications
Heart failure

Acute pulmonary edema

Cardiac syncope

Acute myocardial infarction

Aortic dissection

Infective endocarditis

Arterial or venous thromboembolism
Need for anticoagulants
Cardiorespiratory arrest
Non-pharmacological intervention

Chart 5 – Pharmacological treatment during pregnancy
Loop diuretics
Calcium channel blockers
Vasodilators

Beta-blockers
Antiarrhythmics
Anticoagulants

Platelet antiaggregants

Women to be excluded from the study are 1)
patients with severe diseases (renal, hepatic, lymphatic,
neoplasms, and others); 2) patients with conditions that
interfere in their participation or capacity of concluding
the study; 3) those who did not present structural or
electrical heart disease. The studied variables will include
clinical, obstetric, and fetal complications, as well as
pharmacological and interventional management during
pregnancy (Charts 4 and 5).
Results of the 12-lead electrocardiography and the
two-dimensional transthoracic echocardiography will
be analyzed, and echocardiographic results related to the
structural cardiac injury will be considered. For example,
the echocardiographic data obtained for valvular heart
disease will not be the same as those for congenital
heart disease or cardiomyopathies, and so on. Cardiac
biomarkers will only be considered in case of acute
cardiac events occurring during pregnancy.

Data recording
Variables selected in this study (Charts 1–6) for
each patient will be stored in the Research Electronic
Data Capture (REDCap) platform, individually and
consecutively, in a specific form dedicated to this registry
(Table 1). Professionals responsible for collecting and
storing data in the various participant centers will

Others

undergo initial online training for guaranteeing quality
in data collection. The principal investigator in each
center will be responsible for consecutively recording
data obtained on the selected patients.

Expected outcomes
Primary: immediate and late mortality rates due to
heart disease;
Secondary: cardiac, obstetric, and fetal complications
and need for pharmacological or non-pharmacological
intervention related to heart diseases.

Data management and quality assurance
The REDCap platform was chosen because Hospital
das Clínicas da Faculdade de Medicina da Universidade
de São Paulo (HC-FMUSP) has the software license
and thus no additional costs with data management
would be generated for the project. In each participating
center, the team will fill out an electronic form at the
REDCap platform. Data management in the REBECGA
registry will include the following steps: 1) a REDCap
coordinating team will undergo training sessions before
the beginning of the study for guaranteeing consistency
throughout the project’s procedures, including data
collection and report generation; 2) participating
institutions will receive an Operations Manual with the
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Table 1 – Variables selected for inclusion in the REBECGA Registry
Research Electronic Data Capture (REDCap)
1)
2)

Patient identification: record number, age, date of birth, gestational age at first consult;
Characterization of heart disease: anatomical and etiological diagnosis, previous cardiovascular intervention (type and time/years),
complicating factors, associated structural heart injury;

3)

Obstetric history: number of pregnancies, deliveries, and miscarriages;

4)

Clinical characteristics: New York Heart Association (NYHA) functional classification at first prenatal consult;

5)

Comorbidities: chronic arterial hypertension, bronchial asthma, gestational diabetes, thyroid disorders, obesity (body mass index
[BMI] > 30 Kg/m2);

6)

Electrocardiographic variables;

7)

Echocardiographic variables (two-dimensional transthoracic echocardiography)

8)

Cardiac biomarkers: natriuretic peptide (BNP), troponin, international normalized ratio (INR), anti-factor Xa, others;

9)

Cardiovascular complications during pregnancy;

10)

Pharmacological intervention considering the class of medications with cardiovascular action;

11)

Anticoagulation – Use in the first, second, and third trimester, as well as on the seventh, 14th, and 42nd day after delivery.
Anticoagulants considered for the registry: low molecular weight heparin, unfractionated heparin, warfarin;

12)

Non-pharmacological intervention, considering percutaneous intervention
or heart surgery performed during pregnancy or puerperium;

13)

Type and date of delivery, gestational age at delivery (in weeks);

14)

Type of anesthesia used during delivery;

15)

Neonatal complications related to maternal heart disease
(congenital malformations or consequences of medications used during pregnancy);

16)

Cardiovascular complications during delivery and puerperium;

17)

Obstetric complications of pregnancy, delivery, and puerperium;

18)

Hospitalization for treating cardiovascular complications during pregnancy or puerperium;

19)

Late maternal death: considering time after delivery in months, cardiac and obstetric causes, or others.

description of each step of the protocol and will have
telephonic support for solving problems or doubts;
3) the Academic Research Organization (ARO) of the
project’s coordinating center will analyze monthly
reports, rates of events, and cardiac outcomes; 4) the
database centralized at the coordinating center will
perform internal verifications of validity and variation
for identifying errors or omissions and notifying the
participating institutions; 5) in the prospective stage,
we will accept a loss to follow-up of up to 5%; 6)
the coordinating team will perform an inspection at
institutions with monitoring purposes, if necessary.

Project management
The study will have an investigating committee
constituted by members of the DCM of the SBC, being
responsible for selecting participating centers and
managing the data registry platform. In each center,
the principal investigator is committed to selecting

patients, managing incomplete data, storing data on
the REDCap platform, and participating in periodical
meetings with the management committee for decisionmaking regarding the progress of the study.

Sample size
We w i l l p e r f o r m 3 i n t e r m e d i a t e a n a l y s e s
throughout the study: 1) the retrospective stage,
corresponding to the period between 2017 and
2020; 2) the prospective stage – phase 1, which
corresponds to the period between 2021 and 2023;
and 3) the prospective stage – final phase, between
2024 and 2026. In the retrospective stage, we will use
convenience sampling including pregnant women
who consecutively received care between 2017 and
2020. In the prospective stage, our sample calculation
estimates 300 to 350 women/year, which corresponds
to a mean number of 40 to 70 women/year to receive
care at the participating institutions.
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Statistical analysis
The normality of data distributions will be verified
through a Shapiro-Wilk test, with a significance level
of 5%, in addition to a graphical analysis by gg-plot
and histograms. Continuous variables with normal
distribution will be presented as means and standard
deviations, while those with non-normal distributions
will be presented as absolute and relative frequencies,
with the respective confidence intervals. For determining
the association between categorical variables, we
will use the chi-squared test where the odds ratio
will be established for dependent variables with a
significance level of 5% and a 95% confidence interval. For
quantitative variables, Pearson’s correlation coefficient
will be employed for determining the correlation between
variables, based on the same significance level. Estimates
for quantitative variables with normal distribution will use
the unpaired Student’s t-test with a 5% significance level.
Non-parametric variables, if dependent, will be compared
via a Wilcoxon test; if independent, the Mann-Whitney test
will be employed for statistical inference. All analyses will
be performed using R software, version 4.0.5.

Ethical aspects
This study was approved by the Ethics and Research
Committee of HC-FMUSP – Protocol No. SDC5232/21/007
– and will be conducted according to the current Brazilian
legislation on research ethics, including Resolutions
466/2012 – CNS-CONEP and 510/2016 – CNS. This clearance
allows each participating center to submit a protocol to local
committees. Eventual amendments to the protocol will also
require approval by the ethics committees, if applicable,
according to local laws and regulations.
Confidentiality regarding the study data will be
guaranteed by the safe electronic retransmission to
the coordinating center, with strictly confidential data
storage and maintenance according to the current
legislation. Participants will not be identified at any time.
The study will be conducted by the Clinical Research
Projects Committee of the DCM of the SBC, and its
content is intellectual property of this committee; the use
of the study data for other ends that not the REBECGA
Registry is thus considered illegal.

Result publication
Publications related directly to the main results of
the REBECGA Registry will be produced with group

The REBECGA Brazilian Registry of Pregnancy and Heart Disease

authorship and the roles of all investigators will be
recognized in an appendix and under the responsibility
of the Registry’s Investigating Committee. Subsequent
publications will be authored by specific individuals,
representing investigators of the REBECGA Registry.
The selection of professionals for leading the writing
of these subsequent publications by the Registry’s
Investigating Committee will depend on their roles and
contributions to the study, as well as on their interests
and scientific knowledge. Data will be published after
conclusion of the 3 stages and will be available in the
DCM at the SBC website.
Coordinating center: Project Management Unit
of Instituto do Coração (InCor), HC-FMUSP, Rua Dr
Enéas Carvalho de Aguiar, No. 44, Cerqueira César – SP.
Postal Code: 05403-000.

Funding
The REBECGA registry is property of the DCM
in partnership with the SBC and will use financial
resources allocated to its execution. Resources will be
raised with the support of the SBC and Research Support
Foundations (FAPs) of each state involved in the study.
The project will be submitted to PROADS, CNPq and
CAPES after their respective calls for proposals.

Study limitations
In the retrospective stage, data loss could happen
when considering that no uniform protocol was adopted
beforehand. In the prospective stage, there will be
no control group since this is an observational study.
Resource inequalities, the fact that the maternity ward is
located near the cardiology center, and differences in the
number of patients in each center will be considered in
the statistical analysis. At this moment, the South region
does not have a representing institution fulfilling the
criteria established by our methodology.
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REBECGA Registry: A Multicenter Study for the Reduction of Maternal Mortality Due to
Heart Diseases Manifested During Pregnancy
Karyne Pollo de Souza

and Christianne Brêtas Vieira Scaramello

Universidade Federal Fluminense - Instituto Biomédico, Niterói, RJ – Brazil
Editorial referring to the article: The REBECGA Brazilian Registry of Pregnancy and Heart Disease: Rationale and Design

According to the literature, although the prevalence
of heart disease in pregnancy varies considerably among
countries, cardiovascular disease is responsible for 1% to
4% of complicated pregnancies in industrialized countries.
This pattern is related to cardiovascular risk factors,
such as smoking, diabetes, obesity, and hypertension,
especially in low- and middle-income countries, as well
as late motherhood and the presence of congenital heart
disease, mainly in high-income countries.1,2
Improved diagnostic methods and therapeutic
alternatives have encouraged maternity by promoting
safer pregnancies. However, heart disease is still the
leading non-obstetric cause of maternal mortality
worldwide. Although the rate of maternal mortality has
decreased in Brazil over the last three decades, it continues
to be higher than estimated for this millennium.3
As noticed throughout the world, the percentage of
congenital heart disease during pregnancy has risen in
Brazil over the past 50 years due to improved surgical and
late postoperative treatment that allowed an increased
number of children with congenital heart disease to
reach childbearing age. The well-accepted World Health
Organization classification of the risk stratification model
for pregnancy in patients with congenital heart disease
considers this condition as risk III, meaning medical
advice against pregnancy.4
Pregnancy leads to intrinsic hormonal stimulation
in the organism and physiological changes of the
cardiovascular system, which are necessary for adequate
pregnancy development. The consequent hemodynamic

Keywords
Heart Diseases; Pregnant Women; Maternal Mortality;
Multicenter Study.

overload may reveal previous heart diseases or aggravate
the functional state of underlying heart disease. Thus,
it may increase the risk of adverse maternal cardiac,
obstetric, fetal, and neonatal outcomes.5
The quality of healthcare provided to women during
prenatal care reflects the population’s living conditions,
and a country’s maternal mortality rate is one of the most
sensitive indicators.3 The coexistence of cardiac disease
and pregnancy presents challenges across the spectrum
of prevention, diagnosis, treatment, and health service
delivery that are unique for both mother and baby.5
In this context, the proposal of Avila et al. 6 ,
encompassing the development of a multicenter
Brazilian registry of pregnant women with heart disease
(REBECGA Registry) with the aim of contributing
to planning preventive measures, fundraising for
improvement of prenatal care for high-risk pregnancies,
and reducing immediate and late maternal mortality due
to heart disease is beyond interesting; it is necessary.
Avila et al.6 intend to study the causes of immediate
and late maternal mortality, ascertaining the prevalence
of heart disease in the country's macroregions. To achieve
this purpose, they will conduct an observational study,
encompassing retrospective (data from medical records
between 2017 and 2020) and prospective (data from faceto-face consultations between 2020 and 2026) analysis of
clinical and obstetric evolution of pregnant women with
heart disease, with one year of follow-up after delivery.
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The project will be conducted in public and private
hospitals with compatible infrastructure, a responsible
researcher, and approval by the respective Ethics and
Research Committees.6
An Investigation Committee, formed by members
from the Department of Women's Cardiology of
the Brazilian Society of Cardiology, will select the
participating centers and coordinate the platform of the
data record. The responsible researcher from each center
will select patients according to the defined inclusion
and exclusion criteria, manage incomplete data, insert
data in the Research Electronic Data Capture (REDCap)
platform, and participate in the Committee’s meetings
to contribute to study progress.6
In addition to the inclusion and exclusion criteria, the
variables to be analyzed, outcomes, prospective sample
size, and statistical analysis have been well defined in the
proposal. Furthermore, data quality management and
assurance have also been described. Thus, the proposal
seems to be well outlined, presenting few specific
limitations, which the authors have already mentioned.
It is worth noting that the project has been approved by
the Ethics and Research Committee of Hospital of the

Clinics, Faculty of Medicine, University of São Paulo,
which is the coordinating center of the study.6
A similar study was conducted by Roos-Hesselinket
et al.7 They observed that patients with cardiomyopathy
and pulmonary arterial hypertension are high risk, while
relatively good outcomes are expected for women with
congenital heart disease. They stated that pregnancy
should only be discouraged to women with very high
risks. They also quoted some pre-pregnancy predictors
for mortality and/or heart failure, such as NYHA class > II,
systemic ventricular ejection fraction < 40%, signs of heart
failure, and the use of anticoagulants. Roos-Hesselinket
et al.7 concluded that, after 2010, maternal mortality and/
or heart failure rates decreased, particularly in emerging
countries, despite the increased number of high-risk
patients, highlighting the importance of further studies
to assess the optimal management of these patients.
Brazil is a continent-sized country. The literature
discusses that continental dimensions, heterogeneity,
and wide local diversity have to be considered to define
public policy and healthcare,8-10 making the proposal by
Avila et al.6 even more remarkable, given that they intend
to analyze the macroregions of the country.
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Vegetarian Diets and Cardiovascular Risk in Women
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Abstract
Background: Vegetarian diets have favorable effects on cardiovascular risk, provided that they do not contain
ultra-processed foods (UPF).
Objective: To compare the metabolic profile, cardiovascular risk, body composition, and food consumption in
vegan (VEG), lacto-ovo vegetarian (LOV), and omnivorous (OMNI) women. To verify the association between UPF
consumption and cardiovascular risk.
Methods: Cross-sectional study with 119 VEG (n = 43), LOV (n = 38), and OMNI (n = 38) women. Anthropometric
and biochemical parameters and the Framingham risk score were assessed. Food consumption was assessed
by means of a 3-day food register, and intake of macronutrients, micronutrients, and UPF was estimated. The
correlation between UPF consumption and cardiovascular risk was assessed using Spearman’s coefficient, with a
significance level of 5%.
Results: The groups showed low cardiovascular risk, without significant difference between them. The VEG and
LOV groups had lower body mass index, neck circumference, body shape index, and systolic blood pressure (p
< 0.05) than the OMNI group; greater consumption of carbohydrates, sugars, dietary fibers, micronutrients, betacarotene, and carotenoids; and lower consumption of total fat, saturated fatty acids, and cholesterol (p < 0.05).
Consumption of UPF was lower in the LOV group (5.7 [0.0– 19.8]) than in the OMNI group (14.9 [5.1 – 22.3]; p <
0.05). UPF consumption was associated with SBP (ρ = 0.439; p = 0.007) and blood sugar (ρ = 0.422; p = 0.010) in the
VEG group, and in the LOV group it was inversely associated with LDL-c (ρ = −0.456; p = 0.010).
Conclusion: Vegetarian women showed better body composition and dietary quality than OMNI women. It is
important to take consumption of UPF in vegetarians into consideration, in order to improve cardiovascular risk
in women.
Keywords: Vegetarian Diet; Vegan; Women; Risk Factors; Industrialized Foods.

Introduction
Worldwide prevalence of cardiovascular disease
(CVD) practically doubled from 271 million (95%
uncertainty interval [UI]: 257 to 285 million) in 1990

observed in hospitalizations due to CVD and acute
myocardial infarction, which has occurred mainly
due to an increase in the prevalence of obesity and
cardiometabolic risk factors.2In Brazil, according to

to 523 million (95% UI: 497 to 550 million) in 2019,
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and the number of deaths due to CVD increased
constantly from 12.1 million (95% UI: 11.4 to 12.6
million) in 1990 to 18.6 million (95% UI: 17.1 to 19.7
million) in 2019.1In young women, an increase has been
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data from the Informatics Department of the Unified
Health System (DATASUS, acronym in Portuguese),
in 2019, 17.2% of deaths that occurred in women
of childbearing age were due to circulatory system
diseases, thus representing the second leading cause
of mortality in this group.3
Considering that the majority of cardiometabolic
risk factors do not occur with clinical manifestations,
early identification can be important in order to modify
prognosis of CVD. Accordingly, some tools have been
suggested to predict cardiovascular risk, such as the
Framingham Risk Score (FRS), which assesses short-term
risk of coronary artery disease (CAD), and traditional
anthropometric indices, such as body mass index (BMI),
waist circumference (WC), and waist-to-height ratio
(WHR), as well as new indices, such as lipid accumulation
product (LAP), body roundness index (BRI), and body
shape index (ABSI).4,5
In relation to strategies for modifying the course
of CVD, diet plays a crucial role. Different dietary
patterns (DP) such as the Dietary Approaches to Stop
Hypertension (DASH) eating plan, the Mediterranean
DP, and the vegetarian DP have been proposed by
the American Heart Association/American College
of Cardiology (AHA/ACC) both for prevention and
treatment of CVD and in general, emphasizing the
increased consumption of vegetables, fruits, whole
grains, and legumes and limited intake of red meat,
sweets, sugar-sweetened beverages, and salty or highly
processed foods.6
In recent years, the number of vegetarians has
increased, and this DP has been associated with health
benefits, given that it involves reduced cardiometabolic
risk factors, and it may contribute to a lower prevalence
of CVD.7-9 The benefits of the vegetarian DP result from
increased consumption of vegetables, sources of fiber,
and phytonutrients, which reduce inflammation and
oxidative stress, providing cardiovascular protection.10
Although plant-based diets have been associated with
lower risk of CVD, they may not always have beneficial
health effects, in the event that they are rich in unhealthy
plant foods (sugar-sweetened juices/beverages, refined
grains, fried potatoes, sweets). 11 It is known that
consumption of ultra-processed foods (UPF) is associated
with the main cardiovascular risk factors, such as
obesity, hypertension, dyslipidemia, hyperglycemia,
and hyperinsulinemia; reduced consumption of these
foods is, therefore, recommended.12 Few studies in the

literature have investigated the consumption of UPF in
vegetarians, especially in women.13,14
It is important to comprehend the nutritional profile
of women and to compare different DPs in order to
verify their associations with diseases, such as CVD,
thus establishing nutritional behavior protocols for
prevention. In this manner, the objective of this study
was to compare the metabolic profile, cardiovascular
risk, body composition, and food consumption in women
who adhered to vegan (VEG), lacto-ovo–vegetarian
(LOV), and omnivorous (OMNI) diets, as well as to verify
consumption of UPF.

Individuals And Methods
Study Groups
This cross-sectional study was conducted between
January and July 2019, with a convenience sample of 119
women selected at a clinical nutrition outpatient clinic,
in Rio de Janeiro. Women ages 20 to 59 years old were
selected; they had adhered to the DP for at least 6 months,
and they were divided into the following groups: VEG
(no consumption of any products of animal origin), LOV
(consumption of eggs, milk, and dairy products), and
OMNI (consumption of red meat, fish, chicken, eggs,
milk, and dairy products. Pregnant and breastfeeding
women were excluded.
This study received approval from the Ethics
Committee of the Clementino Fraga Filho University
Hospital of the Federal University of Rio de Janeiro, and
it was registered under number 89033118.1.0000.5257. All
participants signed a free and informed consent form.

Anthropometric, body composition, blood pressure,
and cardiovascular risk assessment
Anthropometric assessment was carried out,
including measurements of body mass in kg, height
in m, waist circumference (WC) in cm, and neck
circumference (NC) in cm. Body mass index (BMI) was
calculated (weight/height²) and classified in accordance
with the parameters established by the World Health
Organization. 15 The waist-to-height ratio (WHR), 16
visceral adiposity index (VAI),17 LAP,18 BRI,19 and ABSI
were also calculated and classified.20
Body composition was assessed by tetrapolar
bioimpedance (Biodynamics 450,biodynamics
corporation, Washington), and body fat percentage
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was classified according to Lohman et al. 21. Blood
pressure was measured by the auscultatory method.22
Cardiovascular risk was calculated by means of the FRS,
using the standardized calculator (https://qxmd.com/
calculate/calculator_253/framingham-risk-score-atp-iii),
which takes the following variables into account: sex, age,
total cholesterol, high-density lipoprotein (HDL), systolic
blood pressure (SBP), use of medications for systemic
arterial hypertension, and smoking.4

Biochemical Assessment
Blood samples were collected in the morning, after a 12hour fasting period, in tubes with gel to obtain serum; 30
minutes after collection, blood samples were centrifuged
for 15 minutes at 4,000 rpm. Serum concentrations of
glucose, triglycerides, HDL, and total cholesterol were
determined by the enzymatic method, using an automated
biochemical analyzer (Labtest Diagnostica SA, Vista
Alegre, Lagoa Santa – Mg. Brazil). Low-density lipoprotein
(LDL) concentrations were calculated using the Friedewald
formula.23 Serum insulin concentration was obtained by
chemiluminescence, and insulin resistance was estimated
using the homeostasis model assessment of insulin
resistance (HOMA-IR) index.24

Assessment of Food Consumption and Degree of
Physical Activity
Consumption of energy, macronutrients, and
micronutrients was assessed using a 3-day food
register (2 typical and 1 atypical days), and data were
analyzed using Food Processor software, version 7.2
(EshaResearch, Salem, MA, USA). Assessment of the
adequacy of nutritional composition of micronutrients
was based on Dietary Reference Intakes.25 Adequate
consumption of fiber, saturated fat, and sodium was
established based on the guidelines of the Brazilian
Society of Cardiology.26 Consumption of processed
foods and UPF was classified according to the NOVA
classification, by Monteiro et al.27
Degree of physical activity was assessed by the
short version of the International Physical Activity
Questionnaire.28

Statistical Analysis
Statistical analyses were conducted using IBM®
SPSS® Statistics software, version 25 (Armonk, NY,
USA). Categorical variables were shown as percentages

Vegetarian diets and cardiovascular risk

and analyzed using the chi-square (χ²) test. Normality of
variables was evaluated using the Kolmogorov-Smirnov
method. Continuous variables were represented as
median and interquartile range, because they did not
show normal distribution. For comparison between
groups, the Kruskal-Wallis test with post hoc Bonferroni
was used. Spearman’s correlation coefficients were used
to evaluate correlations between percentage of total
energy value from UPF and cardiovascular risk factors.
Values were considered significant when p < 0.05.

Results
A total of 119 women were included in the study. Their
characteristics are shown in Table 1. Of these participants,
43 (36%) were VEG, with median age of 29 (24 to 35)
years; 38 (32%) were LOV, with median age of 27.5 (22
to 36) years; and 38 (32%) were OMNI, with median age
of 33.5 (27 to 40) years. The VEG and LOV group had
higher level of schooling than the OMNI group.
The prevalence of excess body mass (overweight or
obesity) in the study population was 25.6% in VEG,
26.3% in LOV, and 57.8% in OMNI. Even though the
cutoff values of the anthropometric indices were within
adequate values for all groups, VEG and LOV had lower
BMI, NC, and ABSI compared to OMNI. Furthermore,
SBP was significantly lower in the groups that adhered to
vegetarian DPs (VEG and LOV). Moreover, the LOV group
had significantly lower WHR, WC, BRI, and DBP values
than the OMNI group, and LDL-c concentrations were
lower in the VEG group than in the OMNI group (Table 2).
With the aim of assessing short-term risk of CAD, the
FRS was calculated, and it showed that all study groups
had low (1%) risk of CAD in the short term (≤ 10 years),
without any statistically significant difference (p = 0.340).
When assessing food consumption, it was observed
that VEG and LOV had higher consumption of
carbohydrates; sugars; dietary fiber; vitamins A, C, and
E; potassium; beta-carotene; and carotenoids, as well
as lower consumption of total fat, saturated fatty acids,
cholesterol, sodium, and Na/Kcal ratio than the OMNI
group. Moreover, UPF consumption was significantly
lower in LOV (5.7 [0.0 – 19.8]) than in OMNI (14.9 [5.1 –
22.3]; p < 0.05), as can be observed in Table 3.
The correlation test between percentage of TEV from
UPF and cardiovascular risk factors demonstrated that
consumption of UPF was positively associated with
SBP (ρ = 0.439; p = 0.007) and blood sugar (ρ = 0.422; p =
0.010) in the VEG group and negatively associated with
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Table 1 – Sociodemographic characteristics according to type of diet adopted

Age (years)
Per capita income (MW)

VEG
(n 43)

LOV
(n 38)

OMNI
(n 38)

p value

29 (24-35)

27.5 (22-36)

33.5 (27-40)

0.07

0.03 (0.001-1.2)

0.7 (0.001 – 2)

1.5 (0.4-2)

0.20

(0) - 0%
(2) - 4.7%

(1) - 2.6%
(3) - 7.9%

(6) - 15.8%
(11) - 28.9%

0.001

(41) - 95.3%

(34) - 89.5%

(21) - 55.3%

Level of schooling (n, %)
Primary
Secondary
Tertiary
Skin color (n - %)
Black

(4) - 9.3%

(2) - 5.3%

(7) - 18.4%

Mixed
White

(13) - 30.2%
(26) - 60.5%

(10) - 26.3%
(26) - 68.4%

(15) - 39.5%
(16) - 42.1%

0.15

3 (1.2 – 5)

2 (1 – 4)

0 (0-0)

0.10

Nutritional follow-up (n, %)

(20) - 46.5%

(17) - 44.7%

(11) - 28.9%

0.22

Alcohol use

(22) - 51.2%

(20) - 52.6%

(10) - 26.3

0.06

Smoking

(0) - 0%

(2) - 5.3%

(2) - 5.3%

0.08

SAH

(0) - 0%

(1) - 2.6%

1- 2.6%

0.14

DM

(0) - 0%

(0) - 0%

(2) - 5.2%

0.11

CVD

(0) - 0%

(1) - 2.6%

(0) - 0%

0.17

Active (n, %)

(33) - 76.6%

(24) - 63.2%

(23) - 62.5%

0.58

Sedentary (n, %)

(10) - 23.4%

(14) - 36.9%

(13) - 37.5%

Duration of vegetarianism (years)

Degree of physical activity (IPAQ)

Values shown as median and interquartile range and frequency (n, %). Chi-square test for categorical variables. Kruskal-Wallis test with post hoc
Bonferroni for continuous variables. Values considered statistically significant: p < 0.05. CVD: cardiovascular disease; DM: diabetes mellitus; IPAQ:
International Physical Activity Questionnaire; LOV: lacto-ovo vegetarian; MW: minimum wage; OMNI: omnivorous; SAH: systemic arterial
hypertension; VEG: vegan.

LDL-c (ρ = −0.456; p = 0.010) in the LOV group, as can
be observed in Table 4. No associations were observed
between UPF consumption and the FRS and 10-year risk
of CVD in any of the groups.
The main results of this article can be seen in Figure 1.

Discussion
In this study, women who adhered to a vegetarian DP had
better body composition and dietary quality, in comparison
with the OMNI DP. In the VEG group, UPF consumption
was associated with higher blood sugar and SBP.
Our sample was characterized by young women, who
were apparently healthy, and the majority were active.
Consequently, the FRS indicated low short-term risk of

CAD for all groups, and the biochemical parameters were
within the limits of normality. Navarro et al.29 carried out
a cross-sectional study, with 88 apparently healthy men
(44 vegetarians and 44 omnivores), age ≥ 35 years, and
they observed FRS < 10; however, they found that risk
of CAD, assessed by the FRS, was lower in vegetarians,
as were some cardiovascular risk factors, suggesting that
a plant-based diet could be considered protective for
cardiovascular health.
The identification of individuals who are susceptible
to developing CVD is extremely important and, at
the same time, challenging, especially in those who
are asymptomatic. The performance of scores for
predicting cardiovascular risk varies considerably
between populations, and evidence that supports
the use of cardiovascular risk scores for primary
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Table 2 – Blood pressure, body composition, and biochemical data, according to type of diet adopted
Variables

VEG
(n 43)

LOV
(n 38)

OMNI
(n 38)

BMI (kg/m²)

22.3 (20.2-25.2)

22.2 (20.9-25.2)

25 (22.4-28.9) a.b

Fat mass (%)

26.6 (24 -30.2)

26.4 (24.3-31.7)

27 (22.6-31.5)

73.2 (69.4 – 75.8)

73.6 (67.9 – 75.7)

71.2 (66.0 – 76.5)

WHR

0.5 (0.4-0.5)

0.4 (0.4-0.5)

0.5 (0.4-0.5) b

WC (cm)

74 (69 -80.5)

73.5 (69 – 77.6)

80.5 (72.7-85.2) b

NC (cm)

31.5 (30.4-33)

32 (30.9-33.1)

33.6 (31-36) a.b

VAI

0.9 (0.7-1.3)

1.05 (0.8-1.4)

1.01 (0.7-1.6)

LAP

12.8 (7.04-19.2)

13.9 (8.2-22.2)

17.2 (10.9-29.8)

CI

1.1 (1.08-1.2)

1.1 (1.07-1.2)

1.1 (1.07-1.2)

ABSI

0.6 (0.5-0.6)

0.5 (0.5-0.6)

0.5 (0.4-0.5) a.b

BRI

1.4 (1.2-1.6)

1.4 (1.2-1.5)

1.6 (1.3-1.8) b

SBP (mmHg)

110 (100-110)

105 (100-110.5)

115 (110-120) a.c

DBP (mmHg)

70 (70-80)

70 (70-80)

80 (70-80) b

Blood glucose (mg/dL)

80 (73-89)

77 (70.8-86)

76 (68-83)

Insulin (mIU/mL)

8 (4.8-13)

8 (6.8-13.3)

11 (6.5-15)

1.7 (0.75-2.7)

1.6 (1.1-2.4)

2.1 (1.3-3)

75 (57-91)

79.5 (63-102.8)

74.5 (57.5-101)

162 (140-183)

175.5 (153.2-205.5)

181 (153-213.3)

LDL-c (mg/dL)

86 (70-104)

98 (80.3-118.3)

106 (86.7-123.5) a

HDL-c (mg/dL)

59 (49-68)

62 (47.8-70.3)

59 (47-67.3)

Lean mass (%)

HOMA-IR
Triglycerides (mg/dL)
TC (mg/dL)

Values shown as median and interquartile range. Kruskal-Wallis test with post hoc Bonferroni to analyze significance level. Values considered statistically
significant: p < 0.05. a p < 0.05 between OMNI and VEG; b p < 0.05 between OMNI and LOV; c p ≤ 0.001 between OMNI and LOV. ABSI: body shape
index; BMI: body mass index; BRI: body roundness index; CI: conicity index; DBP: diastolic blood pressure; HDL: high-density lipoprotein; LAP: lipid
accumulation product; LDL: low-density lipoprotein; SBP: systolic blood pressure; TC: total cholesterol; TG: triglycerides; VAI: visceral adiposity index;
WC: waist circumference; WHR: waist-to-height ratio.

prevention is scarce.30 Furthermore, women have sexspecific factors (early menarche, hormonal factors,
autoimmune conditions, pregnancy-associated factors,
etc.), which have demonstrated association with increased
cardiovascular risk.31 Accordingly, it is necessary to create
new models in order to assess cardiovascular risk in this
specific group and to determine the role of these scores
in predicting cardiovascular risk in primary prevention.
When comparing DPs, studies have shown that
vegetarians have lower BMI and WC than omnivores.9,32
In a cohort of 49,098 adults in Taiwan, a lower prevalence
of overweight was observed in vegetarians than in nonvegetarians; the authors also found that, for each year on a

vegan diet, the risk of obesity decreased by 7%.33 We also
found that omnivores had more overweight and greater
WC, NC, WHR, ABSI, and BRI than vegetarians. New
anthropometric indices have been used to assess the risk
of CVD; the BRI, for example, is an index based on WC
and height, and it has demonstrated a good capacity for
identifying risk of CAD in women;5 there are, however, no
studies in the literature that compare these new indices
in vegetarians and non-vegetarians.
Different DPs, and food choices may contribute to the
development of diseases, and food choices may contribute
to the development of diseases. In this study, we observed
that the VEG and LOV groups had more balanced diets
that were rich in fibers and adequate in terms of nutrients,
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Table 3 – Food consumption according to type of diet adopted
Variable

VEG

LOV

OMNI

1751.9 (1348.7-2231.2)

1431.2 (1119.5-1861.6)

1447.7(1155.7-1711.2) a

8.8 (0.4-14.4)

5.7 (0.0-19.8)

14.9 (5.1-22.3)

2.7 (0.0-9.3)

0.0 (0.0-4.2)

6.3 (0.0-24.4) b

Proteins (% TEV)

12.7 (11.1 – 16.4)

15.6 (12.3 – 20.6) f

19.5 (22.5 – 29.7) d

Carbohydrates (% TEV)

65.7 (59.5 – 72.9)

62.3 (57.1 – 70.2)

49.5 (43.2 – 54.5) d. e

Sugars (% TEV)

15.1 (10.9 – 20.7)

12.0 (9.7 – 19.4)

7.1 (5.0 – 10.8) b.d

Dietary fiber (g)

42.5 (34.7-52)

35.1 (26.9-45.7)

13.8 (11.9- 22.3) d.e

22.7 (16.2 – 25.8)

20.7 (14.0 – 29.5)

28.4 (23.5 – 30.3) a.b

3.4 (2.7-4.4)

5.1 (3.0-7.1)

10.5 (8.9-12.5) d.e

Monounsaturated fatty acids (% TEV)

5.0 (3.0 – 7.5)

3.1 (1.7 – 5.5)

6.2 (4.1 – 7.6) b

Polyunsaturated fatty acids (% TEV)

2.3 (1.0 -3.3)

2.4 (1.6 – 3.3)

10.5 (0.0 – 23.2)

25.0 (10.1 – 64.9)

3.9 (1.6-8.1)

4.3 (2.1-8.2)

5.5 (4.2-8.4)

Sodium (mg)

1152 (854.2-1705.1)

1010.7 (771.1-1479.3)

1548.7 (1154.7-2148.4) a.b

Na/Kcal ratio

0.7 (0.5-0.98)

0.7 (0.6-1.07)

1.3 (0.96-1.68) d.e

Folic acid (mcg)

341.1 (225.4-507)

280.9 (143.3-408.5)

236.3 (144.7-356.3) a

Vitamin A (IU)

9958.8 (6016.9 - 12130.4)

10230.8 (4365.1 - 13978.8)

3141.5 (1579.6-9180.6)

Vitamin B12 (mcg)

0.04 (0.00 -0.77)

0.2 (0.08-0.30)

2.2 (1.06-3.8) d.e

Vitamin C (mg)

82.8 (48.8-127.9)

75.7 (41.1-159.2)

20.4 (12.0-66.1) d.e

Vitamin D (IU)

0. 0 (0.0 – 0.2)

1.6 (0.1-4.8) c

9.6 (5.9-25.7) d.e

Vitamin E (mg)

2.8 (1.5-5.6)

1.3 (0.97-2.2)

1.1 (0.7-1.8) c.d

339.1 (257.4-512.6)

380.3 (278.7-497.1)

307.9 (185.7-369.7)

15.4 (11.8-18.8)

12.7 (9.8-18.3)

11.3 (8.9-14.7) a

235.6 (196.7-339.6)

213.4 (131.3-258.6)

135.6 (113.7 – 249.6) a

1969.6 (1410.6-2615.5)

1759.9 (1309.1-2288)

1308.3 (947.1-1611.6) a.b

Zinc (mg)

4.3 (3.6-5.5)

3.9 (2.5-5.1)

5.9 (5.2-10.6) a

Beta-carotene (mg)

4.2 (1.6-6.3)

3.4 (2 - 6.2)

1.4 (0.3-2.3) d.e

Carotenoids (mg)

987.4 (519.7 – 1212.5)

1015.6 (366.3-1318.4)

261 (94.5 – 523.2) d.e

Energy (kcal)
Processed foods (% TEV)
Ultra-processed foods (% TEV)

Total fats (% TEV)
Saturated fatty acids (% TEV)

Cholesterol (mg)
Omega-6/omega-3 ratio

Calcium (mg)
Iron (mg)
Magnesium (mg)
Potassium (mg)

1.7 (1.1 – 2.3)
c

216.9 (158.9-272.7) d.e

Values shown as median and interquartile range. Kruskal-Wallis test with post hoc Bonferroni to analyze significance level. Values considered statistically
significant: p < 0.05. a p < 0.05 between OMNI and VEG; b p < 0.05 between OMNI and LOV; c p < 0.05 between LOV and VEG; d p ≤ 0.0001 between
OMNI and VEG; e p ≤ 0.0001 between OMNI and LOV; f p ≤ 0.001 between LOV and VEG. TEV: total energy value.

such as vitamins A, C, and E and carotenoids, and low in
saturated fatty acids, cholesterol, and sodium. Bowman et
al.34 also observed differences between the vegetarian and
omnivorous DPs; the first was characterized by greater
consumption of micronutrients and lower consumption
of saturated fat and sodium.

Greater intake of fruits, vegetables, and legumes is
associated with lower risk of CVD, acute myocardial
infarction, cardiovascular mortality, non-cardiovascular
mortality, and total mortality. This is because these foods
contain antioxidants and polyphenols, such as vitamin
C, vitamin E, and carotenoids, which can prevent lipid
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Table 4 – Spearman correlation between percentage of total energy value from ultra-processed foods and cardiovascular
risk factors, by dietary group
VEG

LOV

OMNI

ρ

p value

ρ

p value

ρ

p value

BMI (kg/m²)

−0.123

0.473

0.240

0.193

−0.082

0.661

Fat mass (%)

−0.161

0.348

0.047

0.802

−0.044

0.813

WHR

−0.18

0.917

0.083

0.657

0.137

0.463

WC (cm)

−0.019

0.193

0.113

0.546

0.116

0.534

NC (cm)

0.033

0.847

0.121

0.516

−0.216

0.243

VAI

−0.043

0.804

0.050

0.788

0.183

0.325

LAP

−0.023

0.894

0.116

0.534

0.131

0.482

CI

0.049

0.777

−0.075

0.690

0.297

0.105

ABSI

0.174

0.310

−0.303

0.098

0.237

0.200

BRI

−0.052

0.764

0.099

0.596

0.123

0.510

SBP (mmHg)

0.439*

0.007

0.011

0.951

−0.157

0.399

DBP (mmHg)

0.178

0.299

−0.096

0.607

−0.299

0.103

Blood sugar (mg/dL)

0.422*

0.010

−0.015

0.934

0.040

0.829

Insulin (mIU/mL)

0.003

0.988

0.066

0.748

0.002

0.993

HOMA-IR

0.094

0614

0.086

0.675

0.017

0.935

Triglycerides (mg/dL)

0.069

0.691

0.033

0.859

0.105

0.572

TC (mg/dL)

0.025

0.886

−0.293

0.110

−0.127

0.497

LDL-c (mg/dL)

−0.121

0.480

−0.456*

0.010

−0.097

0.605

HDL-c (mg/dL)

0.236

0.165

−0.87

0.641

−0.054

0.774

Values considered statistically significant: p < 0.05. ABSI: body shape index; BMI: body mass index; BRI: body roundness index; CI: conicity index;
DBP: diastolic blood pressure; HDL: high-density lipoprotein; HOMA-IR: homeostasis model assessment of insulin resistance; LAP: lipid accumulation
product; LDL: low-density lipoprotein; SBP: systolic blood pressure; TC: total cholesterol; TG: triglycerides; VAI: visceral adiposity index; WC: waist
circumference; WHR: waist-to-height ratio.

oxidation in the arterial vessel walls, reduce blood
pressure, and improve endothelial function, in addition
to the fibers that are associated with reduced insulin, total
cholesterol, and LDL.35 In contrast, saturated fatty acids
influence the production of inflammatory cytokines and
insulin resistance, and sodium increases blood pressure;
consequently, increased consumption of these nutrients
is associated with increased cardiovascular mortality.36-38
Although vegetarian diets are favorable to health,8,39
they may often not bring health benefits in the event that
they are composed of processed foods.11 We observed
greater consumption of UPF in the OMNI group, in
comparison with LOV. The VEG group, even though they

had low consumption of UPF, had elevated sugar intake
(> 10% of TEV). Silveira et al.13 studied 503 vegetarians
(83.7% women), and they observed that 60% consumed
UPF and sugar-sweetened beverages; the frequency of
excess daily intake of UPF (≥ 3 times daily) and sugarsweetened beverages (≥ 3 times daily) were 16% and
20%, respectively. Furthermore, excessive consumption
of UPF (≥ 3 times daily) was independently associated
with overweight. A recent cross-sectional study of the
NutriNet-Santé cohort, conducted in France with 21,212
participants with different DP (omnivorous, pescovegetarian, vegetarian, and vegan), found that increased
avoidance of foods of animal origin was associated with
increased consumption of UPF, demonstrating that not
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VEGAN DIET

LACTO-OVO
VEGETARIAN DIET

OMNIVOROUS DIET

↓BMI, ↓NC, ↓ABSI, ↓SBP, ↓LDL-c

↓BMI, ↓WHR, ↓WC, ↓NC,
↓ABSI, ↓BRI, ↓SBP, ↓LDL-c

↑BMI, ↑WHR, ↑WC, ↑NC, ↑ABSI,
↑BRI, ↑SBP, ↑LDL-c

↑Fibers, vitamins (A, C, and E),
β-carotene and carotenoids
↓SFA and sodium

↑Fibers, vitamins (A, C, and E),
β-carotene and carotenoids
↓SFA and sodium

↓Fibers, vitamins (A, C, and E),
β-carotene and carotenoids
↑SFA and sodium

!

↑Sugar and UPF

↑UPF

RISK OF CARDIOVASCULAR DISEASE
↑UPF -> ↑Glucose and SBP

Figure 1 – Effect of dietary pattern on cardiovascular risk in women.
ABSI: body shape index; BMI: body mass index; BRI: body roundness index;LDL: low-density lipoprotein; NC: neck circumference; SBP: systolic blood
pressure; SFA: saturated fatty acids; UPF: ultra-processed foods; WC: waist circumference; WHR: waist-to-height ratio.

all vegetarian diets necessarily bring health benefits, due
to the potential effects of UPF.
We observed an association of UPF consumption
with SBP and blood sugar in the VEG group. UPF are
energy-dense, and they usually have higher total fat,
saturated fat, sugar, and salt contents, as well as a lower
amount of fiber and vitamins. High consumption of
UPF is associated with increased prevalence of obesity,
dyslipidemia, metabolic syndrome, and CVD.12,40 It is,
accordingly, necessary to reduce consumption of these
foods, regardless of the DP adopted.
Study limitations include the small number of
volunteers, which can make it difficult to generalize the
results. Participants were young, apparently healthy,
and active; it is likely due to this that they did not show
alterations in biochemical parameters and had low
FRS scores. The lack of a tool to assess cardiovascular
risk in young women is also a limitation in the current

literature. Finally, the cross-sectional study design limits
the capacity to establish a causal association, making it
necessary to conduct prospective longitudinal studies in
the future in order to confirm these results. Nonetheless,
this was the first Brazilian study to characterize UPF
consumption and associate it with cardiovascular risk
factors in vegetarian women, comparing them with
other DPs.

Conclusion
Women who adhered to vegetarian DP had better
body composition and dietary quality than those with
OMNI DP, suggesting that the former DP can confer
benefits with respect to cardiovascular protection in
young women. Nevertheless, future studies should
consider consumption of UPF in vegetarians as a
modifiable risk factor for CVD.
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Cardiovascular diseases (CVD) remain the leading
cause of morbidity and mortality in women worldwide.
Especially for women, traditional risk factors fail to explain
most cases, deaths, and disability-adjusted life years
(DALYs) from CVD. Risk factors inherent to the female
sex and psychosocial aspects play an essential role in the
development of CVD in women. Efforts need to be made to
narrow the gap in diagnosis and treatment among women,
especially younger ones, among whom CVD prevalence is
increasing worldwide.1
Ischemic heart disease (IHD) remains a major threat to
public health, and the overall burden is increasing globally.
The GBD 2019 Study estimated 126.5 (95% UI, 118.6-134.7)
million prevalent cases of IHD in 2019 globally. Agestandardized rates for DALYs, deaths, and prevalent cases
declined from 1990 to 2019, probably due to population
growth and aging.2 In addition, IHD was the leading
cause of death and DALYs in Brazil in 2019 for both males
(12.22% of total death – 95% UI, 11.5%-12.77%; annual
percent change -0.022) and females (12.03% of total death
– 95% UI, 10.66%-12.88%; annual percent change 0.07). It
is important to note that there has been an increase in the
annual percent change in mortality from IHD in women in
recent years (Figure 1).3
The GBD 2017 estimated 1736 (95% UI, 1689-1779) DALYs
lost per 100 000 individuals due to IHD, with lower rates

Keywords
Cardiovascular Disease; Myocardial Ischemia;
Myocardial Infarction; Mortality; Prevalence; DisabilityAdjusted Life Years (DALY).

for females (1127; 95% UI, 1084-1163) than for males (2153;
95% UI, 2067-2216), in 2017 in Brazil. From 1990 to 2017,
there was a decline in DALYs lost for both males (-47%) and
females (-52%) in all Brazilian Federative Units (Figure 2).4
In addition, the GBD 2017 estimated 84 events of IHD per
100 000 inhabitants in 2017 in Brazil. The age-standardized
incidence was 104 per 100 000 inhabitants for males and
58 per 100 000 for females.4 The GBD 2017 estimated a
prevalence of IHD in 2017 of 2229 (95% UI, 2098-2372) and
1008 (95% UI, 938-1081) per 100 000 inhabitants for males
and females, respectively. The IHD prevalence increased
in both sexes from 1990 to 2017 (Figure 3). 4

Mortality due to myocardial infarction
Myocardial infarction (MI) is the leading cause of death
in Brazil nowadays. The MI mortality rate decreased
between 1996 and 2019, in both sexes, especially among
females, being more relevant in the state capitals than in
the inner areas. 4
According to the Brazilian Unified Health System (SUS)
Department of Information Technology (DATASUS), there
were 142 982 hospital admissions for MI in 2018, with inhospital mortality of 11%. In 2018, the DATASUS registered
10 811 primary angioplasties for MI, with in-hospital
mortality of 6.3% and a mean length of hospital stay of 5.1
days. In 2018, the total amount reimbursed for coronary
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Figure 1 – Death according to causes in 2019 and annual percent change from 1990 to 2019, for both sexes, all ages.3

interventional procedures by the SUS was R$ 569 314 580
(Int$ 280 727 110), of which R$ 73 429 322 (13%) (Int$ 36 202
821) were for primary angioplasties.4
In 2019 there were 56 559 deaths from MI in men and
38 991 in women, totaling 95 550 deaths from MI. Most
deaths occurred in the Southeast region, followed by the
Northeast and South regions, with higher rates for males.
The ratio between the gross rates of men and women in
Brazil in 2019 was 1.49 (varying from 1.4 in the Southeast
region to 1.8 in the Northeast region). These differences
were less pronounced in older ages because of the female
population aging.5

Pathophysiology and clinical implications
Myocardial infarction occurs mostly because
of atherosclerotic plaque rupture with endothelial
denudation, followed by sub-endothelial material
exposure to bloodstream, triggering the coagulation
process, with local formation of coronary thrombus and
occlusion. This phenomenon of plaque rupture occurs in
76% of men and 55% of women. Considering the age of MI
presentation, we can say that plaque rupture is rare in the
premenopausal period.6,7 Several other pathophysiologies
account for half of the other cases in women.6

The second most common cause of MI is plaque
erosion, which is more prevalent in women and occurs
both in post- and premenopause. Unlike rupture, it does
not lead to endothelial denudation. Optical coherence
tomography (OCT) has identified that plaque rupture
occurs in thin capsule plaques with more abundant
necrotic nuclei, typically called thin capsule fibroatheroma.
In contrast, plaque erosion occurs in plaques with a
larger fibrotic component and smaller necrotic core.
Thrombus visualization by OCT in these two different
pathophysiological situations has shown that the thrombi in
plaque erosions are characteristically older and present for
more days at the erosion site, leading to a more significant
occurrence of thromboembolic phenomena.6,7
Whether differences between plaque rupture and plaque
erosion require different therapies is still an open field of
study. We know that primary angioplasty with stenting
substantially modifies the clinical outcome of patients with
MI. However, whether stents are equally effective in both
pathophysiologies mentioned above is yet to be answered.
The diagnosis of MI in the absence of obstructive
coronary disease or with vessel stenosis smaller than
50%, known as MINOCA (myocardial infarction with
nonobstructive coronary arteries), occurs five times more
frequently in women, based on the VIRGO Study.8 In 1/3
of the cases, MI presents as ST-elevation MI (STEMI) and
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Figure 2 – Age-standardized DALYs, male (A) and female (B), per 100 000 inhabitants, due to IHD in 2017 and annual percent change
from 1990 to 2017.4
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Figure 3 – Age-standardized prevalence (A) and incidence (B) of IHD per 100 000 inhabitants in 2017 and annual percent change from
1990 to 2017, for both sexes.4

in 2/3 of the cases, as non-ST-elevation MI (NSTEMI). In

women. However, the presence of coronary spasm in

addition, MINOCA occurs due to vasospasm of epicardial

young women has worse prognosis than in older ones.

arteries, associated or not with microcirculation spasm

Microcirculation dysfunction is widely accepted in the

and dysfunction. Vasospasm, as a cause of MI, is rare.

literature as being more frequent in women and closely

It is controversial whether its prevalence is higher in

related to diabetes mellitus.9,10
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Two other causes of MINOCA that are more frequent
in women are spontaneous coronary dissection and
Takotsubo syndrome. Spontaneous dissection is directly
related to young women with no risk factor for coronary
atherosclerotic disease. 9 It is diagnosed in 10% of women
aged <50 years who present with MI, being associated
with the peri- and postpartum period, use of oral
contraceptives, and connective tissue diseases, mainly
fibromyalgia, with a recurrence rate of around 17%,
according to Mayo Clinic studies.10,11 The Takotsubo
syndrome is a cardiopathy related to intense physical or
emotional stress, being more frequent in older women.9
The MI pathophysiologies, other than plaque rupture
and erosion, are often underdiagnosed. They should
always be in the minds of doctors, who, otherwise,
will be at risk of misdiagnosing MI and consequently
performing false prognoses when correlating the
absence of obstructive coronary disease with an excellent
long-term prognosis. Several studies in the literature
have shown that patients with ischemia or MINOCA,
especially those with microcirculatory dysfunction, have
a less favorable prognosis.11-13
The correct diagnosis of MI directly influences the
patient's prognosis, requiring an adequate perception
of the referred symptoms to make the diagnosis as early
as possible, allowing the implementation of a treatment
capable of favorably changing clinical outcomes.
Pain perception is multifactorial and influenced by
physiological, anatomical, and psychosocial issues.
Women present more frequently with atypical
precordialgia and pain in the jaw, teeth, throat, back,
abdomen and shoulder, in addition to nausea, vomiting,
fatigue, and dyspnea.14
The population studied can influence the results.
Medical reports on the initial presentation of established
MI have shown that many women had atypical
symptoms leading to an incorrect diagnosis. Because of
that, women might have been excluded from the analysis
of clinical trials.13,15

Risk factors for ischemic heart disease and myocardial
infarction
The traditional risk factors for CVD are the same for
women and men. However, the differences in the prevalence
and impact of these factors vary between genders. Studies
point out that women with MI are generally older and have
more comorbidities, such as hypertension, dyslipidemia,
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diabetes, heart failure, and atrial fibrillation. Smoking
and diabetes mellitus have a more substantial impact on
women. Women <65 years of age with a maternal history
of MI are four times more likely to have MI than men of the
same age or older women. Young and middle-aged women
who smoke have a 25% higher risk of fatal and non-fatal
cardiovascular (CV) events.16
Women hospitalized with type 1 and type 2 MI have
lower socioeconomic status, higher levels of psychosocial
disorders, poorer physical/mental health, and lower
quality of life than men. Depression, trauma, and stress are
powerful predictors of CV risk in young and middle-aged
women because of their continuous increase in economic
participation and their search for educational achievement.16
Early menopause and postmenopause are associated
with an adverse risk for CVD. Estrogen has an antiinflammatory effect and promotes low vascular resistance,
protecting premenopause women. Estrogen reduction in
menopause has many adverse effects on CV function and
metabolism, including changes in body fat distribution,
endothelial dysfunction, vascular inflammation, increased
sympathetic tone, and increased insulin resistance
that contributes to hypertension. However, although
initially supported by extensive observational studies,
randomized controlled trials have failed to show any CV
benefit from menopausal hormone replacement therapy
(HRT). They have even demonstrated an increase in MI in
postmenopausal women. Thus, the use of HRT for primary
and secondary prevention of CVD remains controversial
and is currently not recommended.17
Iron deficiency is known to increase adverse CV
outcomes in women and men. There is a hypothesis
that changes in plasma iron levels and metabolism after
menopause would negatively affect the CV system due to
inflammatory cascade induction.18 Interestingly, a study has
suggested that iron level changes might be an alternative
mechanism responsible for the increased risk seen in
postmenopausal women. However, the iron hypothesis
remains controversial due to the lack of clinical trials to
support this thesis.19
Pregnancy-related complications are associated with
increased CV risk. A recent meta-analysis has concluded
that the risk of IHD was higher in women with a
history of preeclampsia, placental abruption, gestational
hypertension, and diabetes.20 In addition, the development
of gestational diabetes has increased the risk of IHD two to
three times up to 25 years after delivery.21 Pimiparas during
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premature delivery (<37 weeks of gestation) had a 1.5-time
greater risk of IHD.22
These traditional and gender-related risk factors increase
female susceptibility to MI and short-term adverse effects
after MI. Female gender is a risk factor for bleeding after
a percutaneous coronary intervention (PCI). This fact may
have contributed to the non-predilection for drug-eluting
stents in women. This risk may be even greater among
patients at high risk for bleeding. Factors, such as older age
and higher prevalence of comorbidities, confer a greater
ischemic risk on women. They promote an underutilization
of therapies directed to women in MI guidelines.23 In
addition, women with STEMI have an increased risk of
bleeding compared to men. Although the female sex may
not directly contribute to the increased risk of major adverse
cardiac events (MACE), it is associated with comorbidities
that increase the risk of ischemic events in the long term.24

Clinical and laboratory diagnosis
The risk factors for CVD are similar for both sexes.
However, the weight of the risk factors may be different.
Data from the INTERHEART Study suggest that 96% of
MI risk attributable to the female population occur due
to the so-called "modifiable" factors, such as smoking,
hypertension, diabetes, obesity, physical activity, alcohol
consumption, lipids, and psychosocial factors. Ethnicity
is a crucial factor for MI in the female sex because black
women have a higher prevalence of MI than the others,
including higher cardiac death rates. Asian and Indian
women also have higher mortality rates, likely to be
associated with higher CVD risk factors. 25,6
The main symptom that leads to the diagnosis and
should trigger treatment initiation in patients with
suspected MI is acute chest discomfort, described as pain,
pressure, tightness, and burning. Although most patients,
including women, have a typical condition, women most
often report atypical chest pain or associated symptoms,
such as dyspnea, fatigue, sweating, and epigastric pain.6
The 12-lead electrocardiogram (ECG) should be
performed within 10 minutes after the arrival of the patient
with suspected MI to the emergency room, or even in a
pre-hospital environment, especially in the search for
ST-segment changes.25 Persistent ST-segment elevation
lasting more than 20 minutes should trigger referral for
immediate reperfusion by primary PCI or, if not available
promptly, by fibrinolytic therapy. Patients with acute chest
discomfort but without persistent ST-segment elevation

may exhibit transient ST-segment elevation, persistent or
transient ST-segment depression, T-wave inversion, flat T
waves or T-wave pseudo-normalization; normal ECG is
found in approximately 30% of those patients.25
Measuring highly sensitive troponin is recommended
for all MI patients. However, it is worth noting that many
cardiac pathologies, in addition to MI, result in damage
to myocardial cells and, therefore, elevations in cardiac
troponin. Other biomarkers may be necessary in specific
clinical settings when used in combination with the nonhighly sensitive troponin T or I. For example, CK-MB
shows a faster decline after MI and may assist in the
detection of early reinfarction. The initial troponin levels
add prognostic information regarding short and long-term
mortality to the clinical and ECG variables. In addition,
serum creatinine and estimated glomerular filtration rate
should be determined in all patients with STEMI because
they affect the prognosis and are crucial elements of the
GRACE risk score. A GRACE risk score > 140 and dynamic
changes in the ST segment recommend an early invasive
approach (within 24 hours of admission). 26,27
Several non-invasive testing techniques may be
appropriate in detecting microvascular IHD in women.
For high-risk NSTEMI patients, catheterization remains
the standard reference approach.25,26
An analysis of 68 730 patients enrolled in ten STEMI
clinical trials has shown that women have higher rates
of all-cause mortality and similar MACE rates.26 Women
with MI should have equal access, immediate diagnosis,
and treatments at the same quality and intensity as those
offered to male patients. However, these women may
receive a higher dose of antithrombotic medication than
is appropriate to their weight or kidney function, or both.
These may be responsible for the increased risk of inhospital bleeding complications related to these patients’
vascular access. 26,27

Treatment
Since the 1980s, mortality from MI in women has
exceeded that in men.6 Some studies question the higher
MI mortality in women because previous analyses
referred to relative mortality, while the most recent trials
use standard mortality. Some variables interfere in this
MI-related mortality calculation and its associated factors
that could disappear when adjusted.28,29
Women receive less aggressive drug therapy because
they have more associated comorbidities, are older,
underdiagnosed, and delay the initial presentation
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with lower reperfusion therapy use. After adjusted
analysis, there would be no significant differences in
mortality between the sexes, decreasing in the STEMI
and disappearing or even favoring women in NSTEMI.29
Delay in women presenting to medical services to
receive initial reperfusion therapy, whether due to
thrombolytics or coronary angioplasty, is a challenge
to be overcome. Women benefit more than men from
primary angioplasty and have a worse prognosis than
men when the initial treatment is fibrinolysis.30 Reports
from the GUSTO (Global Utilization of Streptokinase and
Tissue Plasminogen Activator for Occluded Coronary
Arteries) Study show that women have more strokes,
heart failure, shock, bleeding, recurrent angina, and
infarction than men when undergoing thrombolysis.31
The study by Alabas et al.29 assessing mortality from
MI in the SWEDEHEART Registry, has shown statistically
significant differences between sexes in the application of
different therapies. Women received a lesser percentage of
reperfusion therapy by both fibrinolysis and angioplasty.
The same happens with drug therapy, including aspirin,
beta-blockers, statins, P2Y2 inhibitors, angiotensinconverting enzyme (ACE) inhibitors, and angiotensin
receptor blockers.29 These data reinforce the need to
intensify the population's and the health team's awareness
of the different symptoms in this group to decrease the
interval between symptom onset and therapy and improve
treatment to achieve the same management percentages
indicated in the guidelines for both sexes.
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First-generation drug-eluting stents have shown high
mortality in women; thus, some studies have preferred
to use conventional stents in women. However, stateof-the-art stents and even stents dedicated to patients
at high risk of bleeding are superior to previous ones in
decreasing MACE in this group.34
We must not forget that MINOCA cases require
adequate treatment, never inappropriately inferring
that the absence of obstructive coronary disease means
a better prognosis. Studies on the functional assessment
of vascular reactivity and microcirculation dysfunction
can identify MI causes and the need for individualized
treatment. The CorMicA Trial refers to therapy with
nitrates and calcium blockers in vasospasm and betablockers, statins, and ACE inhibitors in microcirculatory
disorders. 35 In spontaneous coronary dissections,
conservative treatment is the first choice, unless
hemodynamic instability is present.36

Invasive physiological assessment of myocardial
infarction in women

In cases of NSTEMI, early revascularization is also
favorable. The elevation of the myocardial necrosis
marker is essential for early intervention, which
can be more challenging in women. In the study by
Slagman et al., troponin has shown a lower positive
predictive value in women (53.5%; 95% CI: 42.4–64.3)
when compared to men (60.8%; 95% CI: 54.1–67.2) and
a slightly higher negative predictive value for women
than for men [97.1% (95% CI 96.0–97.9) vs. 96.3% (95%
CI 95.2–97.2), respectively].32

The use of physiological assessment as a
decision-making method for performing complete
revascularization in MI has been supported by the
DAMINI 3-PRIMULTI and ACUTE COMPARE trials.37,38
Both studies have used the fractional flow reserve (FFR)
to assess the functional importance of non-culprit artery
lesions. The DAMINI 3-PRIMULTI Trial has evaluated
the culprit artery 48 hours after the acute event and
primary angioplasty. The ACUTE COMPARE Trial has
performed the functional evaluation in the same primary
angioplasty procedure. Compared with the angioplasty
of the culprit artery alone, both studies have shown
decreased subsequent revascularizations when using
the FFR, with no decrease in hard outcomes, such as
death and infarction. The COMPLETE Trial, comparing
complete angiography-guided revascularization versus
target-lesion revascularization, has shown a reduction in
death and MI in a 3-year follow-up.39

Women are at higher risk of bleeding when undergoing
PCI.33 Females have a higher prevalence of risk factors
calculated in the HAS-BLED (Hypertension, Abnormal
renal and liver function, Stroke, Bleeding, Labile INR,
Elderly, Drugs, or alcohol) score. Women have a higher
incidence of atrial fibrillation during the acute event,
requiring oral anticoagulation associated with dual
antiplatelet therapy (DAPT) if submitted to intervention
with coronary stent, which increases the bleeding risk. 6

The FFR use in MI requires normal microcirculation
to react with maximum hyperemia after vasodilator.40
Although the instantaneous wave-free ratio (iFR)
does not dependent on the microcirculation and does
not require a vasodilator, it has not been evaluated
in the MI scenario. An FFR <0.80 suggests the need
for revascularization, and an FFR > 0.80 may be
overestimated because of the inadequate response to
microcirculation vasodilation in MI due to a decrease in
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the gradient between pre- and post-stenosis pressures.
(Figure 4).40
The impact of that analysis is more significant when MI
occurs in women, because they have a higher prevalence of
microcirculatory dysfunction. Women have been proven to
have higher mean FFR than men.6,41 A recent study assessing
the microcirculation situation in the non-culprit vessel
during the acute event, even with small sampling and 80%
being male, has found 93% of patients with some degree of
dysfunction and only 34% of abnormal FFR.42
It is worth noting that plaque erosion occurs
significantly more often in women in association of
higher frequency of distal microembolization that
mechanically impacts microcirculation.6 So far, there has
been no certainty as to how long after MI normalization
of the microcirculation occurs. Because it is often a
mechanical phenomenon and not exclusively metabolic,
the period required to return to normality may be much
longer than a few days.
Thus, whenever the FFR > 0.80 at any time during the
acute or subacute phase of MI, the functional assessment
of the microcirculation, using a specific index for that,

would be ideal. The indices of functional assessment of
the microcirculation, such as coronary flow reserve and
hyperemic microcirculation ratio, are essential but little
used in clinical practice because of their complexity. On
the other hand, the index of microvascular resistance,
performed by using thermodilution, is easy to use in
catheterization laboratories, reproducible and reliable,
being identified as a predictor of clinical outcomes in the
CORMICA Trial.43,44
Considering the pathophysiology of MI in women,
the research of vascular reactivity of both macro and
micro coronary circulations can identify vasospastic
phenomena as causing the acute event. The use of
intravenous or intracoronary acetylcholine with
evidence of significant spasm of coronary epicardial
vessels guides us to diagnose macrovascular spasm.
In contrast, the presence of angina symptoms and
evidence of ischemia, in the absence of epicardial
coronary vasospasm, lead us to the probable diagnosis
of microvascular spasm.43
In conclusion, the use of invasive physiological
assessment in women with MI should be carefully

Coronary Circulation
Microcirculation dysfunction
increases Pd

Pa

Pd
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Pre/pos stenosis gradient

IMR
(index of microvascular resistance

Figure 4 – Representation of an epicardial vessel with stenosis (yellow) and microcirculation distal to the lesion. Fractional flow
reserve (FFR) analysis assesses the difference between pre-stenosis pressure (Pa = aortic pressure) and post-stenosis pressure (Pd
= distal pressure). While FFR is an index to assess only lesions in epicardial vessels, the index of microvascular resistance (IMR) is
only for microcirculatory assessment. In the presence of dysfunction of the microcirculation, the IMR increases. It can be easily seen
that the microcirculatory dysfunction interferes in the velocity of blood flow distal to the epicardial lesion, increasing Pd. With this
elevation in the numerator of the fraction ‘Pd/Pa’, FFR is overestimated.40
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analyzed, never considering the investigation completed
if FFR >0.80, requiring associated diagnostic tests.

Percutaneous invasive treatment
Women and young people are more likely to have
normal coronary arteries or mild irregularities, diffuse
disease, single-vessel disease, or other angiographic
findings, such as coronary dissection, when facing MI.
The CASS trial, comparing angiographic results in young
men and women, has observed frequent normal coronary
arteries in young women. 45-50 Moreover, having MI
symptoms with normal coronary arteries, about 20% of
young women will have myocardial ischemia, probably
due to microcirculation involvement.51-54
There is an established benefit for men using an early
invasive strategy for NSTEMI and revascularization, if
applicable. However, among women, this strategy has
specific nuances. Contemporary meta-analysis has shown
that, for men, the early invasive approach improves
survival. However, for women, the benefit is more
significant in the population with an elevation of troponin
markers (OR 0.47, 95% CI: 0.26-0.83). 47 A subsequent
meta-analysis involving 3000 women and 7000 men has
corroborated that same concept, but it has not occurred
in low-risk women with negative biomarkers. 47
In general, even more recently, the routine of treating
women less aggressively in the presence of STEMI has
persisted. A recent review based on CRUSADE with
approximately 36 000 patients, 41% of whom were
women, has found that this group was treated less
aggressively than men. In a lower percentage, women
underwent cardiac catheterization within 24 hours of
admission (42% x 49% among men). Consequently, they
had a lower percutaneous treatment rate simultaneously
(44% x 52% for men). 46
Data obtained from two major academic health
systems in the United States between 2000 and 2016
demonstrated that a lower percentage of women
under 50 years of age affected by MI were submitted to
coronary revascularization (82.1% against 92.6% among
men, p <0.001). 48
In STEMI, women undergoing primary angioplasty
have a higher risk of in-hospital and late mortality, perhaps
because they are older and have more comorbidities,
which have also been found in the CADILLAC trial.
At the end of 1 year after MI, women have significantly
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higher rates of mortality (7.6 x 3% among men), targetvessel revascularization (16.7 x12.1%), and major adverse
events (23.9 x 15.3 for men).49 These differences are due to
their higher prevalence of risk factors, such as diabetes,
hypertension, and kidney failure, their lower body
surface area, and the use of drugs, such as anticoagulants,
without adjustment to weight. 49,50 However, after
adjustments, the female gender was not a risk factor for
mortality in the CADILLAC trial.
It is important to note that women have a higher
ischemic risk and a higher risk of sex-related bleeding.
Biological factors linked to the female gender may hinder
DAPT, and they should be included in the bleeding scores.
In addition, women are underrepresented in studies
involving DAPT because of sex-related factors and cultural
and socioeconomic characteristics.55 The higher risk of
bleeding and the early cessation of DAPT, coupled with
elevated ischemic risk in women, increase the worst results
after PCI and hinder PCI performance. 23.24,56

Clinical implications
This review highlights the sex and gender influences
that exist for IHD and MI. Figures 5 and 6 summarize
the main points.
Ischemic heart disease and heart failure with preserved
ejection fraction due to IHD are significant contributors to
heart disease mortality in women. Of note, systolic blood
pressure and hypertension, smoking, and diabetes are
associated with higher hazard ratios for MI in women
than in men.56
In addition, a study has reported that women with
MI treated by male emergency doctors have a higher
mortality rate than those treated by female emergency
doctors. The MI approach is more effective when female
patients are treated by female doctors.57
In conclusion, sex influences disease pathophysiology,
clinical presentation, response to treatment, clinicians'
behavior, and how and when patients have access to health
care. Precision medicine must consider sex and age at a high
decision level to promote correct IHD and MI diagnosis, as
well as treatment and gender equity in health care. 56
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AMI: GENDER-BASED DIFFERENCES

PREVALENCE

RISK FACTORS

SYMPTOMS /
DIAGNOSIS

TREATMENT

PREVALENCE

RISK FACTORS

SYMPTOMS /
DIAGNOSIS

TREATMENT

Older than men
at first AMI

Diabetes Mellitus:
more severe in
woman

Atypical pain
occurs more
frequently

Later presentation
at the medical service

Prevalence and
incidence is higher
in males

Traditional risk factors
more prevalent:
Hypertension/
Diabetes/
Dyslipidemia/ Smoking

Typical pain

Early presentation

More frequent in
black women

Smoking: more
severe in women

*Pain in the jaw,
abdomen and arm

Less reperfusion
therapy

Rare in young men

Sweating and
lipothymia

More reperfusion
therapy

Increasing incidence
in younger woman

Pregnancy,
puerperium and oral
contraceptives

Dyspnea and
tiredness

Less supporting
drugs

Physical stress
more common
than emotional or
psychosocial stress

ECG: with J point
above in V2 and V3
of 2 mm or 2.5 mm
if young

Optimal drug therapy
following guidelines

Emotional and
psychosocial stress

Nausea and vomiting

Better prognosis with
angioplasty
than with fibrinolytic

Autoimmune
diseases

ECG - more discrete
changes (J point with
1.5 mm supra ST in
V2/V3)

Figure 5 – Sex-based differences in prevalence, risk factors, symptoms, diagnosis, and treatment.6, 16, 55 MI: myocardial infarction; ECG:
electrocardiogram; FFR: fractional flow reserve.
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ETIOPATHOGENIA

ANATOMY AND
PHYSIOLOGY

COMPLICATIONS

OUTCOMES

ETIOPATHOGENIA

ANATOMY AND
PHYSIOLOGY

COMPLICATIONS

OUTCOMES

Plaque erosion:
more frequent in
women, maily younger

Thinner coronary
vessels

Distal
microembolization:
plaque erosion

Higher mortality and
morbidity

Plaque rupture:
most prevalent

larger coronary
vessels

Lethal arrythmias are
more frequent

Better outcomes than
women

Minoca

Difuse disease
more frequent: older
and diabetic

Heart failure

Young women have
poor prognosis

Minorca and other
less frequent
etiopathgenia

Focal disease:
more frequent

Microvascular
dysfunction: diabetes
associated

FFR is higher
in women

Mechanical
complications

Spontaneous
Dissection: Pregnancy
and puerperium

False negative FFR:
microcirculation
disfunction

Bleeding
more frequent

Takotsubo: post
menopause

Less plaque burden
and cholesterol-rich
plaques

Small radial arteries:
intervention challenge

Coronary calcium:
Important predictor in
women

Puncture site
complication
in the intervention

Cholesterol-rich
plaques and thincapsule fibroatheroma

Figure 6 – Sex-based differences in etiopathogenesis, anatomy, physiology, complication, and outcomes.6,16 MI: myocardial infarction;
MINOCA: myocardial infarction with nonobstructive coronary arteries; FFR: fractional flow reserve.
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EDITORIAL

How the Gender Gap Affects the Incidence and Prognosis of Cardiovascular Disease
Maria Gazzilli1
Nuclear Medicine - University of Brescia and Spedali Civili Brescia,1 Brescia – Italy
Editorial Referring to the article: Closing the Gender Gap in Ischemic Heart Disease and Myocardial Infarction

The study in this issue of the Journal analyzed the
sex and gender gap that exists for ischemic heart disease
and myocardial infarction. The authors reviewed all the
factors that differ between genders in terms of incidence,
mortality, pathophysiology and clinical implications,
diagnosis, and treatment.1

patients with MINOCA, especially women with
microcirculatory dysfunction, had a poor prognosis
related also to atypical symptoms, such as atypical
chest pain, or associated symptoms, such as dyspnea,
fatigue, sweating, and epigastric pain, thus leading to
an incorrect diagnosis.

The article highlights firstly that there has been
an increase in the annual change in proportional
mortality from ischemic heart disease in women in
recent years, with an age-standardized incidence
of 104 per 100 000 population for males and 58 per
100 000 population for females.2-3

These differences in pathophysiology, clinical
presentation and risk factors affect prognosis and
treatment. The GUSTO study 8 showed how women
benefit more than men from primary angioplasty
and have a poorer prognosis when fibrinolysis
is the initial treatment of choice, because women
have more strokes, heart failure, shock, bleeding,
recurrent angina, and infarction than men when
undergoing thrombolysis.

Although it is well known that there are important
differences between men and women in the prevalence
of risk factors for cardiovascular disease (CVD), studies
have focused attention on older women with more
comorbidities such as hypertension, dyslipidemia,
diabetes, heart failure, and atrial fibrillation,
demonstrating that smoking and diabetes mellitus
have a more substantial impact on women. Moreover,
postmenopausal hormonal changes play an important
role in women’s CVD.4-5
Further differences between men and women become
apparent when considering the less common etiologies
of cardiomyopathy. In fact, myocardial infarction with
nonobstructive coronary arteries (MINOCA) is five
times more likely to occur in women than in men as
demonstrated by the VIRGO study.6
MINOCA occurs due to epicardial artery vasospasm,
spontaneous coronary artery dissection, and Takotsubo
syndrome, the last two conditions are common
in young women. Tweet et al. 7 demonstrated that
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Furthermore, in non-ST elevation myocardial
infarction (NSTEMI), although early revascularization
is favorable, the elevated marker of myocardial necrosis
is a challenge in women. Slagman et al.9 demonstrated
that troponin had a lower positive predictive value and
a slightly higher negative predictive value in women
than in men.
As demonstrated by the DANAMI-3—PRIMULTI10
and Acute Compare trials, fractional flow reserve
(FFR) is fundamental to the decision-making for
revascularization; in fact, according to these studies,
an FFR < 0.80 suggests the need for revascularization,
but the impact of this analysis is more significant when
myocardial infarction occurs in women because they
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have a higher prevalence of microcirculatory dysfunction
than men. In women, it is essential to consider the use
of a functional assessment index of the microcirculation
such as coronary flow reserve (CFR) and hyperemic
microvascular resistance (HMR).

I invite you to read this article to understand all
the mechanisms behind the gender gap in CVD and
to discover how precision medicine must consider sex
and age at a high level of decision-making to reach the
correct diagnosis and treatment in CVD.
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Abstract
Swyer syndrome is one of the disorders of sexual
differentiation. Previous studies have demonstrated
increased sympathetic activity with heart rate variability
(HRV) analysis with decreasing estradiol levels. One
patient presented a pure 46, XY gonadal dysgenesis
with female phenotype. Cardiac autonomic modulation
was assessed through HRV analysis while at rest. This
research analyzed linear and nonlinear indexes. HRV
analysis showed reduced parasympathetic and global
modulation with an apparent increase in sympathetic
tone and a loss of HR fractal dynamics toward correlated
behavior, characterized by low entropy and high
determinism of time series.

Introduction
Swyer syndrome is one of the disorders of sexual
differentiation (DSD), a pure gonadal dysgenesis with
karyotype 46, XY, the presence of two digenetic gonads
or gonads streak. and devoid of germinative elements.
The clinical presentations are female phenotype with
typical female external genitalia, primary amenorrhea
and persistent hypergonadotropic hypogonadism,
normal stature, and absence of somatic malformations.1
Previous studies have demonstrated increased
sympathetic activity with heart rate variability (HRV)

analysis with decreasing estradiol levels. However,
the clinical and therapeutic implication of autonomic
impairment is still unclear.1 This study reports on the
autonomic behavior of HRV in Swyer Syndrome, but the
report exempts itself from an in-depth review.

Case Report
A 48-year-old married Brazilian woman participated
in this research in the Endocrine Gynecology and
Menopause Clinic the São Paulo University Medical
School. Patient follow-up began in 1983, at which time the
patient received a diagnosis of gonadal dysgenesis in her
adolescence. This case report was approved by the ethics
committee of the Faculdade de Medicina da Universidade
de São Paulo (FMUSP) (Protocol n° 2.368.076), and the
patient’s anonymity and consent were guaranteed.
After the primary amenorrhea diagnosis, followed by
the gonadal dysgenesis diagnosis, the patient was treated
with estradiol valerate and levonorgestrel (2mg+ 0.25mg)/
day. At age 21, she went through a bilateral oophorectomy
procedure. She reported no other hospitalizations, preexisting diseases, or use of other regular medication.
Her gynecological examination showed female genitalia
with trophism and pubic hair development, both ageappropriate, and no injuries.
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She reported no chronic or infectious gynecological
diseases. She denied alcohol or drug abuse, but had a
history a smoking. The general physical examination
showed good general condition, ruddy, hydrated,
afebrile, respiratory rate of 19/min, normal blood
pressure, body mass index of 33.33 kg/m². Cardiac,
pulmonary, abdominal, and biochemical exams showed
no relevant findings.
Cardiac autonomic modulation was assessed through
HRV analysis. RR interval recordings were obtained
by a validated heart rate receiver,2 placed on the chest,
with the patient at rest for 20 min. HRV analysis was
performed as proposed by Godoy et al.,3 using linear
(time and frequency domains) and nonlinear methods.4
Additionally, geometric indexes, Poincaré and recurrence
plots, entropy-based techniques, and Detrended
Fluctuations Analysis5 (DFA) were analyzed (Table 1).

Discussion
This study found signs of reduced parasympathetic
and global modulation with an apparent increase in

the sympathetic tone and a loss of HR fractal dynamics
toward correlated behavior, characterized by low entropy
and high determinism in a time series.
Our study subject had been using hormonal
therapy (HT) (natural estrogen and second-generation
progestogen) since having been diagnosed with
amenorrhea. Previous studies1,6 have evaluated the effect
of sex hormones and distinct interventions on cardiac
autonomic modulation. It is known that menopausal
women present a lower HRV when compared with
women who are not in menopause,6 and that HT7 and
exercise8 can apparently improve cardiac autonomic
modulation. Liu et al.,9 investigated the role of estrogen
in gender-related autonomic differences and found
that during the postmenopausal period, the vagal and
sympathetic activities were lower and higher, respectively.
Effects of oophorectomy on cardiac autonomic
modulation revealed an imbalance in the regulation of the
cardiovascular system, with a decrease in cardiac vagal
modulation and an increase in sympathetic activity.10
Since our patient underwent a bilateral oophorectomy
procedure, this case report also incorporates important

Table 1 – HRV linear and nonlinear indices of the Swyer Syndrome patient
Linear methods

Nonlinear methods

Time domain
Mean RRi (ms)
SDNN (ms)
Mean HR (1/min)
RMSSD (ms)
Geometrics
RR tri
TINN (ms)
SD1 (ms)
SD2 (ms)
SD1/SD2

Recurrence plot
722.1
21.3
83.16
9.5
6.711
105.0
6.7
29.3
0.228

Lmean (beats)
Lmax (beats)
REC (%)
DET (%)
ShanEn

Frequency domain
LF (ms2)
HF (ms2)
LF (nu)
HF (nu)
LF/HF

16.37
988
41.30
99.43
3.668

Other
118
19
86.1
13.9
6.191

ApEn
SampEn
DFA alpha1
DFA alpha2
alpha1/alpha2

1.226
1.227
1.416
1.007
1.406

RRi: RR interval, SDNN standard deviation normal-to-normal intervals, RMSSD root mean square of successive differences, LF low frequency, HF high
frequency, nu: normalized units. RRtri: triangular index, TINN: RRi triangular interpolation, SD1: standard deviation of the instantaneous variability
in continuous RRis, SD2: standard deviation of long-term continuous RRi: SD1/SD2: ratio between short and long variations of the intervals. Lmean:
Mean line length; Lmax: Max line length; REC: Recurrence rate; DET: Determinism; ShanEn: Shannon Entropy. ApEn: Approximate entropy; SampEn:
Sample entropy; DFA: Detrended fluctuation analysis.
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endocrine features, which, along with genetic features,
were both important to understand the modification of
cardiovascular risk.
In linear methods, we found lower parasympathetic
indices (RMSSD and HF) than the mean values of
previous studies.1 LF and LF/HF were higher, which
could be related to an increase in the sympathetic tone.4,5
SDNN, which presents global modulation, was lower
than the mean values of the same studies, which could
be due to reduced parasympathetic activity.4,5
As no specific studies about Swyer Syndrome with
geometric and nonlinear indexes were found, our results
have been compared with those from a menopause study8
with a similar HT. All of this study’s geometric indexes,
both parasympathetic (SD1) and global indexes (RRtri,
TINN, SD2 and SD1/SD2), were reduced. Regarding
nonlinear indices, the present study shows higher values.
In the DFA analysis, values close to 1.5 are associated
with signs of strongly correlated behavior,5 while our
results pointed to a strongly correlated behavior with
possible loss of fractal properties. Autonomic conditions
characterized by sympathetic predominance or by the
reduction in global modulation often present a correlated
behavior and decrease in complexity.5
Sample Entropy is used to evaluate the complexity
of the physiological time-series signals. Approximate
Entropy is applied to quantify the amount of regularity
fluctuations upon time-series data and is linked with vagal
modulation and HF. Higher values indicate more complex
data. Shannon entropy quantifies the degree of complexity
of the signal’s sample distribution. In physiological
conditions, where there is a loss of time series complexity,
the recurrence of points in the system increases. Their
diagonals, such as Lmean, express the similarity of system
behavior in two distinct time sequences.5 In our patient,
in general, nonlinear indices showed a loss of HR fractal
dynamic toward correlated behavior, characterized by
low entropy and high determinism in the time series.
REC and DET values were very similar to linear pattern
values, typical of reduced complexity.11
Our results were then compared with those from
Rismini et al., 12 who evaluated the sympathovagal
balance in transsexuals. Their data demonstrated that
male-to-female transsexuals (a supposedly similar
genetic condition, XY, with HT) displayed significantly
lower sympathetic and parasympathetic activities than
did the controls, which could be mediated by the effect
of hexogen estrogens, since these subjects do not have
other protective factors.

To the best of our knowledge, this is the first study in
the literature describing HRV nonlinear indices in Swyer
Syndrome. However, this study has some limitations.
First, because this is a case report, there are limitations
regarding comparisons with previous literature. Secondly,
it is possible that the individual’s BMI and smoking
history could alter the HRV parameters. Nevertheless,
our study findings point out possible negative effects of
hypoestrogenism, gonadectomy, and aging in subjects
with DSD, as well as the importance of HT to improve
autonomic regulation during one’s lifetime.

Conclusion
HRV analysis in Swyer syndrome showed reduced
parasympathetic and global modulation with an apparent
increase in sympathetic tone and a loss of HR fractal
dynamic toward correlated behavior, characterized by
low entropy and high determinism in a time series. Our
findings suggest that individuals with Swyer syndrome
may have increased cardiovascular risk despite HT.
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Abstract
The atrioventricular (AV) reentrant tachycardia (AVRT)
is the most common cause of supraventricular tachycardia
(SVT) in the young pediatric population. Some newborns
might present with congestive heart failure and require
interventional treatment. Catheter ablation in small infants
(<6 months and <5 kg) is still poorly performed and
controversial due to high complications rate in this group
of patients.1 We report a case of a 28 days old infant (3,5 kg)
with a drug-refractory left accessory pathway mediated
tachycardia and severe hemodynamic compromise, who
underwent catheter ablation. Radiofrequency ablation
should be part of the therapeutic arsenal in a context
of drug-resistant supraventricular tachycardia with
hemodynamic compromise, despite the greater risks of
complications in this special population.

Case Report
A female neonate, 13 days old, diagnosed with fetal
tachycardia, without registries of tachyarrhythmias
after birth and no 12-lead ECG record at delivery, was
admitted to the emergency department with incessant
supraventricular tachycardia, with a heart rate of 250 beats
per minute (bpm) (Figure 1).
At the admission in the intensive care unit, adenosine
(0.05 mg/kg) was unsuccessfully administered twice.

So, electrical cardioversion was performed (0.5J/kg +
1J/kg), with immediate interruption of the arrhythmia,
however with prompt recurrence. During sinus rhythm,
it was possible to identify ventricular pre-excitation.
Echocardiogram showed a left ventricular ejection fraction
(LVEF) of 46%.
Due to hemodynamic instability, orotracheal
intubation was performed and dopamine started.
Loading dose of amiodarone (5mg/kg) was administered
in 40 minutes, followed by a maintenance infusion of
10mg/kg daily. In the following days, the patient
evolved with acute kidney failure and hydroelectrolytic
disturbance. In this context, the newborn developed
severe bradycardia requiring the interruption of the
amiodarone infusion and peritoneal dialysis. Thereafter,
epinephrine and dobutamine were administered.
Amiodarone was restarted after the correction of the
hydroelectrolytic disorders, at a dose of 5 mg/kg/day, with
dose progression over the next days, reaching up to 30
mg/kg/day. It was not possible to prescribe other available
antiarrhythmic drugs due to the ventricular dysfunction,
and to the need of vasoactive drugs. Despite that, the
28-day old infant evolved with incessant AV tachycardia,
being then decided to attempt RF ablation.
The electrophysiological study was performed after 8h
of fasting and under general anesthesia. A single standard
5 French, 4-millimetre tip deflectable quadripolar catheter
(5 FR RF – Medtronic Marinr steerable catheter) was
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Figure 1 – Electrocardiogram of the neonate showing supra-ventricular tachycardia at a heart rate of 250bpm.

introduced through the left femoral vein for mapping
and ablation purposes. Tachycardia was interrupted
during programmed stimulation and revealed a left
posterior accessory-pathway pre-excitation pattern on
the surface EKG (Figure 2). The foramen ovale was used
for left atrium access (Figure 3). After administration
of 100 units per kilogram of intravenous heparin, RF
application was successfully delivered at the targeted site,
with immediate conduction block through the accessory
pathway (Figure 4). RF application was maintained for
one minute with 30W. There were no intra-procedural
complications. Right bundle branch block occurred due
to mechanical trauma with spontaneous recovery.
During the following hours, the hemodynamic
condition improved markedly. The neonate was extubated
and inotropic drugs were discontinued after 72h. Patient
was discharged 6 days later. No more tachycardias or preexcitation recurrence have been registered so far. The child
remains with no arrhythmias, without pharmacological
treatment, 6 years after the procedure. EKG shows sinus
rhythm and Echocardiogram has normal ventricular
function without segmental lesions.

Discussion
The incidence of tachycardias in the neonatal period
is between 1% and 5%.1,2 AVRT and atrial flutter account
for 90% of the fetal and neonatal tachyarrhythmias.3 In
most of these cases pharmacological and eventually

electrical cardioversion may be sufficient to obtain
satisfactory clinical control. When the arrhythmia recurs,
its frequency decreases in the first year of life (90% of
patients), and invasive interventions are rarely needed.4
It is important to take into account that supraventricular
tachycardia may be unrecognized in newborns until heart
failure (HF) symptoms emerge; thus, neonates may
present a decrease in LV function, or even cardiogenic
shock if the correct diagnosis is not given.5 In this case,
despite the diagnosis of fetal tachycardia, an adequate
investigation was not performed after birth, and the
newborn was discharged without EKG. The SVT
diagnosis was only obtained on the 13th day of life, when
the child was taken to the emergency room in the context
of cardiogenic shock.
To prevent recurrence, antiarrhythmic prophylaxis
is recommended during the first year of life. Digoxin
or propranolol are generally considered as the initial
antiarrhythmic therapy for concealed accessory
pathways. In case of first-line drugs failure, class IA
(quinidine), class IC (flecainide), or class III (amiodarone
or sotalol) drugs can be considered. In manifest accessory
pathways, oral propafenone is reasonable for ongoing
management in patients without structural or ischemic
heart diseases. Oral amiodarone may be considered in
patients with AVRT in whom propafenone is ineffective
or contraindicated.6
The first reports demonstrating safety and efficacy of
RF ablation in children were published by the Pediatric
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Figure 2 – Post cardioversion ECG in sinus rhythm showing left side ventricular pre-excitation.

Right Anterior Oblique View

Left Anterior Oblique View

Figure 3 – Right and left oblique fluoroscopic view showing ablation catheter on the mitral annulus accessed through patent foramen ovale.

Figure 4 – Surface ECG and endocavitary bipolar signal at the tip of ablation catheter (RF) showing pre-excitation elimination (3rd
QRS complex) with maintenance of the mechanical right bundle branch block.
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Electrophysiology Society in 1994.1 In recent periods,
publications have shown an evolution in the success rate
and a decrease in the number of complications.7-15
According to the 2016 HRS SVT guideline, ablation
is recommended for documented SVT, recurrent or
persistent, when medical therapy is either not effective
or is associated with intolerable adverse effects. One
must take into account that for very young children, the
threshold for ineffectiveness and intolerability should
be higher.
Death and major complications are rare, usually
related to underlying heart diseases, lower patient
weight, greater number of RF applications, and left-sided
procedures.1
In general, radiofrequency ablation in small infants
(less than 5 kg and younger than 6 months of age) should
be reserved for life threatening, or refractory arrhythmias,
such as the presented case.1,6
In conclusion, systematic investigation and a close
follow-up is needed in newborns diagnosed with fetal
tachycardia. In specific cases, radiofrequency ablation
should be considered as the therapeutic approach,
having in mind the greater risks of complications in
this population.
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Abstract
Half of the global population over 20 years of age will
be affected by cardiovascular disease. Cardiovascular
events in young people is challenging. Spontaneous
coronary artery dissection is a non-traumatic and noniatrogenic separation of the coronary arterial wall and is an
uncommon and underdiagnosed cause of acute myocardial
infarction predominately found in young women. Medical
management has been more widely accepted, with
percutaneous and surgery treatment reserved for precise
indications. Optimal control of individual risk factors is
essential in order to avoid recurrences.

Introduction
Total cardiovascular disease (coronary heart disease,
heart failure, cerebrovascular disease, and systemic arterial
hypertension ) globally affects up to 48% of all adults over
20 years of age, a trend that is increasing in prevalence
and mortality, especially in countries of low resources,
characterized by a high prevalence of comorbidities.1
The incidence of acute myocardial infarction has
remained stable over the years, despite international
strategies that aim to control risk factors. Two‑hundredthirty cases per 100,000 are reported, with a higher
impact in men, African-Americans, and those over
65 years of age.2

Keywords
Cardiovascular Diseases/complications; Coronary
Thrombosis; Dissection; Young Adult; Pregnancy/
complications; Acute Coronary Syndrome; Percutaneous
Coronary Intervention.

Coronary disease in adults younger than 45 years of
age is always challenging. Their incidence is 0.5 – 2.4 cases
per 1,000 people per year and although they sometimes
present classical risk factors, there are other associated
conditions that must be taken into account, such as
metabolic syndrome, familiar hypercholesterolemia,
hypercoagulability, toxic substances (cocaine and
cannabinoids), autoimmune diseases, or abnormal
variants of the coronary arteries. In women, genderspecific risk factors, such as oral contraceptives,
hypertensive disorders associated with pregnancy,
polycystic ovarian syndrome, and menopausal-linked
hypoestrogenism, increase the incidence of new events.3-5
This study reports on a case of a 44-year-old female
patient with a history of a hypertensive disorder associated
with pregnancy. She required temporary antihypertensive
treatment, which was subsequently discontinued. Years later,
she received medical care due to chest pain, documenting
a coronary dissection of the marginal obtuse. Medical
treatment was established with good follow-up evolution.

Case report
The patient was a 44-year-old white woman, with
a history of preeclampsia 10 years ago, after which
antihypertensive treatment was recommended for
6 months, with gradual suspension of medication during
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outpatient follow-up. She was admitted to the emergency
room, reporting 48 hours of a non-irradiated oppressive
chest pain, whcih intensified with effort and partially
decreased at rest, associated with decreased functional
class NYHA I to NYHA III. The patient was previously
asymptomatic. The physical examination documented high
blood pressure 170/90 mmHg, with no other relevant data.
The electrocardiogram revealed a repolarization disorder in
the upper lateral leads (Figure 1), with positive myocardial
injury biomarkers (troponin I). Coronary arteriography
identified a diffuse arterial narrowing, bordered by normal
segments, proximal and distal to the lesion, suggestive of a
type 2A spontaneous dissection of the first obtuse marginal
artery, with no evidence of atherothrombotic disease.

Spontaneous coronary artery dissection

intima of a coronary epicardial artery not associated
with atherosclerosis, thromboembolism, trauma, or
iatrogenesis. It is an uncommon and underdiagnosed
cause of acute coronary syndrome (ACS).5
Historically, the first report dates from 1931 by Pretty,
who identified this condition during an autopsy of a
42-year-old woman who suffered an apparent sudden
death.6 Its peak incidence is the fourth and fifth decade
of life, with a predilection for the female gender in a
4:1 ratio, especially associated, although not exclusive,
to the third trimester of pregnancy and postpartum.6, 7

The thoracic echocardiogram revealed a left ventricle
with segmental contractility disorders and mild systolic
function compromise of 49%, measured by Simpson.
Likewise, a type I diastolic dysfunction was identified
due to an alteration in relaxation.

Conventional cardiovascular risk factors in this
group of patients are uncommon, although the
presence of hypertension (30.1%), dyslipidemia
(20.3%), and smoking (11.6%) have been reported.
Properly for dissecting events, a high prevalence
of fibromuscular dysplasia, connective diseases,
autoimmune diseases, and stress situations has been
reported. 7-9

Conservative management under antiplatelet therapy in
monotherapy and a beta block was applied with satisfactory
clinical evolution. At the six-month follow-up appointment,
the patient had completely recovered her functional status,
with improvement in left ventricular function and complete
resolution of segmental contractility defect.

SCAD is the cause of 1-4% of all cases of ACS, the
vast majority of which appear in women without
pregnancy-related conditions. However, when
analyzed in pregnant women, SCAD can reach up
to 43%, one of the main causes of coronary events in
this population. 6,10

Discussion
Spontaneous coronary artery dissection (SCAD)
is defined as the separation of the middle and the

The pathophysiological process is unclear, but a
disruption of the vessel through an intimal tear that
allows the creation of a false light and subsequent
dissection or a hemorrhagic phenomenon of the vasa
vasorum that dissects the vessel are considered.11

Figure 1 – EKG: sinus rhythm, repolarization disorder in the upper lateral lead
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The SCAD properly related to pregnancy can
occur during the third trimester, delivery, and early
or late postpartum. It is considered that estrogenic
and progestogen influx could weaken the arterial
walls by altering the content of elastic fibers and
mucopolysaccharides, and by decreasing collagen
synthesis.7,12
The clinical presentation does not vary from that of
the ACS due to other causes, although the symptoms
may be atypical. The Gold standard for diagnosis
is coronary angiography. Intravascular ultrasound,
optical coherence tomography, cardiac magnetic
resonance, and coronary angiography by computed
tomography are also considered highly sensitive and
specific.5,6,13
Medical conservative management is preferred in
hemodynamically stable patients since the affected
artery heals spontaneously. Invasive procedures
may precipitate, or extend the dissection and even
a rupture. Interventional management is indicated
for those patients with left main trunk involvement
or proximal dissections of more than two vessels
associated with hemodynamic instability or refractory
angina. Thrombolytic therapy should be avoided.7-9
Medical treatment is based on dual anti-aggregation
(monotherapy has been reported in low risk patients)
for a minimum of 6 months, with a beta blocker
(especially if there is left ventricular dysfunction
or arrhythmia control) and a strict control of
comorbidities. Severe acute stressful situations should
be avoided, and Valsalva maneuver activities should
be performed. Statins, since there is no atherosclerotic
disease, are not recommended7,10
Prognosis is usually good. Intrahospital major
adverse events were documented in 8.8%, rising to
22% in peripartum. The majority of patients achieve
vessel remodeling and spontaneous healing on day 30
in follow-up angiographies, and recurrence is around
10%.10-13
In patients who report fibromuscular dysplasia,
especially at the renal level with associated renal
ischemic disease, stent angioplasty, or renal
revascularization, should be considered in order to
avoid acute hypertensive crises mediated by renal
hypoperfusion.14

Conclusion
Coronary dissection is a cause to bear in mind in
young women patients with acute coronary syndrome,
with or without ST segment elevation, with no associated
cardiovascular risk factors. The diagnosis is based
on arteriography and is part of the spectrum in cases
of MINOCA (myocardial infarction with healthy
coronaries). Medical management is essential and actively
seeks the underlying cause to prevent recurrences.
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