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A robot may not injure a human being or, through inaction, 
allow a human being to come to harm.

First Law of Robotics - Isaac Asimov

We are experiencing a change paradigm in modern life. 
With the presence of computers and intelligent machines 
everywhere, the predictions of science-fiction books from 
years ago gradually become reality; these are the times 
of pervasive computing. Among the computational 
most frequently mentioned tools in clinical studies and 
seen with enthusiasm by the scientific community is the 
Artificial Intelligence and consequently the machines 
that learn, which is best quoted in its original English 
form, Machine Learning. In general Artificial Intelligence 
is defined as the constellation of items (algorithms, 
robotics, neural networks) that allow a software to have 
intelligence properties that are comparable to those of a 
human being, among them learning from databases with 
minimal human interference.1

Obermeyer and Emanuel recently wrote an editorial 
stating that Machine Learning has become widespread and 
imperative for solving complex problems in the various 
fields of science, and in the medical field its use will 
transform the practice.2 The use of artificial intelligence is 
evolving increasingly in cardiology and there are already 
excellent examples in several areas. Using a sophisticated 
learning system to electrocardiographic interpretation, 
Li et al. achieved that electrocardiographic patterns 
were automatically recognized with an accuracy of 88% 
for the classification of abnormal rhythms(3). One of the 
most important limitations of the system studied was the 

quality of the electrocardiographic signal for interpretation 
and learning, which highlights one of the essential 
characteristics of Machine Learning, that is the need for 
accurate and reproducible information for the formation 
of databases.2,3 As databases are usually produced from 
patients selected for their basic condition, one of the 
most important points for development is the creation of 
broader and generalizable databases that do not induce 
biases in the interpretation of findings, point in which 
industry is heavily investing at the moment.2

In echocardiography, many studies are evaluating the 
use of Machine Learning in image interpretation, such 
as the Narula et al.4 who, through a database of patients 
with hypertrophic cardiomyopathy and individuals with 
physiological hypertrophy who were submitted to Speckle 
Tracking, were able to create a computer system based 
on Machine Learnig that reached to assist inexperienced 
echocardiographers in distinguishing between the two 
conditions with excellent accuracy. Tajik,5 in an enthusiastic 
editorial, pointed out that Machine Learning should reduce 
or even eliminate the intra- and interobserver variability 
of echocardiographic exams and greatly reduce cognitive 
errors. At this point the use of artificial intelligence comes 
across medical ethics, because the doubts that can occur 
in cases of errors may be linked to the attribution of 
responsibilities: did the doctor fail or did the software fail? 
Experiences with the use of autopilots in aviation may serve 
as a basis for the ethical discussion that will occur, given that 
there is always at least one human being responsible for the 
flight even when using the modern devices of commercial 
aviation. Obermeyer and Emanuel2 point out that there will 
be a massive reduction in the need for doctors in situations 
where computers can be fed directly by digital information 
such as radiology and pathology because the large amount 
of digital information available will allow the formation 
of reliable databases that will lead to a performance of the 
machines superior to the human.
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When artificial intelligence is employed in more complex 
clinical contexts, there is a still longer way to go. Austin et al.6 
used a Machine Learning and data mining system to 
evaluate and classify patients with heart failure and found 
that although the system was superior to conventional 
methods for predicting heart failure with preserved ejection 
fraction, there were no advantages over the traditional 
logistic regression. Liu et al.7 developed a system based on 
Machine Learning for prediction of adverse coronary events 
in patients with chest pain in the emergency room and 
compared it with the TIMI score. Although the performance 
of the new system is reliable for predicting mortality 
and cardiac events in 30 days, the authors themselves 
acknowledge that clinical decisions are dependent on factors 
that still can not be fully incorporated into the machines, one 
of which is the physicians experience.7

In nuclear cardiology Arsanjani et al.8 evaluated 
the use of the Machine Learning tool to predict 
myocardial revascularization from myocardial perfusion 
scintigraphy data, finding an accuracy comparable 
or even superior to that of experienced examiners in 
the interpretation of the scintigraphic examination. 
Garcia et al.,9 in an excellent review on the subject, 
point out that clinical decision support and artificial 
intelligence systems serve as warnings for the cognitive 

bias of clinicians and reduce intra and interobserver 
variability, allowing to interpret the exams faster and 
with greater accuracy, as observed in studies in which 
the diagnostic interpretation of the examination by the 
computer is similar to that of the experts.10 We generally 
agree with this view and consider that the support to 
make the clinical decision and the improvement of 
diagnostic and prognostic performances should be 
encouraged and supported by physicians of the various 
specialties. The frequent concern about the eventual 
replacement of the physician by the machines is not 
substantiated by the facts. The medical profession is 
of a complexity and subjectivity that makes the task 
impossible in its entirety by the machines, at least at 
the present stage of knowledge. The proper use of 
computing allows for not only the improved of medical 
performance but also the quest for solidarity among 
patients with successful experiences in creating social 
networks for patients.11

Only the study of the profound impact for the 
development and use of these tools can bring the answers 
to the questions that are now in the minds of doctors and 
their patients. The International Journal of Cardiovascular 
Sciences encourages its readers and contributors to send 
scientific papers on the subject for publication.

Mesquita

Artificial intelligence and machine learning in cardiology

Int J Cardiovasc Sci. 2017;30(3):187-188

Editorial
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Abstract

Background: Heart failure is a highly prevalent disease, responsible for many admissions and high mortality rates 
in our country. The treatment influences patient's mortality and quality of life.

Objective: To identify and compare the clinical and epidemiological survivor's and non-survivor's profiles and 
treatment of patients hospitalized with heart failure with the international literature.

Methods: Cross-sectional, retrospective study of 816 survivors and non-survivors with heart failure. All patients 
had their clinical and epidemiological, laboratory and echocardiographic data and treatment recorded.

Results: Most patients were in functional class III/IV. Mean age was 66.5 ± 13.8 years. Half of the patients were 
men and 88.3% were Caucasians. In-hospital mortality was 11,2%. Highly mortality was associated with old age, 
Caucasian ethnicity, high functional class, readmissions, prolonged hospitalization, presence of coronary artery 
disease, chronic atrial fibrillation, severe mitral regurgitation, restrictive diastolic dysfunction, renal dysfunction, 
and elevated natriuretic peptide levels, as well as with patients who had pulmonary embolism, acute coronary 
syndrome, pulmonary infection or required dialysis during hospitalization. The use of angiotensin-converting 
enzyme inhibitors or angiotensin-receptor blockers at admission was significantly higher among survivors.

Conclusion: In-hospital mortality was high when compared to international averages, but it was similar to other Brazilian 
referral services. Numerous higher severity indicators were observed in the non-survivor group. (Int J Cardiovasc Sci. 
2017;30(3):189-198)

Keywords: Heart Failure / mortality; Prevalence; Hospitalization; Restrospective Studies.

Introduction

Heart Failure (HF) is the common final pathway of 
most heart diseases, and is one of the major current 
clinical challenges in health.1 Approximately 23 million 
individuals have HF, and 2 million new cases are 
diagnosed every year worldwide,2 being the main cause 
of hospitalization in patients older than 60 years of age 
in Brazil.3

The prevalence of HF has been increasing in recent 
years worldwide,4 and has become a serious public 
health problem.3 The reasons for this include the 
aging of the population and therapeutic advances in 

the treatment of acute myocardial infarction (AMI), 

systemic arterial hypertension (SAH) and even HF, 

which increase survival and, consequently, promote an 

increase in its prevalence.1,4

In the United States, approximately 550,000 new 

cases are diagnosed annually, being the fifth most 

frequent cause of hospitalization.5 In Brazil, according 

to data from the Unified Health System Department 

of Informatics (DATASUS), in 2012, approximately 

238,000 hospitalizations occurred due to HF, with 

26,000 deaths, accounting for a mortality rate of 9.5% 

during hospitalization.6 The BREATHE (Brazilian 
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Registry of Acute Heart Failure) trial identified an 
in-hospital mortality of 12.6%.7

Many comorbidities associated with HF worsen its 
prognosis. Atrial fibrillation (AF) affects approximately 
20% to 30% of patients with acute HF.8 The prevalence of 
renal failure in outpatients with HF may reach 29.6%,9 being 
a marker of poor prognosis.10 Moreover, hyponatremia, 
elevated levels of Type B Natriuretic Peptide (BNP), 
multiple hospitalizations, and associated lung disease are 
also predictors of poor prognosis.11

Currently, there are six classes of therapeutic measures 
capable of reducing all-cause mortality in HF patients, 
considered by global guidelines as class I indication 
measures.12 However, in Brazil, medications introduced 
during the in-hospital phase often do not follow the current 
guidelines, which may contribute to the high morbidity, 
mortality, and economic costs of this syndrome.7

Despite the recent advances in the treatment of HF, the 
mortality among patients that are hospitalized with this 
syndrome in Brazil is still high. The objective of this study 
was to identify and compare the clinical-epidemiological 
profile and the treatment received by survivors and 
non-survivors hospitalized with heart failure to the 
international literature data.

Methods

This is an observational, cross-sectional, and 
retrospective study of patients with HF who survived 
or not after being admitted at Instituto de Cardiologia de 
Santa Catarina (ICSC) between June 2010 and May 2014.

Patients older than 18 years admitted during the study 
period according to the International Code of Diseases 

(ICD-10) compatible with HF, namely: I11, I13, I50 and 
I57, were included in the study. Patients with a clinical, 
echocardiographic and laboratory picture incompatible 
with this comorbidity, in addition to those whose medical 
records were incomplete, were excluded.

Patient selection was performed by checking the 
electronic medical record system (Micromed®). Aiming at 
a more adequate analysis, the patients were divided 
into two groups: Group I, of survivors and Group II, of 
non-survivors. The final sample analyzed 816 patients 
(724 survivors and 92 non-survivors), as shown in figure 1.

Data collection was performed using the Micromed® 
system in Laboratório Bioclínico São José and the ICSC 
Echocardiography Service. Clinical-demographic data, 
such as age, gender, ethnicity, functional class, presence 
of comorbidities, complications during hospitalization, 
mortality and prescribed medications were analyzed. 
The laboratory tests analyzed were urea, creatinine, 
sodium, potassium, BNP, and hemoglobin. Among the 
echocardiographic data, left ventricular ejection fraction 
(Simpson's method), left ventricular systolic diameter, left 
ventricular diastolic diameter, valvular heart disease, and 
left ventricular relaxation alterations were analyzed.

As the study was retrospective, the demographic data 
were collected by searching the Micromed® system.  
The patient’s ethnicity was the self-declared one when the 
patient or the companion was registered at the institution. 
The existence of SAH and diabetes was obtained from data 
found in the electronic medical record (evolution data, 
previous diagnoses, and medication use).

This study was approved by the Research Ethics 
Committee (REC) of ICSC, under registration number 
045475/2015.
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Statistical Analysis

Data related to categorical variables are described by 
absolute numbers and percentages, and analyzed using 
Fisher's exact test or chi-square test.

Data related to continuous variables are described 
as mean and standard deviation. Intra- and intergroup 
comparisons of continuous variables, when applicable, 
were performed using the paired and /or unpaired T 
test, with p values < 0.05 being considered significant. 
Odds Ratio (OR) was calculated for mortality related to 
some variables. Data were analyzed using the Microsoft 
Excel® 2007 program and the GraphPad InStat® 
statistical analysis program.

Results

A total of 816 patients (971 admissions) were included 
in the study. There were 92 in-hospital deaths (11.2%).  
The mean age was 66.5 ± 13.8 years, being significantly older 
among non-surviving patients (p = 0.03). Males showed a 
higher prevalence in both groups (52.2% of survivors and 
62% of non-survivors), with no statistically significant 
difference. Regarding ethnicity, most patients were 
Caucasians, but with a higher prevalence of Caucasians 
in the non-surviving group (p = 0.01) (Table 1).

When comparing patient groups, it was observed that 
the non-surviving patients had worse Functional Class 
(FC) according to the the New York Heart Association 
(NYHA) at hospital admission (p = 0.004), higher number 
of previous hospitalizations (p = 0.0001) and longer 
hospitalizations (p = 0.001).

Regarding the associated comorbidities, the 
non-survivors had more coronary artery disease 
(p = 0.01) and chronic AF (p = 0.0001). The presence 
of SAH, previous AMI, previous ischemic CVA, 
hypothyroidism, chronic obstructive pulmonary disease 
(COPD), diabetes and alcohol consumption did not show 
significant differences between the groups. There were 
more smokers among the survivors (p = 0.01).

Table 2 shows that, in the group of non-surviving 
patients, there were more complications during 
hospitalization, such as pulmonary thromboembolism 
(p = 0.05), unstable angina (p = 0.01), AMI (p = 0.001), 
AF (p = 0.0001), need for dialysis (p = 0.0001) and 
respiratory infection (p = 0.0001), which was the most 
frequent complication in both groups.

A total of 698 echocardiographic reports was evaluated. 
Although the ejection fraction and left ventricular systolic 

and diastolic diameters were similar between the groups, 
the restrictive diastolic pattern (p = 0.0001) and severe 
mitral regurgitation (p = 0.005) were more frequent in 
non-surviving patients, as shown in table 3.

The percentages of patients with BNP > 400 and 
>1000 pcg/mL were significantly higher among 
non-survivors (p = 0.03 and 0.02, respectively), 
according to table 4.

When comparing the results of laboratory tests at 
hospital admission between the groups of patients, a 
statistically significant difference was observed for renal 
dysfunction and hyperkalemia favoring the non-survivor 
group (Table 5).

The odds ratio (OR) for mortality are shown in Table 6. 
The findings that increased hospital mortality, among the 
laboratory variables collected at admission, were urea 
> 40 mg/dL (OR = 2.13), serum creatinine > 1.4 mg /dL  
(OR = 4.0), potassium >5.0 mEq/L (OR = 3.0) and 
BNP > 1000 pg /mL (OR = 2.0).

As for the drugs prescribed at hospital admission, 
the only statistically significant difference between the 
groups was Angiotensin-Converting Enzyme inhibitors 
/ Angiotensin Receptor Blocker (ACEI/ARB), with a 
higher prevalence in the group of survivors (p = 0,04), 
but their doses showed no statistical difference between 
the groups (Table 7).

Discussion

HF is one of the leading causes of hospital 
admission in the world. Data from the literature show 
that approximately 1 to 2% of the adult population 
in developed countries has HF, with a higher 
prevalence (≥ 10%) in the elderly older than 70 years.13 
The American Heart Association has estimated a 
prevalence of 5.1 million individuals with HF only in 
the United States, from 2007 to 2012.1

The incidence of a first hospitalization for HF in a 
study carried out in France in 2009 was 0.14%.14 A recent 
North-American study observed a reduction in the 
hospitalization rate for HF,15 as well as another study 
carried out in Canada, which analyzed inpatients and 
outpatients from 1997 and 2007, showing a 32.7% decline 
in the incidence of HF cases.16 In Brazil, a reduction in 
the number of hospitalizations due to HF from 2000 to 
2007 was also identified, with a proportional decrease 
in all geographic regions.1 The incidence and rates 
of hospital admission for HF have steadily declined 
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since the 1990s in several countries worldwide,17,18 and 
this seems to reflect a real decrease in HF, which can 
be explained by lower rates of smoking, better SAH 
control and greater use of reperfusion therapies, such 
as primary angioplasty.19

In the present study, the rate of in-hospital mortality 
for HF (11.2%) was much higher than that found in 
studies carried out in other countries,14,20,21 such as the 
ICARO registry, in Chile,22 but it agrees with recent 
Brazilian studies, such as the BREATHE trial and another 
performed in the state of São Paulo by Instituto do 
Coração (InCor), in which the mortality rates were 12.6% 
and 10%, respectively.7,23

Comparing data from the studied population with 
those from DATASUS,24 we observed lower mortality 
rates and length of hospital stay in our institution when 
compared to two cardiology referral centers in the country, 
InCor and Instituto Dante Pazzanese. It was also verified 
that the longer the hospital length of stay, the higher the 
in-hospital mortality. The Japanese trial ATTEND, which 
had a mean hospitalization period of 30 days, reported 
that most sudden cardiac deaths occur within 14 days of 
hospitalization.21 Thus, a hospital length of stay of just a 
few days may be too short to assess mortality.

The mean age of the patients was 66.5 years, that is, 
similar to the one in the BREATHE trial,7 but lower than 

Table 1 – Basal characteristics of the sample

Clinical factors Survivors Non-survivors p-value

Total of patients, n 724 92 -

Age, mean ± SD, in years 66.1 ± 13.8 70.4 ± 14.2 0.03

Male gender, n (%) 378 (52.2) 57 (62) ns

Female gender, n (%) 346 (47.8) 35 (38) ns

Caucasian ethnicity 632 (87.4) 89 (96.7) 0.01

Non-Caucasian ethnicity 53 (7.3) 2 (2.2) 0.01

Functional class, mean 3.4 ± 0.6 3.6 ± 0.5 0.004

Previous hospital admissions, mean ± SD 1.2 ± 0.6 1.7 ± 1.2 0.0001

Days per admission, mean ± SD 11.3 ± 11.5 15.5 ± 14.3 0.001

Diabetes, n (%) 223 (30.9) 26 (28.3) ns

Arterial hypertension, n (%) 380 (52.5) 55 (59.8) ns

Previous iCVA, n (%) 49 (6.8) 12 (14.1) ns

CAD, n (%) 181 (25.1) 34 (38) 0.01

Previous AMI, n (%) 136 (18.9) 25 (27.2) 0.07

Chronic atrial fibrillation, n (%) 170 (23.6) 44 (48.9) 0.0001

AF (ACO), n (%) 117 (16.2) 23 (25) 0.03

Hypothyroidism, n (%) 68 (9.5) 11 (12) ns

COPD, n (%) 89 (12.3) 13 (15.2) ns

Smoking, n (%) 217 (30) 13 (15.2) 0.01

Alcohol consumption, n (%) 60 (8.3) 4 (4.3) ns

SD: standard deviation; Ns: nonsignificant; iCVA: ischemic cerebrovascular accident; CAD: coronary artery disease; AMI: acute myocardial infarction; 
AF (ACO): atrial fibrillation in anticoagulation; COPD: chronic obstructive pulmonary disease.
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Table 2 – Events observed in the assessed sample

Complications Survivors n (%) Non-survivors n (%) p-value

Pulmonary thromboembolism 1 (0.1) 3 (3.3) 0.05

Unstable angina 14 (1.9) 6 (6.5) 0.01

Acute myocardial infarction 11 (1.5) 9 (9.8) 0.001

Bradycardia 2 (0.3) 2 (2.2) ns

Atrial fibrillation 15 (2.1) 26 (28.3) 0.0001

Respiratory infection 156 (21.5) 50 (54.3) 0.0001

Dialysis 2 (0.3) 16 (17.4) 0.0001

ns: non-significant.

Table 3 – Echocardiographic data of patients in the sample

Echocardiographic data Survivors Non-survivors p-value

FEVE, % 39.5 ± 18.9% 39.0 ± 20.0% ns

LVSD, mm 40.3 ± 14 35.9 ± 12.4 ns

LVDD, mm 57.5 ± 11 58.9 ± 11.8 ns

Diastolic dysfunction grade I (relaxation), % 32.2 17.2 ns

Diastolic dysfunction grade II (pseudonormal), % 29.4 13.8 ns

Diastolic dysfunction grade III (restrictive), % 38.4 69 0.0001

Severe mitral regurgitation, % 6 20 0.005

Severe tricuspid regurgitation, % 10.6 17.8 ns

LVEF: left ventricular ejection fraction; ns: nonsignificant; LVSD: left ventricular systolic diameter; LVDD: left ventricular diastolic diameter.

that of most international studies (69 to 77 years).16,20-22,25,26 
This difference may be related to an earlier manifestation 
of heart diseases in Brazil, less effective treatment 
of diseases that lead to HF onset, nonadherence to 
the recommended treatment or even only represent 
differences in the studied populations. Another Brazilian 
study, carried out in a private hospital in Rio de Janeiro, 
showed an older age group (72.5 years).27

Still regarding age, as expected, higher mortality 
rates were observed among older patients, as shown 
in the Framingham Heart Study,28 and confirmed by 
other trials.1,14,20,21,26,29

Although there was no statistically significant 
difference, there was a predominance of males among 
non-survivors (62%), being in according to the literature, 
which reports that HF prognosis is worse in men.14,28

The predominance of the Caucasian ethnic group 
(survivors: 87.4%, non-survivors: 96.7%) can be 
explained by the demographic difference in our 
country, with a higher prevalence of Caucasians in 
the South and Southeast regions;7 however, the black 
ethnicity was more prevalent among the survivors 
(7.3% vs. 2.2%, p = 0.01). The effect of ethnicity on HF 
prognosis is uncertain, as different studies have shown 
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Table 4 – Values of type B natriuretic peptide (BNP) in the sample

BNP values (pcg/mL) Survivors (%) Non-survivors (%) p-value

< 100 1.0 1.7 ns

100-400 6.0 10.0 ns

> 400 53.0 88.3 0.03

> 1.000 35.0 58.3 0.02

ns: non-significant.

Table 5 – Laboratory results at hospital admission

Laboratory tests Survivors Non-survivors p-value

Urea, mg/dL 61.6 91.1 0.0001

Creatinine, mg/dL 1.40 1.90 0.0001

Sodium, mEq/L 135.8 134.4 ns

Potassium, mEq/L 4.4 5.2 0.0001

Hemoglobin, mg/dL 12.5 12.0 ns

ns: non-significant.

Table 6 – Laboratory tests – odds ratio (OR) for mortality

Laboratory tests at admission n OR (CI) p-value

Urea > 40 mg/dL 376 2.13 (1.3-3.3) 0.001

Creatinine > 1,4 mg/dL 233 4 (1.8-9) 0.0006

Potassium > 5mEq/L 74 3 (1.7-5.4) 0.0001

BNP > 1,000 pg/mL 191 2 (1.1-3.5) 0.01

CI: confidence interval; BNP: type B natriuretic peptide.

divergent results. Dries et al.,30 in a study comparing HF 
evolution between Caucasians and blacks, identified 
higher mortality among blacks; Rathore et al.31 showed 
lower mortality among blacks hospitalized for HF; 
and Mathew et al.32 showed no difference in mortality 
between the ethnicities.

The comparative analysis between survivors and 
non-survivors confirmed some findings of poor prognosis 
in HF, including elevated NYHA-FC,1,5,13,25,27,29,33 prolonged 
length of hospital stay,21,23 higher number of previous 
hospitalizations,1,5,21,29,33 hyperkalemia, elevated BNP,1,5,33 
presence of comorbidities such as coronary artery 
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Table 7 – Drug treatment instituted at hospital admission

Medication Survivors (%) Non-survivors (%) p-value

Furosemide 81,8 87 ns

Hydrochlorothiazide 4,5 1,1 ns

Spironolactone 56,1 50 ns

Digoxin 36,1 43,5 ns

Nitrate 31,7 23,9 ns

ASA 49,1 50 ns

Hydralazine 6,8 6,5 ns

Amiodarone 6,7 8,7 ns

Beta-blocker 65,8 55,4 0,06

Carvedilol, mean ± SD 14,7 ± 13 mg 12,7 ± 9,3 mg ns

ACEI / ARB 79,6 62 0,004

Enalapril, mean ± SD 18,2 ± 8,1 mg 17,1 ± 8,2 mg ns

ns: non-significant; ASA: acetylsalicylic acid; SD: standard deviation; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin-receptor blocker.

disease, chronic AF,1,5,33 in addition to severe mitral 
regurgitation1,33 and diastolic dysfunction with restrictive 
pattern.1 The occurrence of acute coronary syndrome,5,13 
pulmonary thromboembolism,3 respiratory infection,3 
renal dysfunction and / or need for dialysis 1,3,5,13,20,26,29,33,34 
during hospitalization is also associated with higher 
mortality. Contrary to what has been described in the 
literature, there were fewer smokers among non-survivors. 
This may be due to a specific feature of this group or 
to a selection bias. Differences regarding the presence 
of diabetes,1,13,29,33 previous AMI,1 previous stroke,1 
anemia,1,5,13,33 hyponatremia,1,27 COPD,13,33 reduced left 
ventricular ejection fraction,1,5,23,33 and severe tricuspid 
regurgitation,1 although well established as factors of poor 
prognosis, were not significant in this study.

The rate of patients who had at least one hospital 
readmission during the study period was 12%.  
The ESC-HF Pilot study (Heart Failure Pilot Survey) 
found a one-year rehospitalization rate of 24.8%.29  
The 60-to-90 day-rehospitalization rate in the 
OPTIMIZE-HF (Organized Program to Initiate Lifesaving 
Treatment in Hospitalized Patients with Heart Failure) 
trial was 29.9% in patients with systolic dysfunction 
and 29.2% in those with preserved ejection fraction.35  
The ADHERE trial indicates that rehospitalization may 

reach 50% after hospital discharge.20 Our findings of 
a lower percentage of hospital readmission may be 
influenced by the absence of follow-up after hospital 
discharge, which would identify readmissions at other 
institutions and death after discharge.

Several studies have shown the correlation between 
BNP levels and HF severity.1,13,25,28,29,33 The ADHERE trial 
showed that BNP levels at admission were a marker of 
mortality, 20 as well as a rehospitalization predictor.28

As demonstrated in our series, AF is the most 
frequent arrhythmia in patients with HF,1,33 and 
its onset may determine symptom worsening, 
higher risk of thromboembolism and a worse 
prognosis. Potential precipitating factors (electrolyte 
changes, hyperthyroidism, alcohol consumption, 
mitral valvulopathy, acute ischemia, infection, and 
uncontrolled hypertension) should be investigated and, 
if possible, corrected.1

As in our study, the OPTIMIZE-HF trial identified 
a clinical factor that caused HF in approximately 60% 
of the patients, with pulmonary processes, myocardial 
ischemia and arrhythmias being the most common 
ones.35 Renal dysfunction is a frequent finding among 
those hospitalized for HF, and approximately 66% of HF 
patients have some degree of impaired renal function, 
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which would be one of the main predictors of in-hospital 
mortality among HF patients.34 Evidence shows that 
patients with COPD have a significantly higher risk of 
congestive HF, and that acute exacerbations of COPD 
may lead to HF worsening.25

Regarding the treatment of systolic HF, guidelines 
recommend the prescription of ACEI /ARB, followed by 
the introduction of a beta-blocker. It is also recommended 
that an aldosterone antagonist be introduced in the 
presence of an ejection fraction < 35%, if the patient 
maintains FC II to IV. Diuretics are recommended only 
to reduce congestion.5,33

The percentage of patients receiving ACEI / ARB, 
beta-blockers and spironolactone, which are measures 
that decrease HF mortality, was markedly higher than 
in other studies (Long-Term Registry ESC-HF, ICARO 
and BREATHE).7,22,36 Additionally, the use of ACEI/ARB 
at hospital admission was significantly higher among 
survivors. However, although the literature shows an 
increase in HF survival with the use of beta-blockers and/
or ACEI/ARB,1,33 it is probable that non-surviving patients 
had a more severe clinical and hemodynamic presentation 
that did not allow the use of these drugs.

In Brazil, there are still considerable failures in the 
treatment of HF, which may contribute to high morbidity, 
mortality, and economic costs of this pathology.7  
The analysis of the Euro Heart Survey showed that 
beta-blockers and ACEI were prescribed to less than half of 
the eligible patients, and the prescribed doses were below 
those proven to be effective.37 The IMPROVE-HF (Registry 
to Improve the Use of Evidence-Based Heart Failure 
Therapies in the Outpatient Setting) trial showed that the 
addition of each evidence-based therapy is associated with 
a significant reduction in mortality risk at 1 year.38

Limitations

Retrospective data collection, lack of standardization 
when recording the information in the medical records, 
possible underreporting of data and the absence of 
follow-up of patients after hospital discharge can be 
mentioned as limitations. The use of vasoactive drugs 
during hospitalization was not addressed, making it 
impossible to analyze these data.

Conclusion

The results of this study may help improve the 
management of patients with heart failure, by drawing 

attention to subgroups with a higher mortality 
risk, such as patients with older age, previous 
hospitalizations, high functional class, presence of 
coronary artery disease, atrial fibrillation, severe mitral 
regurgitation, renal dysfunction, and/or elevated 
B-type natriuretic peptide, those with acute coronary 
syndrome, respiratory infection or need for dialysis 
during hospitalization.

Patient drug treatment followed the recommended 
procedures in current heart failure therapy guidelines. 
The unfavorable clinical profile may have limited 
the applicability of some of the therapeutic measures 
considered to be decisive in the prognosis of this 
syndrome. Despite optimized drug therapy, in-hospital 
mortality remained high, as it was observed in other 
Brazilian referral services, when compared to the 
international average.
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Abstract

Background: A continuing education program for health professionals improves their performance and increases 
hypertension control rates.

Objective: To estimate the prevalence of hypertension control and therapeutic inertia among adults treated at 
Primary Health Care Units after a continuing education program focused on cardiology for health professionals.

Methods: A cross-sectional study was carried out, which included cluster sampling and analysis of medical 
records. We evaluated 463 patients with high blood pressure and analyzed the blood pressure, medications, 
and therapeutic increments in 2013, which were compared to the data obtained in 2007.

Results: There was prevalence of female patients and appointments at the Family Health Care Units.  
The age ranged between 24 and 92 years (mean of 61.7 years). There was a reduction in the mean blood pressure 
(148.62/91.60 ± 23.52/14.51 mmHg to 137.60/84.03 ± 21.84/12.72) between the first and last records, and BP control 
in 58% of the sample, that is, higher than the 36.6% found in 2007. In the analyzed period, there was a therapeutic 
increment of 39% in appointments, which benefited 52% patients with high blood pressure, higher than the 12% 
and 29.5%, respectively, found in 2007. The mean number of drugs per patient increased from 1.85 to 2.05, with a 
predominance of diuretics and angiotensin-converting-enzyme inhibitors.

Conclusion: There was a reduction in the clinical inertia and increased control of arterial hypertension was observed, 
compared with the findings of the previous study. The result suggests that the matricial support program for health 
professionals and other measures to improve disease control in the Primary Health Care Units were effective. (Int 
J Cardiovasc Sci. 2017;30(3):199-206)

Keywords: Hypertension / prevention & control; Hypertension / epidemiology; Prevalence; Inertia; Health 
Centers; Primary Health Care; Health Education.
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Introduction

There are many factors involved in the adequate control 

of arterial hypertension (AH). Regarding patient behavior 

shortly after disease diagnosis, greater appreciation 

of medical care and medication use was observed.1,2  

One inquires, therefore, whether health professionals are 

prepared to meet the requests of the population.

The importance of health professionals’ qualification 

and training is indisputable to achieve a higher quality 

of services.3-7 AH guidelines can contribute to it;8-10 

however, their knowledge does not represent a guarantee 

of their appropriate use. Cabana et al.11 reviewed 

publications searching for the different barriers that 

prevent adherence to the guidelines and Milchak et al.,12 

when evaluating the literature on physicians’ adherence 

to the guidelines, reported substantial gaps between 

the development, dissemination, and their routine use.  

Lemos et al.13 and Spranger et al.14 showed that the 

guidelines’ recommendations are not followed by 

primary care physicians and that their adherence is 

overestimated by professionals. La Sierra et al.,15 in a 
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study with general practitioners, verified there was no 
consensus on the fact that adherence to the guidelines led 
to better disease control and prevention of complications. 
Mion Junior et al.16 also identified gaps regarding the 
following of Brazilian guidelines by specialists and general 
practitioners. Permanent medical education strategies 
were reviewed and classified according to their degree of 
efficacy by Davis et al.3 in a meta-analysis that included 
99 studies. The most effective methods were systematic 
interventions based on daily practice.

In 2010, as a consequence of research on clinical inertia 
and hypertension control,17 the Matricial Support (MS) 
Program in cardiology was started by the Municipal 
Health Secretariat, aiming at continuing education for 
primary health care professionals and the training of 
teams to solve problems that require less technological 
density. To evaluate the possible contribution of MS to 
AH control, we repeated the study17 after 4 years.

The objective of this study was to estimate the 
prevalence of AH control and therapeutic inertia in 
adults treated at the Basic Health Units (BHUs) after the 
implementation of an MS program in cardiology.

Methods

This was a cross-sectional study, with a retrospective 
analysis of medical files of patients with AH, enrolled 
at the Municipal Health Secretariat. Patients were 
randomly selected by conglomerates in two stages, in 
which each BHU constituted a conglomerate. In the first 
stage, 14 BHUs (25%) of a total of 56, were chosen by 
drawing lots, including four conventional care units and 
ten Family Health Strategy (FHS) units, which included 
seven municipal health regions.

In the second stage, the patients from each BHU were 
selected by systematic random sampling, with probability 
proportional to the number of users linked to the unit. 
The last digit of the file was selected by drawing lots, 
from zero to nine, including all with the same last digit, 
following enrollment at the unit. When the patient did not 
meet the inclusion criteria, he or she was replaced by the 
subsequent one, and so on, until the number determined 
for that BHU was attained.

Inclusion criteria were men and women, older 
than 18 years, with AH and a minimum follow-up of 
12 months, completed by January 1, 2013, with at least 
two consultations with a physician or nurse in 2013, 
which included blood pressure measurements.

The sample was calculated based on the 34,116 users 
enrolled in the Pharmaceutical Assistance Service of the 
Municipal Health Secretariat and the expected prevalence 
of AH control in 36% of them, according to the findings of 
2007, with a desired accuracy of 0.05 and confidence level 
of 95%, obtaining a minimum of 354 users. The analysis of 
the medical record included demographic characteristics 
of the patients, such as gender, age, and BHU where the 
patient was originally enrolled. Arterial hypertension 
follow-up was calculated in months, from the first 
consultation due to AH at the BHU until January 2013. 
The systolic (SBP) and diastolic (DBP) blood pressure 
values were evaluated at the beginning of the treatment 
at the BHU and two measurements from 2013 (initial and 
final values in the year). For the purpose of this study, 
values lower than 140 mmHg for SBP and lower than 
90 mmHg for DBP were considered normal at the last 
consultation. For the calculation of clinical inertia, all 
blood pressure measurements and drug change records 
carried out in 2013 were used.

For the year 2013, the number of nursing and 
medical consultations, blood pressure measurements 
and changes in therapy (dose or association) were 
evaluated. The drugs used in the treatment, identified 
as diuretics, beta-blockers (BBs), calcium channel 
blockers (CCBs), angiotensin-converting enzyme 
inhibitors (ACEIs) and others, as well as the number 
of daily doses, were quantified.

Statistical Analysis

Values were expressed as n ± Standard Deviation (SD). 
The comparisons between the groups were made using 
Student's t-test for continuous independent variables, and 
the chi-square test, for nominal variables. A significance 
level of 5% (Confidence Interval of 95% - 95% CI) was used 
for the studied prevalence.

The research project submitted to Plataforma Brasil 
was approved by the Research Ethics Committee of 
Universidade Regional de Joinville (UNIVILLE) and 
authorized by the BHU Management of the Municipal 
Health Secretariat.

Results

A total of 463 records of hypertensive patients from  
14 BHUs were analyzed. Users of FHS units predominated 
(70%), as well as women (60.7%). The age ranged from 
24 to 92 years, with a mean of 61.7 years (± 11.41).  
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Table 1 – Temporal evolution of blood pressure in patients with arterial hypertension

Blood Pressure N Minimum Maximum Mean Standard deviation

Initial systolic blood pressure 463 90.00 240.00 148.6263 23.52664

Initial systolic blood pressure 2013 463 90.00 280.00 135.9093 23.33421

Final systolic blood pressure 2013 463 90.00 230.00 137.6048 21.84215

Initial diastolic blood pressure 463 60.00 140.00 91.6026 14.48756

Initial diastolic blood pressure 2013 463 10.00 180.00 83.2393 14.51320

Final Diastolic Blood Pressure 2013 463 40.00 140.00 84.0346 12.71954

The mean number of medical consultations was 2.99 (± 2.2) 
and nursing appointments were 1.55 (± 2.6) per patient in 
2013. Disease follow-up ranged from 14 to 420 months, 
with a mean of 95 months (± 54.84). The number of BP 
measurements ranged from 1 to 24, with a total of 1,640 
and a mean of 3.5 (± 3.34); the abnormalities ranged from 
zero to 18, with a total of 616 and a mean of 1.3 (± 1.76), 
and the therapeutic increment varied from zero to 3, with 
a mean of 0.52 (± 0.74).

Treatment resulted in significant reductions in SBP 
and DBP (Table 1), both at the first and last measurements 
of the year. At the last measurement, blood pressure 
was normal in 58% of the patients, respectively 62% 
(± 48) of the women and 53% (± 50) of the men, with 
no significant difference in mean blood pressure levels 
(p = 0.062). No significant differences were observed 
between conventional BHUs and FHS units regarding 
the distribution of patients with normalized final BP - 
respectively 57% and 60%. In the FHS units, 64/120 males 
and 122/204 females had compensated AH (p = 0.154), 
whereas 32/64 males and 51/77 females (p = 0.58) had 
compensated AH in conventional BHUs.

In the initial and final pharmacological treatment in 
2013, greater use of diuretics (68.6% and 72.0%) and ACE 
inhibitors (53.6% and 54%) was observed, followed by BBs 
(28.7% and 38.2%), ARBs (14.4% and 24.4%), and CCBs 
(9.7% and 14.5%). The variation was significant between 
the number of drugs used at the beginning and the end 
of 2013 (1.78 ± 0.76 and 2.0 ± 0.8, 0.261, with p = 000). 
No comparisons were made between monotherapy and 
combination therapy. 

Table 2 compares the results of the 2007 and 2013 
surveys, demonstrating the increase in the AH control 
and the reduction in therapeutic inertia.

Discussion

Despite evidence supporting the impact of AH 
treatment on morbidity and mortality reduction, 
disease control is still far from adequate levels in most 
settings.18-21 Better control levels have been reported in 
Canada, Cuba, and drug trials, which show that it is 
possible to achieve normal BP levels in a large number of 
participants.4,5,22 In the ALLHAT (The Antihypertensive 
and Lipid-Lowering Treatment to Prevent Heart 
Attack Trial) study,23 after 4 years of follow-up, BP 
was controlled in 72% of white Latino and 69% of black 
Latino individuals. In the CONVINCE study,24 control 
was maintained during the 2 years of the study in 69% 
of the participants. Insufficient control has numerous 
causes, including lack of knowledge of the disease by 
a significant number of patients, lack of adherence to 
treatment and inadequate treatment management by 
health professionals.1,2,6,7,25-28

Tamblyn et al., in a Canadian study developed between 
1993 and 2007, with 13,205 patients and 645 physicians, 
demonstrated greater adherence to treatment in patients 
treated by physicians who performed more reevaluations, 
better drug management that included faster therapeutic 
changes, and who better communicated with patients.6 
Professional competence is rewarded by better disease 
control and by a society with fewer cardiovascular and 
other complications, in addition to a reduction in costs 
for the healthcare system.

The interesting French study DUO-HTA, through an 
investigation with general practitioners, cardiologists 
and hypertensive patients, divided the physicians into 
five groups according to greater or lesser motivation to 
exercise their work. There was an association between 



202
Hoepfner et al.

Arterial hypertension control in Joinville

Int J Cardiovasc Sci. 2017;30(3):199-206

Original Article

Table 2 – Demographic and follow-up characteristics of patients with arterial hypertension in 2007 (415) and in 2013 (463)

Variables

2007 2013

Mean Standard Deviation Mean Standard Deviation

Age, years 61.5 ± 11.6 61.7 ± 11.41

Treatment, months 75.4 ± 49.3 95 ± 54.8

Medical consultations 2.6 ± 1.9 3.0 ± 2.2

Nursing consultations 3.6 ± 2.8 1.5 ± 2.6

Blood pressure measurements 5.0 ± 3.4 3.5 ± 3.3

Elevated blood pressure 3.1 ± 2.9 1.3 ± 1.7

Alteration in treatment 0.37 ± 0.9 0.52 ± 0.7

Initial drug therapy 1.7 ± 0.8 1.78 ± 0.76

Final drug therapy 1.8 ± 0.8 2.0 ± 0.8

Initial systolic blood pressure of the treatment 155.8 ± 20.8 148.6 ± 23.5

Initial systolic blood pressure, year 139.5 ± 20.8 135.9 ± 23.3

Final systolic blood pressure, year 140.3 ± 22 137.6 ± 21.8

Initial diastolic blood pressure of the treatment 95.7 ± 10.6 91.6 ± 14.5

Initial diastolic blood pressure, year 85.5 ± 13.3 83.2 ± 14.5

Final diastolic blood pressure, year 84.1 ± 12.4 84.0 ± 12.7

Compensated arterial hypertension, % 36.6 58

better disease control and highly motivated professionals. 
These physicians showed greater empathy with patients, 
better physician-patient relationship, and more optimism 
and competence in treating the disease.29

Phillips et al.25 pointed out that the biomedical model, 
focused on symptom relief, is as one of the causes of 
hypertension management failure. “Clinical inertia”, 
that is, the failure by healthcare professionals to initiate 
or intensify therapy when indicated, would be the major 
problem. The overestimation of the provided care, the 
use of “weak” reasons to avoid treatment intensification 
and gaps in education, training and organizational 
practice aimed at achieving therapeutic goals would be 
responsible for this inertia. Daugherty et al.,26 in a study 
carried out in patients with refractory hypertension treated 
in Primary Health Care, comparing treatment adherence 
and therapeutic inertia, found that the latter was more 
important regarding the insufficient control of AH. 
Heisler et al.,27 in a study that included 38,327 patients, 
found therapeutic intensification in only 30% of the 
opportunities. It was also verified that health professionals 

did not evaluate the presence of low adherence, and so the 
therapeutic intensification produced polypharmacy, even 
lower adherence levels and higher costs for the system.

Phillips et al.25 defined clinical inertia in 2001 and 
Okonofua et al.,28 in 2006, introduced the term "therapeutic 
inertia". The terms are applied to risk factors when the 
therapeutic goals are clearly defined, and the benefits 
derived from treatment are well established. It applies 
when therapy is recognized as effective and there are 
widely distributed and easily accessed guidelines.  
The health professional recognizes the problem but 
fails to act. Okonofua et al.28 observed 55% of medical 
consultations with high BP and therapeutic increment 
in only 13%. The multivariate analysis showed that a 
therapeutic increase in 30% of the consultations would 
result in 45% to 66% of control increase in one year.

In 2007, we found evidence of significant clinical inertia. 
After observing elevated blood pressure levels in their 
patients, primary care physicians promoted increases in 
therapy in only 12.0% of the occasions, favoring only 29.5% 
of hypertensive patients with changes in the number of 
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drugs or doses. Additionally, many hypertensive patients 
were no longer included in the study due to inadequate 
follow-up. In that year, only 36.6% of the treated subjects 
had normal BP, and the high percentage of comorbidities 
found suggested late diagnosis and inadequate treatment 
of AH.17 These findings stimulated the continuing 
education initiatives and the planning of a reevaluation.

The literature review3-7 suggests that continuing 
education programs that use multiple teaching and 
training tools, adapted to local conditions, and involving 
the different health professionals and patients, are 
likely to succeed. Easy access to specialist doctors, 
multiprofessional care and administrative interventions 
also contribute to better disease control. The Canadian 
Hypertension Education Program, implemented in 1999, 
contributed to an enormous increase in the diagnosis, 
treatment, and control of AH.4,5 AH control increased 
from 13.2% in 1999 to 64.6% in 2009.5

Predicted for some BHUs, the MS program ended 
up including all of them, at the request of regional 
coordination and the heads of the units. The Hypertension 
Guidelines10 were reviewed with the collaboration of 
Primary Health Care professionals, seeking greater 
adherence,15 and was improved by sports medicine 
guidelines. A periodic AH refresher course, carried out 
for decades, has been maintained.

Since many referrals to the specialist were based on 
electrocardiogram findings, including extrasystoles, 
divisional blocks, and others, in patients without clinical 
evidence of cardiopathy, a course on interpretation of 
reports was provided. The radiology reports suggesting 
increase in the left ventricle were focused on the MS 
program, because they generate unnecessary consultations 
and iatrogenesis.

Proposed by Campos and Domitti30 and Campos and 
Cunha,31 the MS in health aims to ensure specialized help 
and technical-pedagogical support to the professionals 
in charge of health care problems. The supporter is a 
specialist, who can contribute with interventions that 
increase the resolution capacity of the team primarily 
responsible for the case. MS seeks to customize reference 
and counter-reference systems by stimulating and 
facilitating direct contact between Primary Health 
Care and the supporting specialist. It provides the 
shared creation of clinical guidelines, including criteria 
for triggering support and defines the spectrum of 
accountability of the referral team members and 
matricial supporters.

MS and reference team are organizational arrangements 
and constitute a methodology for health work 
management, aiming at performing expanded clinical 
care and dialogic integration between different specialties 
and professions. This methodology complements 
reference and counter-reference mechanisms, protocols, 
and regulatory centers, and may be relevant to rationalize 
access to and the use of specialized resources.30,31  
It was initially used in mental health services, Primary 
Care, and the hospital area of the Unified Health System 
(SUS) of Campinas (SP). Subsequently, some programs 
of the Ministry of Health, such as HumanizaSUS, Mental 
Health and Basic Care / Family Health, were also 
incorporated into this perspective.31

Two basic ways to establish contact between Primary 
Health Care and the supporter were implemented.  
The first relies on scheduled sporadic and regular 
meetings, during which the health cases or problems 
selected by the reference team are discussed, therapeutic 
projects are elaborated and lines of intervention are 
established for the several professionals involved.  
The discussions encourage the dialogue on clinical, 
collective health and system management issues. 
In situations that require specific attention from the 
supporter's knowledge base, specialized interventions 
or interferences are scheduled, without excluding the 
Primary Health Care team follow-up. In the second, in 
emergency situations, the reference professional engages 
the supporter through electronic or telephone contact.

The weekly meetings, scheduled by the teams, using 
a semi-annual schedule, takes place in the BHU or in 
the regional headquarters. Although there are joint 
consultations, the usual format is the conversation circle. 
Initially, only doctors and nurses were involved, but 
nursing technicians and community health agents were 
soon included, followed by nutritionists, pharmacists, 
dentists, students, and other professionals.

In the first years, the Primary Health Care professionals 
brought dozens of cases for discussion, and the patients 
were allocated into three groups: those intended for priority 
and short-term care, those waiting for a consultation with 
the specialist and those to be reassessed by the general 
practitioner. Among the latter, there are patients with 
controlled disease and hypertensive patients supposedly 
refractory to treatment or without complications.

The MS contributed to the reduction in the time 
waiting for a consultation with a cardiologist and 
allowed anticipating the treatment of patients with more 
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complex and/or severe problems. It triggered a process 
in which the referrals made by the reference teams 
were qualified, reflecting the professionals’ greater 
aptitude and certainty regarding adequate patient 
management. Even with an unaffected availability of 
specialized consultations, the impact on the waiting 
was very relevant at the end of 2 years, going from 
11,180 to 3,739 patients.32 Most of the remaining patients 
comprise those on follow-up, and the waiting time for 
specialized care that lasted more than 12 months became 
less than 3 months. In cases considered as priority, 
which include chest pain, coronary disease, heart failure 
and preoperative assessments, the consultations occur 
within shorter periods. The participants' satisfaction 
with the method and results was expressed in 
testimonials and assessment meetings, and generated 
MS programs in other specialties.32

The MS was extended to the municipal hospital and 
to the emergency care units to discuss hypertensive 
pseudo-urgencies and cardiac emergencies. A program was 
also implemented for dental professionals to discuss the 
recommendations for the perioperative evaluation guideline 
of SBC33 and the AH guideline.8

Comparing the studies carried out in 200716 and 
2013, we observed an increase in the number of medical 
consultations and antihypertensive drugs per patient, as 
well as a reduction in therapeutic inertia, changes that 
must have contributed to the better control of AH in 
2013. During the period between the studies, city parks 
were equipped with gym equipment and the mileage 
of the cycle lanes increased, initiatives that may have 
contributed to some treatments. Media campaigns may 
also have contributed to greater demand for disease 
treatment and control.

The number of users enrolled in the Pharmacy Service 
of the Municipal Health Secretariat increased from 
27,700 to 34,116, suggesting an increase in diagnosis 
and treatment. We found high turnover by the medical 
staff in the conventional units assessed, with only 17% of 
active general practitioners since 2007, while 69% of the 
physicians were kept in the FHS units. As the knowledge 
was continuously disseminated and reached all Primary 
Health Care professionals, it is possible that the turnover 
effects were of little significance. SUS also provides the 
free distribution of antihypertensive drugs, but lack of 
medication was frequently observed in 2013 due to the 
inertia of the municipal manager – a variable that may 
have impaired disease control.

Another study carried out in 2013 found AH control 
rates similar to ours. The study evaluated the efficacy 
of providing guidance to hypertensive patients through 
Community Health Agents. Four FHS units and 
432 patients were included in the study. The Community 
Health Agents received training to measure blood 
pressure and used an automated device to measure BP 
at the patients' homes. The initial blood pressure showed 
a control of 52.3% in the measurements performed in the 
BHU and 65.5% in the home measurements. At the end 
of the Community Health Agents’ work, at 6 months, 
BP control in the home measurements was obtained in 
70.9% of the patients.34

Conclusion

Matricial support used a variety of pedagogical 
resources, including case discussions and topics of 
collective interest, face-to-face and at distance, joint 
consultations, joint creation of guidelines, distribution 
of scientific articles, training in blood pressure 
measurement, teamwork encouragement and others.3-7 
Furthermore, it facilitated access to the specialist and 
contributed to the qualification and appreciation of 
Primary Health Care professionals. Although only 
4 years have passed and despite the many variables, 
we believe that the continuing education initiatives 
for referral professionals, mainly matricial support, 
contributed to the large percentage of hypertensive 
patients controlled in 2013.

Two study limitations were considered important, 
the fact that blood pressure measurements were 
obtained from the medical records and, since it covered 
all Basic Health Units, it did not have a control group 
without matricial support. Therefore, we consider 
appropriate to perform local reevaluations and the 
use of matricial support in other services to confirm 
our findings.
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Abstract

Background: Although many researches have been conducted on either a certain antioxidant or mPTP individually, 
little attention has been drawn to the effects of co-administration of an antioxidant and mPTP inhibitor together on 
cardiac dysfunction after I/R injury. 

Objectives: This study aims at determining the effects of gallic acid (as Antioxidant) combined with cyclosporine 
A (CsA) (as mPTP inhibitor) on I/R induced cardiac and endothelial (role of NO) dysfunction. 

Methods: Male Wistar rats were pretreated with gallic acid (7.5, 15, or 30 mg.kg-1 body weight, daily) for a period 
of 10 days. Then, the heart was isolated and exposed to 30-minute ischemia and perfused by CsA (0.2 µM) 20 min 
during reperfusion period. 

Results: The data have shown that infarct size was decreased significantly by CsA and gallic acid alone (p < 0.05, one 
way ANOVA followed by LSD test), however the combination of both drugs had more significant improving effects 
(p < 0.001). The combination of these two drugs improved more significantly maximum rate of rise and fall of ventricular 
pressure (±dp.dt-1 max), rate pressure product (RPP), left ventricular developed pressure (LVDP), heart rate and 
coronary flow rather than applying each one alone (p < 0.05, repeated measurement ANOVA followed by LSD test).

Conclusions: In conclusion, benefiting from an antioxidant concomitant with an mPTP inhibitor could have more 
improving effects on the cardiac dysfunction induced by I/R injury. (Int J Cardiovasc Sci. 2017;30(3):207-218)

Keywords: Antioxidants; Gallic Acid; Cyclosporine; Ventricular Function; Endothelium; Reperfusion; Rats; Nitric 
Oxide Synthase.

Introduction

The disrupted supply of oxygen accompanied by 
myocardial ischemia leads to mitochondrial decline in 
electron transport chain (ETC) flux whose result is the 
subsequent mitochondrial swelling and degeneration. 
Then, ATP is depleted, so necrotic and mitochondrial 
death pathway occurs with the opening of mitochondrial 
permeability transition pore (mPTP).1-3 

The concept of myocardial cell injury occurring 
after ischemia/reperfusion (I/R) involves two major 
hypotheses: increases in intracellular calcium and/or the 

accumulation of reactive oxygen species (ROS). The latter 
causing the sarcolemmal peroxidation of the cellular 
phospholipid layer, leads to the loss of cellular integrity 
and facilitating calcium entry. During reperfusion, 
calcium enters the mitochondria in response to a variety 
of stimuli and can modulate the opening of the mPTP 
shown with its accessory components.2,4

NO is an important vascular tone modulator.              
Functional damage in the endothelium due to 
peroxynitrite formation is the aftermath of combining 
ROS with NO. This toxic compound can result in 
the initiation of apoptotic cell death.5 Prior studies                                              
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revealed that red wine extract and antioxidant treatment 
significantly improved post ischemic ventricular and 
contractil function.6,7 To reduce lethal reperfusion injury, 
new cardioprotective strategies, including preconditioning 
with antioxidants and inhibitors of the Mptp,8 have been 
applied. One of the fundamental mechanism involving the 
opening of K+

ATP  channels in the mitochondria results in 
the blockade of ischemia-induced collapse of the mPTP, 
and thereby leads to the preservation of mitochondrial 
function and cellular ATP.8,9

Previous studies have demonstrated that gallic acid, 
a metabolite of propyl gallate, improves antioxidant 
status and protects the heart and lysosome membrane 
against isoproterenol-induced oxidative stress in rats.10                    
Moreover, the perfusion of polyphenol (-)-epigallocatechin 
gallate (EGCG) during ischemia significantly reduced 
infarct size (50%) after reperfusion. It should be noted that 
the mitochondrial K+

ATP channels played a crucial role in 
cardioprotection induced by EGCG.11 Gallic acid treatment, 
showed in Ananya (2012), improved ulcer healing by 
increasing eNOS/iNOS ratio.12 In another study, Gallic acid   
induced eNOS expression and modulated the endothelium-
dependent vasodilation  and vasoconstriction.13 eNOS with 
anti-inflammatory role could protect the cell against I/R 
injury by increasing the NO production.13 

However, literature survey has shown that there are 
no scientific reports available on the antioxidant effects 
of gallic acid on hemodynamic parameters or NOS 
expression after I/R injury. 

In addition, it has been unraveled that the inhibition 
of mPTP by cyclosporine A preserved mitochondrial 
morphology after myocardial ischemia/reperfusion, 
limited myocyte necrosis and apoptosis, and reduced 
infarct size (60%).14

In accordance with the aforementioned facts, 
oxidative-stress-induced opening mPTP casts a pivotal 
role in lethal perfusion injury which is a cornerstone in 
cardioprotection. Therfore, the main object of  this study 
was to investigate the  effect of combination of gallic acid 
as a powerful antioxidant and cyclosporine A as a mPTP 
inhibitor on cardiac  hemodynamic dysfunction , infarct 
size and the NOS expression  after ischemia/reperfusion 
in rats’ isolated heart.

Material and Methods

Ethical approval

The protocols and procedures of the present study 
were approved by the animal care and use committee of 

the Ahvaz Jundishapur University of Medical Sciences 
(AJUMS.REC.1392.222).

Animals

 The experiments were conducted on ninety male 
Wistar rats weighing (250-300g) obtained from animal 
house of Ahvaz Jundishapur University of Medical 
Sciences, Ahwaz, Iran. The animals were randomly 
divided into the following 9 groups (Table 1). In each 
group 10 rat were chosen using Cochran formula. 
Different doses of gallic acid were dissolved in saline and 
administered once a day for 10 days orally via a gavage 
needle.10 All groups were maintained under the same 
conditions (temperature controlled room 22±2ºC, with 
a 12 h dark- light cycle supplied with food and water 
ad libitum). 

We chose the sample size using Cochran formula. 
With using it the number of rat in each group was____. 
But we predicted some missing because of ischemia. So 
we selected 10 rat in each group. 

Cochran formula was: 

Table 1 – Animals groups that have used in this study 
(n= 10)

Groups1 Gallic acid                          
(mg/kg)

Cyclosporine              
(µM)

Sham2

C1
Ca

Cb

Saline
Saline

0
0.2

G1
G1a

G1b

7.5
7.5

0
0.2

G2
G2a

G2b

15
15

0
0.2

G3
G3a

G3b

30
30

0
0.2

C: control groups; G: groups that received gallic acid.  This group wasn’t 
exposed to ischemia / reperfusion.
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Drugs

Gallic acid , cyclosporine A (CsA), heparin, 
2,3,5-triphenyl tetrazolium chloride (TTC), were 
purchased from Sigma (St. Louis, MO); sodium 
chloride, potassium chloride, magnesium sulphate, 
sodium hydrogen carbonate, potassium hydrogen 
orthophosphate, D-glucose and calcium chloride were 
obtained from Merck Laboratories, ketamine and 
xylazine from Alfasan Co (Woderen- Holland).

Isolation and preparation of the heart 

The animals were anesthetized by Ketamine HCL   
(50 mg.kg-1), xylazine (2-5 mg.kg-1) and to prevent blood 
clotting heparin (1000 U.kg-1, IP) was injected. The trachea 
was cannulated and the animals were ventilated with 
room air using a rodent ventilator (UGO BASILE, model: 
7025).15 The chest was opened and the ribs were removed, 
and then a steel cannula was placed into the aorta and 
secured with a suture. The heart was immediately 
perfused with Krebs-Henseleit solution. Then, the heart 
was quickly excised and transferred to a Langendorff 
apparatus while it was continuously perfused with 
the solution at a constant (60-70 mmHg) pressure and 
temperature (37°C). Before starting the experiments, 
the buffer was bubbled with 95% O2-5% CO2 to attain 
a pH of 7.4. 

A water-filled latex balloon was connected to a 
pressure transducer by a stainless steel needle was 
introduced through the left atrium into the left ventricle 
to measure left ventricular pressure (LVP). The heart was 
placed in a jacketed glass chamber at 37°C temperature 
and provided with a 25-to 30-min period to reach 
equilibrium before any experiment. The balloon volume 
was adjusted in a way that a LV end diastolic pressure 
(EDP) reaches to 5-10 mmHg. A Power lab system (Power 
lab, AD instrument, Australia) was used to analyze the 
signal from the pressure transducer. Left ventricular 
developed pressure (LVDP), left ventricular systolic 
pressure (LVSP), ventricular EDP, maximum rate of rise 
(+dp.dt-1 max) and maximum rate of fall (-dp.dt-1 max) 
of LVP, and the rate-pressure product (RPP; product of 
LVDP and heart rate) and lead II of ECG were recorded. 
All hearts were perfused for 25-30 min before the 
induction of ischemia to allow the stabilization of LVP 
and Coronary Perfusion Pressure (CPP). Next, they were 
subjected to a 30-min no flow global ischemia, followed 
by 60 min of reperfusion.16 The successful induction 
of ischemia was determined by ST elevation on the 

electrocardiogram. Heart rate and perfusion pressure were 
constantly monitored.15 CsA was dissolved in ethanol and 
added to perfusion solution. After 30 min of ischemia, the 
hearts were reperfused with 0.2 µM of CsA for 10 min 
and then the reperfusion continued with ordinary Krebs-
Henseleit solution buffer.17 The above mentioned cardiac 
parameters were measured at the end of ischemia and at 
every 15 minutes during reperfusion period. 

Determination of infarct size

At the end of the above mentioned experiments, the 
heart was sliced (2 mm thick) and incubated with 1% 
TTC for 20 minute at 37°C temperature. Then, the slices 
were incubated in 10% formalin for 60 minutes. Next, the 
infarct area was measured by calculating the percentage 
of the total area of slice on both sides and via using image 
analysis software (NIHimagepro.1.16).17 

Evaluation of eNOS mRNA expression

 Tissue samples were frozen for 1 month. On the 
experimental day, the total RNA was extracted from 
the frozen tissue samples using Trizole reagent (Roche 
Diagnostics, Indianapolis, IN). The concentration of 
the total RNA was determined by spectrophotometry  
(Bio Photometer Plus, Eppendorf, Hamburg, Germany).                     
We read the RNA at 230 and 260nm. The samples 
which were in 1.9-2.1 mm were selected to continue the 
assessment. The others were excluded of the study.

The cDNA, according to the manufacturer’s instruction, 
was synthesized from 1 µg of the total RNA with the 
Reverse Transcription kit (Fermentase, England).

Reverse-transcribed polymerase chain reaction (RT-
PCR) was performed to determine mRNA levels of the 
constitutive (endothelial) (eNOS) and inducible nitric 
oxide synthase (iNOS) isoforms in rats’ ventricular tissue.18 

PCR amplification

Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was amplified from the same amount of RNA 
to evaluate a variety of different samples in comparison 
to the control group. The PCR solution contained 10 µl 
of first-strand cDNA, 5µl 10X PCR buffer, 10mM MgCl2, 
25 Pico mole of both sense (5_-ACC ACA GTC CAT 
GCC ATC AC-3_) and antisense (5_-TCC ACC ACC 
CTG TTG CTG TA-3_) GAPDH primers.19 It yielded 
400 bp of GAPDH, 25picomole of both sense (5_-CGA 
GAT ATC TTC AGT CCC AAG C-3_) and antisense 
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(5_-GTG GAT TTG CTG CTC TCT AGG-3_) eNOS 
primer,19  which yielded 200 bp of eNOS, and  25Pico mole of  
sense (5`CACCTTGGAGTTCACCCAGT3)`and antisense 
(5`ACCACTCGTACTTGGGATGC3)  iNOS  primer,20 which 
yielded 220 bp of iNOS message, 5U/µl Termophylus 
Acquaticus (Taq) DNA polymerase (Cinagen, Iran,), and 
water to a final volume of 50 µl.

The cycling program consisted of incubation at 95˚C 
for 3 min (eNOS and GAPDH) and at 94˚C for 45s for 
(iNOS) to active DNA Taq polymerase and 35 two-
step cycles with denaturation at 60˚C for 60 s (eNOS 
and GAPDH) and 60˚C for 45s (iNOS) and annealing/ 
extension at 72˚C for 10 min for all of them. The template 
negative control (H2O) was routinely run in every PCR.                                                                                                                   
PCR products were run on 2% agarose gel electrophoresis 
and photographed after ethidium bromide staining under 
UVlight.  Expression levels of all genes were normalized 
against GAPDH expression (internal calibrator for equal 
RNA template loading and normalization). Using a 
computerized densitometric system (Image J),18 bands 
on the gel were scanned and quantified.

 Statistical analysis

The results were analyzed by using SPSS version 16 
and expressed as Mean±SEM. Comparisons between 
groups were performed using one-way ANOVA or 
repeated-measurement ANOVA followed by LSD 
multiple comparison test. P-values of less than 0.05 
were considered significant. Normality was checked 
using Kolmogorov Smirnov test. We accessed the 
hemodynamic changes between control group and 
others during the 2 hours of test. This time included 
the pre ischemia period, ischemia and reperfusion.                            
During this time we recorded the changes repeatedly. 
The main aim was to compare this changes between 
control and treated groups. So comparison within each 
group was not performed.

Results

Effects of Gallic Acid +CsA on myocardial function

Myocardial contractility (shown as ±dp.dt-1) 
was decreased in almost all groups, as shown in 
Table 2. Although pretreatment with gallic acid 
(7.5–30 mg.kg-1) alone had no significant effects, CsA 
improved the contractility significantly compared 
with control (p<0.01). Nevertheless, the combination of 
gallic acid (15 mg.kg-1) and CsA had more significant 

improving effects on the contractility (p<0.001).                                                                                                         
Also the combined form improved contractility 
compared with  only CsA (p<0.05) and no significant 
effect with gallic acid alone.

Furthermore, different doses of gallic acid or CsA 
alone had no significant effects on LVDP, while the 
administration of gallic acid (7.5 and 15 mg.kg-1) + 
CSA improved LVDP significantly (p<0.05, Table 2).                          
The LVSP was increased by gallic acid (7.5 and 15 mg.kg-1)  
pretreatment in combination with CsA (p<0.05); but 
the combined effect of 15 mg.kg-1 gallic acid + CsA was 
more significant than that of gallic acid (7.5 mg.kg-1) 
pretreatment + CsA compared with control (p<0.01, 
Table 2). This rising was not significant in comparison 
with CsA or gallic alone.

The rate pressure product (RPP) was decreased 
in almost all groups, as shown in Table 2. Although 
pretreatment with gallic acid (7.5–30 mg.kg -1) alone had 
no significant effects on RPP, the combination of gallic 
acid (15 +CsA mg.kg -1) and CsA improved it significantly 
compared with control (P<0.001). In this case, comparison 
of combinations treats with CsA or gallic alone was not 
significant.    

Coronary flow

Coronary flow decreased in all groups during the 
post-ischemic reperfusion compared to pre-ischemia. 
The administration of gallic acid (15mg.kg-1) + CsA and 
CsA improved the coronary flow significantly toward 
normal pre-ischemic value compared with control                                  
(Table 2). However, other doses of gallic acid alone or in a 
combined form had no significant effects on the coronary 
flow compared with control or CsA alone. Also the gallic 
acid alone had not significant effect in comparison with 
its combined form.

Heart rate

At the beginning of the experiment, the rate of 
isolated heart in all groups was not different from one 
another (pre ischemia period). However, at the end of 
reperfusion, the heart rate of all groups was reduced 
significantly compared with control (p<0.05, Table 2) but 
this reduction was not significant in comparison with 
CsA or gallic acid alone. Nevertheless, the administration 
of CsA alone increased the heart rate slightly during the 
first 60 minutes of reperfusion.
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Table 2 – Hemodynamic parameters during pre-ischemia and reperfusion (60 min of post ischemia) periods of 
ischemia-reperfusion protocol

Group1 +dp/dt -dp/dt LVDP LVSP RPP CF HR

Ctrl
Pre 2991.2±384 1615.5±237.5 90±15.1 95.5±15.2 27989.5±5499.9 11.2±1 273.7±12.6

Post 605.6±72.3 291.7±37.4 22.9±2.9 33.3±5.3 4319.2±394 4.1±0.5 171.2±15.6

G 7.5
Pre 2342.7±278.9 1067.4±152.4 68.4±9.1 74±9.1 18084.8±3672.1 11.8±1.1 236±10.5

Post 1358.3±546.9 504.2±215.6 41.2±14.3 59.5±11.5 8970.4±3516.9 6.2±1.5 200.8±21.9

G 15
Pre 2801.2±312.6 1242.7±131.5 67.3±5.1 74.2±5.2 19349.7±1273.5 11.7±0.8 281.3±9.1

Post 820.5±134 321.7±59.6 25.2±3.4 37.5±4.2 3934.6±903.7 5.4±1 152.8±18.3

G 30
Pre 2367.3±210.8 1507.9±568.7 64.4±7.9 71.9±7.8 18409.3±2323.4 10.3±1 257.7±13.3

Post 840±141.4 306.9±56.3 39±8.3 51.8±7 6271.9±2153.9 5±0.6 151.6±24

CsA

Pre 3036.4±374.5 1470.2±236.2 82.1±10.2 88.1±9.9 23409.6±2442.3 10.4±1.2 292±14

Post 1510±319.9** 670±142.1 36.3±7.6 53.5±7.1 8881±1623.9
7.6±0.9*

(p=0.006)
210.9±19.1

G 7.5+ CsA

Pre 2477.9±192.7 1165.6±168.6 66.6±5 72.1±5.7 15614.3±1681.6 10.4±1.1 234±16.6

Post 1016.6±225.9 402.8±128.8
63.8±7**

(p=0.003)

73.8±20.1*

(p=0.01)

11486.5±5450.9*

(p=0.02)
5.3±1.3 193.9±19.6

G 15+ CsA

Pre 2764.9±208 1614.4±213.5 89.1±13 94±12 23173.8±3674.2 10.7±1.2 243.6±9.2

Post
2142.1±314.9**, #

(p=0.007)

841.4±109.5*,#

(p=0.03)

54.1±8.3**

(p=0.007)

88.8±10.3**

(p=0.002)

10063±1601.6**

(p=0.001)

7.7±1.9**

(p=0.007)
187±17.2

G 30+ CsA

Pre 2554.4±180 1164.4±123.9 72.5±7 78.9±7.2 20498±2285.7 8.6±1 283.2±17.7

Post 911.3±198.2 327.6±77.4 22.6±4.4 35.8±6.1 4462±1050.4 6.5±1.5 186.8±24

1 Ctrl: control group, G7.5: gallic acid (7.5 mg/kg), G15: gallic acid (15 mg/kg), G30: gallic acid (30 mg/kg), CsA: cyclosporine A, G7.5+CsA (gallic 
acid (7.5 mg/kg)+ CsA), G15+CsA (gallic acid (15 mg/kg)+ CsA), G30+CsA (gallic acid (30 mg/kg)+ CsA), +dp/dt: Maximum rate of rise of  left 
ventricular pressure, - dp/dt: Minimum rate of rise of left ventricular pressure, LVDP: left ventricular developed pressure, RPP: rate of pressure 
product, CF: coronary flow HR: heart rate, pre: pre ischemia, post: post ischemia.
* p < 0.05: compared with control, ** p < 0.01: compared with control, *** p < 0.001: compared with control. #: compared with CsA alone.

Effects of Gallic Acid +CSA on myocardial infarct size

Myocardial infarct size was expressed as the percentage 
ratio of the infarct area to the total area. This ratio was 
26.74 ± 2.3 % for the control group subjected to 30 min of 
ischemia and 1h of reperfusion (Figure 1). In spite of the 
fact that there was a significant reduction in the infarct size 
for those groups that received gallic acid 15,30mg.kg -1 or 
CsA alone (p<0.05, one way ANOVA followed by LSD),  
this reduction for those groups receiving gallic acid                                                                                                                
(15 or 30 mg.kg -1 doses) +CsA was much more significant 
compared to control (p<0.001, one way ANOVA followed 

by LSD). There was no significant decrease between 
combined form compared with CsA or gallic acid alone. 

The animals received three different doses of gallic 
acid (7.5, 15 and 30 mg/kg) for 10 days prior to isolation 
of the heart and induction of ischemia (30 min) and 
reperfusion (1 h) without or with CSA (0.2 µM, 10 min 
before and during reperfusion). Control animals received 
normal saline as the solvent of gallic acid. Myocardial 
infarct size expressed as the ratio of the infarct area to 
the total risk area in percentage.* Indicates significant 
difference with control group (*p<0.05, *** p<0.001, n=10 
per group one way ANOVA followed by LSD test). 
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Figure 1 – Effects of Gallic acid and/or cyclosporine A (CsA) on myocardial infarct size (means ±SEM, n=10) of different groups of rats.
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Effects of Gallic Acid and Cyclosporine on eNOS 
and iNOS mRNA expressions 

The analysis of PCR results revealed that ischemia /
reperfusion decreased the levels of mRNA expression of 
eNOS in control group in comparison with Sham operated 
rats, but mRNA expression of iNOS increased in control 
group compared to sham. The mRNA levels of eNOS 
were significantly increased in gallic acid-treated (G7.5, 
G15 and G30 mg/kg) animals or those treated with CsA 
(0.2µM) alone, compared to the control group (p<0.001; 
Fig. 2a). The highest levels of mRNA expression of eNOS 
were observed in the administration of concomitant gallic 
acid and CsA compared with control. (p<0.001; Fig. 2a).  
The mRNA expression elevation was not significant in 
comparison with CsA or gallic alone.

iNOS mRNA expression was decreased  significantly 
using gallic acid (G15 and G30 mg/kg) or CsA alone  
compared to that of control group, however the combination 
of both drugs induced more reduction with lower doses 
of gallic acid (G7.5+CsA , G15 + CsA) (p<0.001; Fig. 2b) 
and supplementary figure. The mentioned changes were 
not significant in comparison with CsA or gallic alone.

Data was expressed as the mean ± SEM. The animals 
received three different doses of gallic acid (7.5, 15 and 
30 mg.kg-1) for 10 days prior to the isolation of the heart 
and the induction of ischemia (30 min) and reperfusion 
(1 h) without or with CSA (0.2 µM, 10 min before and 

during reperfusion). Analysis of quantitative PCR 
results revealed that the administration of gallic acid 
reduced mRNA expression of iNOS but it increased 
that of eNOS.

For the description of experimental groups, see caption to 
Figure 2a, and b. Asterisks indicate a significant difference. 
***p<0.001 as compared to the control group (n=6).

Discussion

As expected, the cardiac functions such as contractility, 
RPP, coronary flow and LVDP reduced during ischemia 
and reperfusion. The results of this study have shown 
that although the pretreatment of animals with gallic acid 
alone, as an antioxidant, reduced the infarct size, it had 
not significant effects on cardiac functions. Furthermore, 
the reperfusion of the heart with CsA improved cardiac 
functions partially, and reduced the size of infarction. 
Nevertheless, the combination of both drugs had more 
significant effects on the cardiac performance and the 
reduction of infarct size. 

The fourth object was measuring the infarct size.                  
Other studies showed that this parameter increased after 
3 hours of reperfusion compared with 1 hour21 with TTC 
staining. So we evaluated it after 1 hour of reperfusion in 
according with our study main objects (investigation the 
changes during early of reperfusion not late).
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Figure 2 – Effects of gallic acid and cyclosporine on myocardial (a) eNOS and (b) iNOS.
mRNA expression. 
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Under normal conditions, there is a balance between 
the formation of pro-oxidants and the amount of 
antioxidants. During I/R, the impairment of myocardial 
function is mainly attributed to the interruption of 
the aforementioned balance and the elevation of ROS 
production.22 It has been shown that the excessive 
ROS could lead to peroxynitrite formation from NO 
radicals in response to its combination with superoxide 
anion and damage the cells in vascular and cardiac 
tissues.23 Furthermore, lipid peroxidation of cell 
membrane exacerbates the cell energy depletion due 
to the damage of mitochondrial enzymes. In addition, 

nucleic acids, cell membrane integrity, sarcoplasmic 
reticulum (SR) and Na+-Ca2+ exchanger function are 
damaged, so that intracellular and mitochondrial Ca2+ 
overloads occur.24 Following these events, the excess 
of Ca2+ induces mitochondrial enzymes dysfunction, 
membrane depolarization and opens the mPTP in 
the heart myocytes.2 During ischemia, because of 
disruption of electron transport chain (ETC), ATP 
production is impaired and the cell is depleted of high 
energy phosphates.25 Following these injuries, due to 
anaerobic metabolism and the accumulation of lactate 
and pyruvate, the intracellular acidosis is increased, 
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and then the uncoupling of oxidative phosphorylation 
occurs which, in turn, leads to mitochondrial swelling. 
This vicious cycle leads to necrotic cell death and cardiac 
dysfunction.26 After the opening of the mPTP, cytochrome 
C is released into the cytosol, interacts with apoptosis 
protease activating factor-1(APAF-1) and leads to the 
activation of the caspase-9 which activates caspase 3 that 
is a key executor for apoptotic signaling.27 

During the last few years, some cardio protection 
strategies have been applied to reduce the lethal 
injuries of I/R, including pre- and post-conditioning 
by antioxidants, by activators of the reperfusion injury 
salvage kinase pathway (RISK), by inhibition of protein 
kinase c-delta and ultimately by mPTP inhibitors such as 
CsA or sanglifehrin A.28 In this study, our strategy was to 
protect the heart by using antioxidant and prevent from 
opening the mPTP. By means of this, we hypothesized 
that the cell can be insulated against the previously 
mentioned vicious cycle that leads to the opening of 
mPTP, and then to the disruption of ATP production.26 

Previous studies have shown that gallic acid could 
improve antioxidant status through the inhibition of 
lipid peroxidation and that it protects the heart and 
lysosome membrane against isoproterenol-induced 
oxidative stress in rats.29 In addition, during I/R, the 
administration of Polyphenol (-)-epigallocatechin gallate 
(EGCG) significantly reduced infarct size by 50% and 
the mitochondrial KATP channels played a crucial role 
in cardio protection induced by EGCG.30 Also, EGCG 
inhibits the transcription of inducible nitric oxide 
synthase.31 On the other hand, it was reported that mPTP 
inhibition by CsA maintained mitochondrial morphology 
after I/R injury in rabbits and that it limited myocyte 
necrosis and apoptosis.32 

It has shown that reperfusion had some deleterious 
effects due to ROS production and PH disturbances 
during ischemia period. These phenomenon  is time 
dependent and can led to cell death and myocardial 
injury which is called ‘lethal reperfusion injury’.8                           
In this study we had several aims. The first of our aims 
was to investigate the eNOS expression during early 
reperfusion time. Also other studies have suggested that 
eNOS expression increased time- dependently during 
the early of reperfusion (1 hour) and  iNOS expression 
in late of it (3-24 h). This rising has some deleterious 
effects via NO production. The NO reacts with ROS 
which were produced during ischemia and formed a lot 
of ONOO- which was  led to  cell apoptosis.33 NO has a 
bidirectional effects: moderate values of it has protective 

effects but a high level is harmful. Second goal was to 
find one of mechanisms on how antioxidants can improve 
the hemodynamic and endothelial dysfunction via NO 
production and its source during early reperfusion 
(protective eNOS pathway).34 So we selected one 
hour of reperfusion which is related to eNOS activity.                           
Third: we measured the enzymatic activity for assessment 
of oxidative stress and cellular damage due to myocardial 
infarction in the immediately reperfusion period when 
typically it is at its greatest35  and published its result 
which the most  changes was  during first 15 min of 
reperfusion36 so we measured these parameters every 
15 min  like other studies method35 because the I/R 
injury was worsened by the time and our object was 
to investigate the preventive role of antioxidant or 
mPTP inhibitor and combined effect of both during 
total time of experiment . We were going to check the 
severity of I/R injury after 60 min of reperfusion when 
the No production  derived from eNOS was affected 
by pretreatment with different doses of  antioxidant37,38 
only or in combination with a mPTP inhibitor (CsA). 
Because other studies have shown that  inhibition of 
mitochondria permeability transition pore with this drug 
can prevents the eNOS expression.39 We concluded that 
our antioxidant (gallic acid) modulated the I/R injury via 
NO production and this NO was derived from eNOS not 
iNOS. Investigation of hemodynamic changes during late 
reperfusion was not the main aim of our study. 

Although having observed that the flow increased 
insignificantly during reperfusion in the hearts of 
animals pretreated by gallic acid alone, we concluded 
that its combination with CsA had more significant 
effects. The above-mentioned improvement in cardiac 
function, observed in our study, could be attributed 
to antioxidant effects of gallic acid. It seemed that 
scavenging of ROS by gallic acid already reported10 could 
protect the cells against oxidative and nitrosative stress. 
In addition, by inhibition of proxy nitrite production, it 
could maintain the endothelium function and vascular 
tone. Previous studies showed that gallic acid increased 
eNOS expression.2 An increase in iNOS activity and a 
decrease in eNOS activity during ischemia were related 
to I/R injuries.  Our results showed that post-ischemia 
iNOS expression in control group increased to 1.6 times 
as much as that of sham group. Treatment with gallic 
acid or CsA alone raised eNOS/iNOS original ratio by 
2 times, but the combination of both drugs was more 
efficient. It is because eNOS expression was increased by 
3 folds, using gallic acid with CsA, but iNOS expression 
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reduced to one fourth. These results corresponded to 
those of other researchers that suggested the increasing 
of eNOS/iNOS ratio with a resveratrol analogue.40 
Taken together, our results established that NO derived 
from eNOS probably modulated the blood flow and 
this effect is more efficient in the combination of gallic 
acid 15 mg/Kg with CsA]. In addition, eNOS expression 
increased by using all compounds could be attributed 
to enhanced bioavailability of NO during I/R injury.41 
Furthermore, our results revealed that contractility 
(±dp.dt-1), RPP, LVDP and heart rate were improved 
in the groups perfused by CsA in combination with 
gallic acid pretreatment. This effect could be ascribed 
to the preservation of the mitochondria against ROS 
by increasing the antioxidant capacity with gallic acid 
and through the inhibition of mPTP opening by CsA.                 
Thus, the ATP could be kept in the cell and the Ca2+ 

overload was prevented due to the enhanced uptake 
of Ca2+ into the SR by activating the RISK pathway.  
Therefore, the interaction of contractile elements with 
each other could be improved and become faster.42                                                                                                
However, using the highest dose of gallic acid (30 mg/kg) 
reversed these effects. According to another study, the 
process could be explained by a pro-oxidant effect of 
Gallic acid in high doses, because it has proved that 
ferric ion could chelate the hydroxyl group in Gallic acid 
molecule and reduce the oxidation potential, thereby 
it will lose its antioxidant activity.43 Also, contractility 
was increased with CsA alone but it didn’t recover with 
G7.5+ CsA. This effect can be explained with I/R injury 
after 1 hour of reperfusion. Because 1-hour-reperfusion, 
contractility was decreased much more than that of 
30-minute- reperfusion, so the injury became worse and 
the protective effect of CsA couldn’t recover it to the 
level of 30-minute-reperfusion. On the other hand, by 
using higher dose of Gallic (G15+ CsA), the antioxidant 
system gets stronger and prevents ROS production in 
mitochondria.26 In fact, it is possible that CsA couldn’t 
inhibit more mPTP which was opened by ROS produced 
due to I/R injury over the time.

Some of studies controled the heart rate with 
pacemaker. Also, this  was a variable in our study. 
We were going to assess the changes of it during the 
experiment. So we didn’t control it. Because of comparing 
this variable with control group, it couldn’t make a bias 
in this study. (all groups were similar). The object was 
to investigate the hemodynamic parameters changes 
affected by I/R and pretreatment. So the heart rate was 
a variable that we wanted to evaluate it by it self without 

any intervention (using pace maker didn’t satisfy this 
object). There are other studies using this method.35 

Other studies showed that infarct size increased after 
reperfusion21 with TTC staining. So we evaluated it 
during the beggining of reperfusion.

In this study, the infarct size was significantly reduced 
by gallic acid or CsA alone (almost 15%) but this reduction 
was more significant by the concomitant administration 
of these two drugs (almost 25%). This effect could be 
attributed to the activation of a protein kinases group 
which improved uncoupling oxidative phosphorylation 
and prevented  the swelling of the mitochondria and cell 
death.44 mPTP inhibition brought about the activation 
of the anti apoptotic and RISK pathways represented 
a mechanism for programmed cell survival. We also 
observed that the administration of both drugs improved 
the myocardial contractility more than the administration 
of each drug alone. 

It has been already acknowledged that the CsA is 
not just an mPTP inhibitor. It also inhibits calcineurin 
which modulates mitochondrial death signaling.                                        
While other studies have reported that using FK506, 
a potent calcineurin inhibitor which is 100 times more 
potent than CsA, has not affected caspase activation. 
Therefore, the role of CsA in blocking the mitochondrial 
pores can be more important than its other roles.                             
In addition, other studies have reported that using 
CsA at low doses has no toxic effects.45 We used the 
lowest dose of (0.2µM) which was much lower than 
that of (20 mg.kg-1) used by other studies,46 but it may 
be insufficient to inhibit the largest numbers of mPTP. 
Therefore, the effect of higher doses of the mPTP inhibitor 
that has laid unexplored hitherto, is highly liable to whet 
the appetite of interested, specialized researchers to set 
out further investigation of greater scrutiny. 

Conclusion

In conclusion, using gallic acid as an antioxidant 
concomitant with the preservation of mitochondria by 
CsA as an mPTP inhibitor in G15+CsA in comparison 
with control, could have more improving effects 
on cardiac dysfunction, iNOS and endothelial NOS 
expression induced by I/R injury.

Study limitations

We had some limitations in our study, for example, our 
funding and facilities were very limited. So we couldn’t 
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do more experiments. For example, we couldn’t did 
qPCR because of funding and instruments limitation. 
So we forced to do the experiments using the facilities 
which were available. In addition, we limited to measure 
the protein expression. Also, we had limitation for 
assessment the mitochondrial function or morphology.
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Abstract

Background: Erectile dysfunction (ED) and coronary artery disease (CAD) share the same risk factors and the 
associations between ED, quality of life (QoL) and CAD have been the subject of recent studies.

Objective: To evaluate whether ED is associated with worsening QoL in patients with CAD.

Methods: A cross-sectional, multicenter, prospective and analytic study was carried out from EDcember 2014 to April 
2016, which recruited 304 men (mean age: 57 ± 9.9 years) with clinical diagnosis of CAD. QoL was assessed using 
Short Form-36 and ED by the International Erectile Function InEDx. EDscriptive and analytical statistical analyzes 
were performed, and the Kruskal-Wallis non-parametric test was used to test whether there are significant differences 
in each quality of life domain when comparing different types of ED. For all tests, p ≤ 0.05 was consiEDred significant.

Results: The prevalence of ED was 76.3%. The median and percentiles 25 and 75 of each life quality domain 
according to the absence of ED; mild ED, mild to moderate, moderate and severe ED and severe ED, respectively, 
were: Functional capacity: 85 (63-100), 75 (50 -95), 60 (32-85), 55 (35-75), 50 (30-70), p < 0.001; Physical aspects: 
87 (0-100), 40 (0-100), 0 (0-100), 0 (0-31), 0 (0-12), p < 0.001; Pain: 72 (51-100), 66 (51-100), 74 (51-100), 62 (51-100),  
51 (31-62), p = 0.001; General state of health: 77 (62-87), 72 (57-77), 67 (55-82), 67 (59-75), 52 (37-68), p < 0.001; 
Vitality: 75 (60-85), 65 (50-75), 65 (55-75), 60 (43-75), 50 (32-65), p < 0.001; Social Aspects: 87 (62-100), 87 (62-100),  
87 (68-100), 75 (62-100), 75 (50-93), p = 0.139; Emotional Aspects: 100 (58-100), 100 (33-100), 100 (33-100), 100 (0-100), 
0 (0-100), p = 0.001; Mental health: 80 (67-89), 72 (60-84), 72 (66-80), 68 (58-80), 56 (50-74), p < 0.001.

Conclusions: The prevalence of erectile dysfunction was high. ED was associated with worsening of QoL in patients 
with CAD. (Int J Cardiovasc Sci. 2017;30(3):219-226)

Keywords: Coronary Artery Disease, Erectile Dysfunction; Life Style, Risk Factors.

Introduction

The associations between erectile dysfunction (ED), 

quality of life (QoL) and some cardiovascular diseases (CVD) 

have been the subject of studies in the last years, and some 

aspects have been specially highlighted.1-3

The prevalence of ED depends on the patient's age group, 

and it’s higher as the patient grows older.4 In patients with 

coronary artery disease (CAD) the prevalence generally 

ranges from 60-70%1. In Brazil, considering the general 

population, this prevalence ranges from 31.9 to 53.9%.5,6

ED and CAD frequently share the same risk factors. 

Hypertension, diabetes mellitus, smoking, dyslipidemia 

and obesity are common to both conditions and their 

impact on endothelial dysfunction has been well 

documented.7 Endothelial dysfunction, characterized 

among other things by the impairment of nitric 

oxiED bioavailability, precedes the development of 

atherosclerotic lesions and has been suggested as an 

important link between ED and DAC.8

ED may be present in supposedly healthy men, 

outpatients and others. Such dysfunction exerts a 
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negative influence on patients’s QoL because it affects, 

among others, physical and psychosocial aspects, and the 

treatment contributes to the improvement of patients's 

quality of life.9-12

Individuals with CAD are also known to have impaired 

QoL.13,14 It is known that in these patients despite the 

control of risk factors for CAD, the quality of life remains 

compromised and this may contribute to a worse 

prognosis.15,16 It is believed that patients with ED and CAD 

can have even greater impairment of quality of life.2,17,18

In spite of studies on the subject we believe that there is 

a need for greater knowledge between the associations of 

QoL and ED in patients with CAD.

Objectives

The primary objective of this study was to assess whether 

ED is associated with worsening life quality in patients with 

coronary artery disease.

The secondary objectives were: to describe the 

prevalence of erectile dysfunction in patients with 

and without CAD, to characterize the clinical and 

socioeconomic profiles of the population.

Methods

A cross-sectional, multicenter, prospective, descriptive, 

and analytical study was conducted from december 2014 

to April 2016 in three tertiary hospitals, which recruited 

304 men (mean age: 57 ± 9.9 years) with stable coronary 

artery disease, with diagnostic based in the clinical 

presentation and in the presence of an ischemic induction 

test considered to be a high risk of cardiovascular events, 

submitted and approved by the ethics committee in 

clinical research. Therefore, the patients in this study had 

an indication of an invasive strategy (cineangiography).

The sample calculation was based on the prevalence of 

dysfunction in the Brazilian population (39.5 - 53.9%)6,19 

and in patients with CAD (49 - 70%).20,21 Based on this, the 

number of patients that should be recruited was between 219 

and 224 participants, with a statistical power of the study of 

0.99 and an alpha error of 0.05.

Inclusion criteria were: male patients 18 years of age 

or older, clinical indication of coronary angiography 

and active sexual life potential, while those for exclusion 

were: previous history of myocardial or lower limb 

revascularization, peripheral artery desease or of the aortic 

artery, treatment for erectile dysfunction or cancer, patients 

with severe blood dyscrasia, psychiatric illness, inability 

to respond to the questionnaires, life expectancy < 1 year, 

or participation in another study.

The clinical and socioeconomic features were collected 

through questionnaires. The quality of life was assessed 

by applying the Medical Outcomes Study 6-Short Form 

Health Survey (SF 36),22 while erectile dysfunction by the 

International Erectile Function InEDx (IIEF-5).23

The SF-36 was calculated by transforming the questions 

into domains, and for each domain there is a different 

calculation that ranges from zero to one hundred, which 

corresponds from the worst to the best state of health.24 

The result is called Raw Scale because the final value does 

not have any units of measure. The calculation of each 

domain is a statistical test, and no other test is required.

The domains evaluated by SF-36 included: Functional 

Capacity, Physical Aspects, Pain, General Health Status, Vitality, 

Social Aspects, Emotional Aspects and Mental Health.25

According to IIEF-5, ED is classified into five validated 

levels of severity, such as: without ED (22 to 25 points), mild 

(17 to 21 points), mild / moderate (12 to 16 points), moderate 

(8 To 11 points) and severe (5 to 7 points).26

Visual evaluations of the coronary angiographies were 

performed and stenosis of 30% or more were considered 

angiography CAD.

Statistical Package for the Social Sciences (SPSS) was used to 

analyze the data, and initially was carried out an exploratory 

data analysis to compare descriptive measures of patient 

characteristics and QoL domains for each type Of ED, in 

order to understand and observe trends in the database.

Next, the trends were tested in terms of significance by 

performing before the normality test. The Shapiro-Wilk 

normality test was applied to verify the normality of the 

data, and it concluded that the values of the QoL were not 

normally distributed (p-value < 0.05).

In this regard, the non-parametric Kruskal-Wallis test was 

used to try out whether there are significant differences in 

each quality of life domain when comparing different types 

of ED in patients (total study population, patients with and 

without angiographic CAD).

To verify the relationship between clinical variables 

and quality of life, using quality of life domains, a factor 

called quality of life was generated by factorial analysis, 

which is the joint representation of all domains. Then, using 

the Multiple Linear Regression Model, each clinical variable 

was tested for the significant relation with the quality of 

life factor, and it was then possible to understand which 



221
Tabosa et al.

Erectile dysfunction and life quality in coronary heart disease patients

Int J Cardiovasc Sci. 2017;30(3):219-226

Original Article

Table 1 – Clinical and sociodemographic characteristics of the study population

Caractheristics Total population (n = 304)

Elementary/high school, n (%) 272 (89.5)

Married/stable union, n (%) 258 (84.8)

SAH, n (%) 246 (80.9)

Catholic Religion, n (%) 222 (73)

DM, n (%) 97 (31.9)

Alcoholism, n (%) 96 (31.6)

Smoking, n (%) 63 (20.7)

Renal insufficiency, n (%) 26 (8.6)

EDpression *, n (%) (7.2)

* Diagnosis established through a clinical record with questioning of personal history of the disease; SAH: systemic arterial hypertension; DM: diabetes mellitus.

variables have a relevant influence on the behavior of the 

quality of life factor in the patients. With this model it was 

possible to verify if the clinical variables and whether the 

ED (IIEF-5) influenced the quality of life of the patients. 

Through the Stepwise method, each variable was tested 

and included if contributed to explain the behavior of 

the dependent variable, otherwise it would be excluded, 

reaching then the final model. For all tests, the 5% level of 

significance was considered.

Spearman correlation was used between the clinical and 

socioemographic variables and the values obtained by the 

IIEF-5 questionnaire, in the groups of patients with and 

without CAD.

When there was a normal distribution, the numerical 

variables were presented as mean and standard deviation 

and when not, as median and percentile 25 and 75.  

The categorical variables were presented as absolute and 

percentage values.

Results

Three hundred and four patients were recruited, with 

average at 57.0 ± 9.9 years. The prevalence of ED was 76.3%, 

with 37.4% of mild ED, 31.3% of mild / moderate ED, 15.2% 

of moderate ED and 16.1% of severe ED.

The prevalence of angiographic CAD was 74%, and in 

those patients with such finding the prevalence of ED was 

77.3%, with 37.1% of mild ED; 31% mild to moderate ED; 

15.1% of moderate ED and 15.9% of severe ED.

Among the clinical and sociodemographic characteristics 

was observed: evangelical religion (21%), atheism (2%), 

income less than 1 minimum wage (MW) (11.8%), income 

from 1 to 3 MW (63.1%) , Income higher than 3 MW (24.9%), 

illiterate (3.3%), higher education (7.2%), single (7.2%) and 

widowed (2.3%). Other clinical and sociodemographic 

characteristics are shown in table 1.

The evaluation of the life quality in 304 patients revealed 

that the Functional Capacity had an average of 70 (41-90), 

Physical Aspects 25 (0-100), Pain 72 (51-100), General Health 

Status 71 (57-82), Vitality 65 (50-80), Social Aspects 81 (62-100), 

Emotional Aspects 100 (33-100) and Mental Health 72 (60-84).

Table 2 shows the comparative analysis of the 8 domains 

of QoL according to the absence or presence of ED and its 

various types.

Table 3 and 4 present comparative analyzes of quality 

of life according to the degree of ED in patients with and 

without angiographic CAD, respectively.

In the correlations between IIEF-5 values and the other 

variables in the groups with CAD and without CAD, it was 

observed that in the group with CAD, the most advanced age 

(r = -0.2242), low levels of schooling (r = 0.230), history of cancer 

(r = 0.165) and EDpression (r = 0.133) were associated with low 

IIEF-5 values. In the group without CAD, the most advanced 

age (r = -0, 227), individuals with lower BMI (r = 0.251), higher 

alcohol consumption (r = 0.259), hypertensive (r = 0.271) 

correlated with the low IIEF-5 values.

In the analysis of characteristics that had an impact on 

QoL, after multivariate regression in patients with CAD, 
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Table 2 – Quality of life according to the absence of erectile dysfunction or presence of its various types

Characteristics Without ED (74) Mild ED (86) Mild/Mod ED (72) moderate ED (35) Severe ED (37) p

Functional Capacity 85 (63-100) 75 (50-95) 60 (32-85) 55 (35-75) 50 (30-70) < 0.001

Physical Aspects 87 (0-100) 40 (0-100) 0 (0-100) 0 (0-31) 0 (0-12) < 0.001

Pain 72 (51-100) 66 (51-100) 74 (51-100) 62 (51-100) 51 (31-62) 0.001

GSH 77 (62-87) 72 (57-77) 67 (55-82) 67 (59-75) 52 (37-68) < 0.001

Vitality 75 (60-85) 65 (50-75) 65 (55-75) 60 (43-75) 50 (32-65) < 0.001

Social Aspects  87 (62-100) 87 (62-100) 87 (68-100) 75 (62-100) 75 (50-93) 0.139

Emotional Aspects 100 (58-100) 100 (33-100) 100 (33-100) 100 (0-100) 0 (0-100) 0.001

Mental Health 80 (67-89) 72 (60-84) 72 (66-80) 68 (58-80) 56 (50-74) < 0.001

Median and 25th and 75th percentiles of domains. ED: erectile dysfunction; Mod: moderate; GSH: general health status. Kruskal-Wallis test.

erectile dysfunction (p < 0.001), younger subjects (p = 0.01), 

depression (p = 0.03) and Systemic Arterial Hypertension  

(p = 0.04) negatively influenced the quality of life, with 

ED being the factor that most influenced this aspect. In the 

population of patients without CAD, no variable reached 

significance to the point of influencing QoL.

In the total study population, the variables age (p = 0.03), 

depression (p = 0.05), and catholic religion (p = 0.05) 

presented significant worsening of QoL. Erectile dysfunction 

did not influence this aspect (p = 0.09).

Discussion

In our study, ED was a predictor of worse quality of 

life in patients with angiographic CAD, but not in those 

without obstructive stenosis in coronary angiography or 

in the total population.

The prevalence of ED was high and, when compared to 

that of the population considered healthy, which according 

to Dos Reis5 was 31.9%, was numerically higher, but similar 

to another study that evaluated patients with CAD.21

Table 3 – Quality of life according to absence of erectile dysfunction or presence of its various types in patients with 
angiographic coronary artery disease (n = 225)

Characteristics Without ED (53) Mild ED (67) Mild/Mod ED (56) moderate ED (21) Severe ED (28) p

Functional Capacity 85 (65-100) 80 (50-95) 65 (40-90) 65 (35-77) 50 (30-65) 0.001

Physical Aspects 100 (0-100) 25 (0-100) 25 (0-100) 0 (0-75) 0 (0-0) < 0.001

Pain 72 (50-100) 71 (51-100) 74 (51-100) 62 (50-100) 51 (31-74) 0.014

GSH 77 (67-88) 72 (60-80) 67 (56-82) 67 (40-72) 55 (57-82) < 0.001

Vitality 80 (60-85) 70(55-80) 65 (60-80) 55 (35-75) 55 (35-70) < 0.001

Social Aspects  87 (62-100)  87 (62-100) 87 (62-100) 87 (56-100) 75 (50-100) 0.168

Emotional Aspects 100 (66-100) 100 (33-100) 100 (33-100) 100 (0-100) 0 (0-100) 0.008

Mental Health 80 (66-92) 76 (64-84) 76 (68-80) 76 (50-84) 60 (52-72) < 0.001

Median and 25 and 75 percentiles of domains. ED: erectile dysfunction; Mod: moderate; GSH: general health status. Kruskal-Wallis test.
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Table 4 – Quality of life according to absence of erectile dysfunction or presence of its various types in patients without 
angiographic coronary artery disease (n = 79)

Characteristics Without ED (21) Mild ED (19) Mild/Mod ED (16) moderate ED (14) Severe ED (9) p

Functional Capacity 95 (52-100) 65 (25-90) 40 (17-72) 50 (32-72) 50 (15-81) < 0.001

Physical Aspects 50 (0-100) 50 (0-100) 0 (0-0) 0 (0-12) 0 (0-100) 0.013

Pain 100 (56-100) 62 (41-100) 74 (54-84) 74 (51-92) 46 (31-61) 0.002

GSH 72 (57-82) 62 (45-72) 69 (55-80) 66 (61-75) 46 (30-60) 0.001

Vitality 70 (55-82) 65 (30-75) 65 (50-70) 60 (55-70) 50 (23-56) 0.001

Social Aspects 75 (56-100)  87 (37-100) 87 (75-100) 75 (62-81) 68 (46-81) 0.448

Emotional Aspects 100 (0-100) 100 (0-100) 100 (41-100) 100 (50-100) 0 (0-100) 0.076

Mental Health 80 (60-88) 64 (52-80) 70 (45-75) 68 (60-74) 54 (40-59) < 0.001

Median and 25 and 75 percentiles of domains.ED: erectile dysfunction; Mod: moderate; GSH: general health status. Kruskal-Wallis test.

Rhoden et al.6 with the IIEF-5 questionnaire, studying 

965 men for outpatient prostate cancer investigation, 

identified a total prevalence of 53.9% of ED with a more 

homogeneous distribution among the categories of the 

disease classification.

Other studies, in healthy populations and using different 

instruments, found prevalences ranging from 15.0 to 

46.2%,19,27,28 being the mildest form also the most prevalent.

In the United States, the Massachusetts Male Aging Study 

(MMAS), the leading study of erectile dysfunction ever 

conducted, found a prevalence of 10% complete dysfunction 

and more than 50% dysfunction of any degree in the general 

population aged 40-70 years.29

The high prevalence of ED found in our study may 

be due to the recruited sample, since they were patients 

admitted to the hospital hemodynamics sector for invasive 

CAD investigation. It is known that patients with coronary 

disease are potentially more likely to develop or already 

have ED and that, depending on the degree of coronary 

involvement, this probability may be even greater. Contrary 

to literature, in our study we had a predominance of milder 

forms of dysfunction.21,30

We emphasize that in patients with CAD the prevalence 

is higher than in the general population, which was also 

described by Kloner and Mullin,31 who identified in this 

group 75% and 67% of patients with difficulty in having or 

maintaining an adequate erection, respectively.

In another study performed in patients undergoing 

cardiac catheterization after acute coronary syndrome 

(ACS), the ED rate was 49%. The mild form occurred 

in 14%, mild to moderate in 21%, moderate in 14% and 

severe in 51%.20 Men with ACS have a theoretically 

lower atherosclerotic burden than patients with chronic 

CAD. In contrast to the acute event, patients with 

chronic conditions usually show a severe and diffuse 

coronary involvement, with symptoms of long-term 

angina. Therefore, a more pronounced impairment of the 

hypogastric / pudendal arteries could also be expected, 

leading to a more severe picture of ED.32

The QoL is a good indicator of the functional status and 

of the well-being of an individual who undergoes medical 

treatment33 and becomes important in evaluating the efficacy 

of this treatment and of the patient's health conditions.34

Studies have evaluated the quality of life in patients with 

CAD and found, in general, a negative influence on their 

general health status.18,35

In the study by Boini et al.13 the impact of the onset of 

CAD was compared with controls without CAD. On average 

2 and a half years after diagnosis, the authors concluded 

that most of the physical and mental domains were affected, 

which did not happen in the control group.

A similar result was found in a study analyzing the effect 

of age, sex, race and ethnicity on the quality of life of patients 

with CAD, with worse results in younger, female, black 

and hispanic individuals.36 In another study, patients with 

diagnosis of heart failure (HF) after AMI were evaluated, and 

those with a lower income, female and with a greater number 

of symptoms, were generally moderately lower in QoL.37
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In patients submitted to coronary angiography there 

seems to be a correlation between the Gensini score,38 the 

individual's emotional state and quality of life. In patients 

with more severe and extensive CAD there is more anxiety, 

depression and worse physical domains than in those 

without CAD.39

Our study revealed that the severe form of ED was the one 

that had the worst QoL results, but since most of the sample 

exhibited total ignorance about ED and had never been 

informed by the attending physician, they probably did not 

admit their disease. We believe this may have contributed to 

the lack of an early identification of the dysfunction.

In the patients with CAD it was observed that, except 

for the Social Aspects domain, all the others presented 

significant difference. Severe dysfunction was the one 

that presented the worst results in comparison to the 

other degrees of ED and in relation to those without ED. 

moderate dysfunction presented significant results only in 

the components Functional Capacity, Physical Aspects and 

Vitality in relation to participants without ED. These more 

severe forms of ED therefore interfered in both, physical 

and mental components of QoL. The milder forms did not 

show the same association.

ED and its more severe degrees can also have an influence 

on people's quality of life. A study that evaluated 2476 men 

with no apparent comorbidities, related the different degrees 

of ED (diagnosed by IIEF) with the domains of QoL (SF-36) 

and observed a descendent and significant correlation 

between these values, with predominance for the physical 

dimension components related to the mental ones and the 

Vitality and General Health Status domains presenting the 

most expressive results.10

Therefore, ED has a negative impact on quality of life, and 

the most severe forms seem to be associated with greater 

negative impact intensity. Our study demonstrated the 

negative impact of ED on the quality of life of patients with 

coronary artery disease.

The limitations of the study were: having no ability to 

determine cause-effect, no evaluation of medications in 

use (although more modern beta blockers have not been 

associated with ED), the recruitment site occurred in a stressful 

environment which may have generated psychological stress 

and influenced the response of the patients.

Conclusions

In this study, the presence of ED was associated with 

worsening QoL in patients with CAD. It was also observed 

that in the subgroups of patients with and without 

angiographic CAD, ED was also associated with worsening 

of QoL and the more severe the dysfunction worse the QoL.

The prevalence of ED was high and the clinical, social 

and economical profiles revealed that this low-income 

and low-educated population, is at a high risk for 

cardiovascular diseases.
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Introduction

Cardiovascular diseases (CVD) are the leading cause 
of overall mortality in women, accounting for 34% of 
total deaths in 2011. In Brazil, it is the primary cause of 
death in women over 60, accounting for 39% of deaths 
in this age group in 2011.1

The incidence of CVD significantly increases in 
women after menopause. Hormonal changes that occur 

Abstract

Background: The endothelium plays an important vascular regulatory function. Its dysfunction is an early marker 
of cardiovascular risk. However, there are few studies in our community that assess endothelial function in 
pre‑menopausal women.

Objective: To assess endothelial function in pre‑menopausal women in the presence or absence of coronary artery 
disease, using a biophysical method (carotid intima media thickness) and a biochemical method (serum levels of hsCRP).

Methods: Cross‑sectional study that evaluated carotid intima‑media thickness and serum levels of hsCRP of 31 pre‑
menopausal women undergoing coronary angiography at the Hemodynamics Service of Hospital Universitário da 
Universidade Federal do Maranhão from March 2012 to July 2013. The data were sent to statistical analysis and a 
statistical significance level of 5% was considered.

Results: The sample was divided into two groups according to the presence of coronary artery disease (CAD): CAD 
group (n = 13) and group without CAD (n = 18). The average ages for the groups were 57.92 ± 5.17 and 51.72 ± 4.63 years, 
respectively (p = 0.001). CIMT was abnormal in 29.03% in the general population. Carotid intima‑media thickness was 
1.55 ± 0.78 mm in the general group, 1.92 ± 0.94 mm in the CAD group and 1.18 ± 0.71 mm in the group without CAD 
(p = 0.001). CAD patients had predominance of abnormal CMIT compared those without CAD: 36.46% vs. 22.22%, 
respectively. There was a sensitivity of 38%, specificity of 77% with a positive predictive value of 0.55 and a negative 
predictive value of 0.63 with likelihood ratio of 1.73. Patients with abnormal CIMT presented higher levels of hsCRP, but 
without statistical significance. CAD patients had higher levels of hsCRP, but without statistical significance.

Conclusion: In the population studied, assessment of endothelial function using the CIMT method showed higher 
sensitivity and specificity for the diagnosis of CAD compared to the measurement of hsCRP levels in menopausal 
women. (Int J Cardiovasc Sci. 2017;30(3):227‑234)

Keywords: Coronary Artery Disease; Endothelium/dysfunction; Women; Premenopause; Atherosclerosis; 
Cineangiography.

during this period and the vascular and blood effects 

associated are recognized as participants in the onset 

and progression of CVD and therefore relate to this 

increased risk of illness.2

The endothelium is the main regulator of vascular 

homeostasis, as it does not only perform its barrier 

function, but also plays a crucial role in the paracrine 

control of vascular smooth muscle and in the response 
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to current stimuli, coagulation, leukocyte adhesion and 
vascular proliferation.3,4 It is one of the main regulators 
of vascular biology. Its dysfunction plays a central role 
in the pathophysiology of atherosclerosis development.5,6

Endothelial dysfunction is the endothelial inability 
to appropriately react to stimuli, especially with respect 
to its function on the vascular tone. Such dysfunction 
is one of the earlier markers for the risk of developing 
CVD,7,8 possibly contributing to increased cardiovascular 
morbidity in the menopausal period.

The study of endothelial function is done mainly 
through non‑invasive biophysical and biochemical 
methods. Among the biophysical methods, ultrasound 
measurement of the carotid intima‑media thickness 
(CIMT) is a strong predictor of future cardiovascular 
events,9,10 serving to monitor the progress or regress 
of atherosclerotic lesions,11 and is useful in identifying 
subclinical vascular diseases,12 being an excellent factor 
in the assessment of cardiovascular risk.

Among the biochemical markers, platelet activation 
markers and inflammation, especially ultrasensitive 
C‑reactive protein (hsCRP), also prove useful in the 
assessment of endothelial function.13 HsCRP is an acute 
phase protein synthesized by the liver in a systemic 
response to an inflammatory condition. Some studies 
have shown that this is a useful marker to evaluate the 
presence of vascular inflammatory processes, being 
related to the development of vascular adverse events 
and CVD.14,15

This study aimed to evaluate endothelial function 
in pre‑menopausal women in the presence or absence 
of coronary artery disease, using CIMT measurements 
and hsCRP levels.

Methods

Cross‑sectional analytical study that evaluated 
31 pre‑menopausal women aged between 40 and 65, 
who underwent coronary angiography at Hospital 
Universitário da Universidade Federal do Maranhão 
(HUUFMA) between March 2012 and July 2013, and 
agreed to participate in the study after signing the 
Informed Consent Form.

During the study period, 2046 coronary angiography 
procedures were performed, of which 815 were in 
women. Of these, 447 were in the menopausal period, and 
368 did not meet the inclusion criteria. Of the 79 women 
able to participate in the study, 48 have abandoned 
the research protocol for several reasons, and were not 

considered in the sample, which was set at 31 participants 
who completed all the assessments.

The study did not include pregnant patients on statins, 
those undergoing coronary angioplasty or with coronary 
stents, or those with history of acute myocardial infarction. 
Based on the results of coronary angiography, patients 
with coronary artery disease (CAD) were identified.  
The sample was then divided into two groups: group I, 
with CAD (n = 13); group II, without CAD (n = 18).

For sociodemographic characteristics, we collected 
their age, self‑reported skin color, education and 
household income. All data collected from patients were 
recorded on standardized protocol forms for this study. 

To measure the carotid intima‑media thickness (CIMT), 
we used the method first described by Pignoli et al.16 With 
the patient in the supine position, the neck was exposed, 
inclined and turned to the opposite side to improve 
visualization of the vessels. Placing the transducer, the 
carotid wall is then viewed, and the thickness measured 
by the distance between two well‑defined echogenic lines 
separated by a discrete anechoic strip.16 Any values greater 
than 0.9 mm17 were considered abnormal.

CIMT measurements were taken by an experienced 
sonographer, blind to the results of coronary angiographies, 
who used a two‑dimensional ultrasound device with 
pulsed Doppler, color flow mapping and a linear 
transducer operating at 7.5 MHz (Philips Ultrasound®, 
HD7, software revision 2.0.1, Bothell ‑ USA).

HsCRP measurements were taken at the HU‑UFMA 
laboratory, and the samples were collected after the 
patients went through a 12‑hour fasting.

The cutoff values for hsCRP normality were low 
cardiovascular risk (< 1 mg/L), moderate risk (1 to 
3 mg/L) and high risk (> 3 mg/L).18

Statistical analysis

Statistical analyses were performed using the Data 
Analysis and Statistical Software (STATA®) version 
12.0 (Stata Corp., College Station, United States). 
Categorical variables were described by frequencies and 
percentages and the numeric variables, by mean ± standard 
deviation. To investigate the association of categorical 
data, Fisher’s exact test and the chi‑square test were 
used. Normality was verified by the Shapiro‑Wilk test. 
Mann‑Whitney test or unpaired t‑test for independent 
samples was used to identify statistically significant 
differences between groups. All analyses considered a 
statistical significance level of 5% (p < 0,05).
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This manuscript is part of a set of projects from 
a larger cross‑sectional study called “Disfunção 
Endotelial e Avaliação do Risco Cardiovascular em 
Mulheres Climatéricas” [Endothelial Dysfunction and 
Cardiovascular Risk Assessment in Pre‑Menopausal 
Women,” approved by the institution’s ethics committee 
under opinion no. 182/11, following Resolution 196/96 
and other complementary resolutions issued by the 
Brazilian National Council of Health (CNS/MS).

Results

In this study, 31 pre‑menopausal women met the 
inclusion criteria and participated in all of its stages. 
The average age of the entire group was 54.32 ± 5.70. 
The mean age of the groups with and without CHD 
was 57.92 ± 5.17 and 51.72 ± 4.63, respectively, statistical 
significance (p = 0.001).

There was a predominance of brown women (70.97%), 
with monthly household income lower than two 
minimum wages (58.06%) and education of more than 
8 years (51.61%) (Table 1).

CIMT was abnormal in 29.03% in the general population. 
The intima‑media thickness was 1.55 ± 0.78 mm in the 
general group, 1.92 ± 0.94 mm in the CAD group and 
1.18 ± 0.71 mm in the group without CAD (p = 0.001) 
(Table 2). CAD patients had predominance of abnormal 
CMIT compared to those without CAD: 36.46% vs. 22.22%, 
respectively (Table 1).

Patients with abnormal EMI had higher levels of 
hsCRP, but with no statistical significance (Table 3).

CAD patients had higher levels of hsCRP, but with no 
statistical significance (Table 3).

Discussion

Atherosclerotic disease is the leading cause of 
morbidity and mortality in Western communities.19  
Its incidence in women is increasing along with 
changes in lifestyle.20

Another peculiarity related to CAD affecting women 
is that the onset of the disease is typically late, especially 
after menopause. This characteristic requires reliable 
diagnostic tools that may indicate early dysfunction and 
risk factors for cardiovascular disease.

A study conducted in Europe in 2008 by Allender et 
al.21 showed that coronary disease was responsible for 23% 
of deaths in women. Several studies have demonstrated 

the increased incidence of CAD with increasing age 
and menopause. Tremollieres et al. (1999) found a 36% 
prevalence of CAD in most women after menopause.22

Endothelium dysfunction is extremely important 
in the pathophysiology of atherosclerosis.23 The main 
methods currently available for assessing endothelial 
function consist in measuring endothelial response to 
physical or pharmacological stimuli.

Platelet activation markers and inflammation, 
especially ultrasensitive C‑reactive protein (hsCRP), also 
proved useful in the evaluation of endothelial health.24

CIMT has been considered a useful, low‑cost technique 
for early detection of atherosclerosis and as a predictor 
of risk of cardiovascular events.25

Kablak‑Ziembicka et al.,26 in a study involving 
558 patients of both genders, including 120 women, 
with a mean age of 58.8 ± 9.2, showed that there is an 
association of greater CIMT abnormality in patients with 
angiographically confirmed CAD than in patients who 
had normal coronary arteries.

Several studies have suggested a correlation between the 
levels of hsCRP and CMIT.28‑31 Trinidad et al.,27 in a study 
conducted at Universidade Estadual do Rio de Janeiro 
with 116 hypertensive women aged 40 to 65, showed 
hsCRP correlated to CIMT. Similarly, the findings of a 
work developed by Blackburn et al. with 1,051 individuals 
with dyslipidemia showed correlation between hsCRP and 
CIMT.28 The studies of Wang et al.29 and Sitzer et al.30 also 
showed correlations between these variables.

Kawamoto et al.,31 in a study of 440 patients of both 
genders, including 201 women aged 75±10, found that 
hsCRP levels were associated with increased CIMT.

Parildar et al.,32 found a positive and significant 
correlation between CIMT and hsCRP in a study 
involving 110 pre‑diabetic patients and 76 healthy 
patients with mean age of 51.1 ± 9.9, with a percentage 
of female patients of 68.1%.

Besides this, Amer et al.,33 in a case‑control study 
involving elderly hypertensive patients, found that CIMT 
had a positive and significant correlation with hsCRP levels.

On the other hand, the association between CIMT 
and hsCRP levels were not significant in some studies. 
Folsom et al.,34 examined the association of hsCRP with 
atherosclerotic disease markers in a study conducted at 
the University of Minnesota in 2001, involving 875 men 
and 948 women, and found no significant correlation 
between these variables.
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Table 1 – Sociodemographic and health characteristics of pre-menopausal women – HUUFMA. São Luís – MA, 2013

Variables

General

CAD

P-valuePresent Absent

N % n % N %

Education

≤ 8 years 15 48.39  6 46.15  9 50.00 0.833B

> 8 years 16 51.61 7 53.85  9 50.00

Skin color 0.443A

White 6 19.35 3 23.08 3 16.67

Black 3 9.68 0 ‑ 3 9.68

Brown skin 22 70.97 10 76.92 12 66.67

Household income 0.157A

< 1 minimum wage 6 19.35 4 30.77 2 11.11

Between 1 and 2 minimum wages 12 38.71 6 46.15 6 33.33

> 2 minimum wages 13 41.94 3 23.08 10 55.56

Hypertension 0.880A

Absent 10 32.26 4 30.77 6 33.33

Present 21 67.74 9 69.23 12 66.67

Diabetes mellitus 0.151A

Absent 27 87.10 10 76.92 17 94.44

Present 4 12.90 3 23.08 1 5.56

High cholesterol 0.155A

Absent 22 70.97 11 84.63 11 61.11

Present 9 29.03 2 15.38 7 38.89

CVD 0.955A

Absent 24 77.42 10 76.92 14 77.78

Present 7 22.58 3 23.08 4 22.22

Alcoholism 0.621A

Absent 27 87.10 12 92.31 15 83.33

Present 4 12.90 1 7.69 3 16.67

Current smoking 0.232A

No 30 96.77 12 92.31 18 100

Yes 1 3.23 1 7.69 0 0

To be continued
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Continuation

Former smoker 0.331A

No 22 75.86 8 66.67 14 82.35

Yes 7 24.14 4 33.33 3 17.65

Physical activity 0.641A

Absent 20 64.52 9 69.23 11 61.11

Present 11 35.48 4 30.77 7 38.89

Menopause 0.260A

Absent 8 25.81 2 15.38 6 33.33

Present 23 74.19 11 84.62 12 66.67

Hormone replacement 0.268A

No 26 89.66 11 100 15 83.33

Yes 3 10.34 ‑ ‑ 3 16.67

CIMT 0.433A

Normal 22 70.97 8 61.54 14 77.78

Abnormal 9 29.03 5 36.46 4 22.22

Age (mean±standard deviation) 54.32 ± 5.70 57.92 ± 5.17 51.72 ± 4.63 0.001#

SBP (median; Q3‑Q1) 135 (170 – 120) 135 (180 – 125) 135 (160 – 120) 0.400*

DBP (mean ± standard deviation) 84.74 ± 11.27 84.23 ± 11.87 85.11 ± 11.15 0.834#

# t-test; * Mann-Whitney test; A Fisher exact test; B Qui-square test; Q3-Q1 - quartile 3 and quartile 1.

Table 2 – Association of CIMT with CAD in pre-menopausal women – HUUFMA. São Luís – MA, 2013

Characteristic

General

CAD

P-valuePresent Absent

Mean ± SD Mean ± SD Mean ± SD

CIMT 1.55 ± 0.78 1.92 ± 0.94 1.8 ± 0.71 0.001#

HUUFMA: Hospital Universitário da Universidade Federal do Maranhão; CIMT: carotid intima-media thickness; CAD: coronary artery disease; # t-test.

Similarly, the results of the study by Hak et al.35 
conducted in 186 healthy middle‑aged women selected 
from the general population, indicated that hsCRP is not 
significantly associated with CIMT.

Jie Cao J. et al,36 conducted a cohort of 5417 participants 
to evaluate the correlation between hsCRP and CIMT in 
elderly patients with high risk of stroke. They concluded 

that high levels of hsCRP represent an independent risk 
factor for stroke, not correlating with the severity of 
atherosclerotic plaque as measured by CIMT.

The literature considers the association between 
higher levels of hsCRP with risk of cardiovascular 
events in the general population to be well‑established. 
In a meta‑analysis of 160,309 patients published in 2009 
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Table 3 – Association of HsCRP with CIMT and CAD in pre-menopausal women – HUUFMA. São Luís – MA, 2013

Variables

HsCRP

mg/L p-value

CIMT 0.1282#

Normal 3.22 ± 3.76

Abnormal 4.66 ± 4.35

CAD 0.836#

Absent 3.80 ± 3.10

Present 4.00 ± 4.40

HUUFMA: Hospital Universitário da Universidade Federal do Maranhão; HsCRP: ultrasensitive C-reactive protein; CIMT: carotid intima-media 
thickness; CAD: coronary artery disease; # t-test.

by the Emerging Risk Factors Collaboration group, 
hsCRP levels were linearly associated with the presence 
of several cardiovascular risk factors and inflammatory 
markers and were strongly associated with the risk of 
ischemic vascular diseases.14

In this study, although serum levels of hsCRP are 
higher among women with CAD, no relationship 
was found between these variables. It should be 
considered that, in both groups, the patients already had 
cardiovascular risk factors, which may have led to the 
convergence of hsCRP values.

Several studies have shown baseline levels of 
hsCRP as independent predictors for coronary artery 
disease.15,38 A prospective case‑control study conducted 
by Boekholdt et al.37 with 25,663 men and women aged 
between 45 and 79, who were part of the EPIC‑Norfolk 
study, found that hsCRP levels were among the main 
predictors of coronary artery disease and mortality.

A prospective case‑control study conducted by 
Ridker et al.39 evaluated, for three years, the levels of 
inflammatory markers of 28,263 apparently healthy women 
in post‑menopause. The study also found cardiovascular 
events during the study period. HsCRP levels proved to 
be the most important independent predictors of risk of 
cardiovascular events in this group.15

The disagreements between the medical literature 
available and some of our results can be explained by 
the sample of limited size, resulting from losses during 
the study, and the fact that our sample is composed 

solely of patients with clinical indication for coronary 
angiography, having different characteristics compared 
to the general population of pre‑menopausal women.

Clinical implications

This study fills a gap of few national studies assessing 
endothelial function in pre‑menopausal patients.

Study limitations

The main limination of this study was a non‑probabilistic 
sample limited to a relatively small number of individuals, 
making studies with larger sample sizes necessary.

Conclusion

In the population studied, assessment of endothelial 
function using the CIMT method showed higher 
sensitivity and specificity for the diagnosis of CAD 
compared to the measurement of hsCRP levels in 
pre‑menopausal women.
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Introduction

The eggplant (Solanum melongena, L.) is a fruit 

consumed worldwide and commonly grown in 

subtropical and tropical regions. It originated in India 

and was introduced in Brazil by the Portuguese in 

the 16th century.1 It is currently grown by small-scale 

producers in practically all the Brazilian territory; 

however, eggplant production suffers heavy losses 

during the harvest period due to oversupply.2

Abstract

Background: The eggplant (Solanum melongena) is a fruit of world consumption. Its processing in the form of flour 
is a way to avoid losses and to take advantage of its nutritional characteristics.

Objective: This study assessed the physicochemical composition (moisture, proteins, lipids, crude fiber, 
carbohydrates, minerals, niacin, saponins, titratable acidity, dietary fiber, and total phenols) of eggplant flour 
prepared from the whole fruit dehydrated in an oven.

Methods: In vitro antioxidant activity was assessed using the following methods: 2.2-diphenyl-1-picrylhydrazyl radical 
(DPPH); Ferric Reducing/Antioxidant Power (FRAP); and analysis of polyphenols using HPLC (chlorogenic acid, 
caffeic acid, ferulic acid, and rutin).

Results: It was possible to observe: 23.09% carbohydrates; 13.34% proteins; 1.85% lipids; 39.19% total fibers;  
1,540 mg/100 g total soluble phenolic compounds; 840 mg/100 g saponins; minerals (potassium, magnesium, copper, 
iron, zinc, manganese); and niacin. In vitro antioxidant activity was observed through DPPH (455.6 mg ascorbic 
acid/100 g) and FRAP (486.8 mg ascorbic acid/100 g). The HPLC method determined the presence of ascorbic acid, 
tyrosine, and phenolic acids (chlorogenic acid, caffeic acid, and ferulic acid).

Conclusion: The eggplant flour had great fiber content in addition to good content of phenolic compounds and saponins 
with important antioxidant capacity observed through in vitro assays. As a result, eggplant flour is a good addition to 
the diet of the population, since it can bring potential health benefits. (Int J Cardiovasc Sci. 2017;30(3):235-242)

Keywords: Solanum Melongena; Antioxidants; Diet, and Nutrition; Phenolic Compounds; Hyperlipidemias.

The eggplant is a good source of minerals and vitamins.  

In addition to being rich in fiber and having low lipid content, 

it contains a variety of phytochemicals, such as polyphenols, 

which provide important health benefits.3 One way to avoid 

losses and capitalize on the nutritional characteristics of 

eggplant is processing it into flour. Eggplant flour (EF) is a 

highly desirable food ingredient to enrich the diet; however, 

there are few data on its chemical composition.4

Studies have shown that phenolic compounds of 

eggplant have the potential to reduce intestinal glucose 
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absorption and provide cellular antioxidant protection, 
preventing oxidation and diabetes complications,5 
especially those phenolic compounds present in 
eggplant peel.6 In addition, the eggplant peel is rich 
in anthocyanins and has therapeutic potential for the 
treatment of hyperlipidemia and prevention of atherogenic 
cardiovascular diseases by inhibiting lipid peroxidation.7 
Gonçalves et al.8 conducted a literature review comprising 
25 articles on the species S. melongena and concluded 
that this species has a mitigation effect on dyslipidemia, 
particularly hypercholesterolemia, when used in the form 
of juice made from the fruit with peel.

Cooking methods tend to reduce the content of 
polyphenols in fruits and vegetables, for example 
by simply removing their peel, since the higher 
concentrations of these substances are often present 
in the external parts.9 Even though several studies 
have addressed the eggplant in its different forms 
(in natura, juices, teas, extracts), studies that present 
a broad analysis of EF produced from the whole fruit 
dehydrated in an oven are scarce. The authors consider 
that this process is more accessible to the general public 
than the freeze-drying process.

The goal of the present study was to assess the 
physicochemical composition of EF prepared from 
the whole fruit dehydrated in an oven, characterizing 
qualitatively and quantitatively phenolic compounds, 
niacin, and saponins, in addition to assessing in vitro 
antioxidant activity using 2.2-diphenyl-1-picrylhydrazyl 
radical (DPPH) and Ferric Reducing/Antioxidant Power 
(FRAP) assays.

Material and Method

Standards and reagents

High-Performance Liquid Chromatography (HPLC) 
reagents and standard chlorogenic acid 3878, caffeic 
acid 0625, ferulic acid 12.870, and rutin 5143 were 
purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). The samples were analyzed using a Varian 
HPLC system, with a tertiary gradient pump, variable-
wavelength UV/VIS absorbance detector, and an 
automatic sampler with a refrigerated compartment 
(Varian Canada Inc., Mississauga, ON, Canada).  
The Folin-Denis reagent (Fluka) was purchased from 
Sigma-Aldrich Brazil LTDA.

Preparation of samples

The samples of EF used for analysis were purchased 
in stores of Rio de Janeiro, Brazil. According to the 
manufacturer, the eggplants produced in the State of 
Rio de Janeiro had originally been sanitized, sliced, and 
dehydrated in an oven at a temperature between 62°C 
and 70°C for approximately ten hours. Subsequently, 
they were placed in containers, sealed until complete 
cooling and the next day they were ground and packaged 
immediately. The final result was a dark beige thick 
powder. Samples from different lots were homogenized 
and the analyses were performed in triplicate.

Physicochemical Analysis

Moisture content was determined by weight 
loss in an oven set at 105°C until constant weight.10  
The determination of fixed mineral residue (FMR) 
was based on the burning of organic matter in a 
muffle furnace at 550ºC until the ashes were white or 
slightly grey. The ashes allowed the analysis of specific 
minerals since they were composed of macro-and 
micronutrients-and trace elements.10

Proteins were determined through Kjeldahl digestion 
process, by which organic matter was decomposed by 
sulfuric acid and nitrogen was transformed into ammonia.10

Lipids were determined through continuous diethyl 
ether extraction in a Soxhlet apparatus, followed by the 
removal of the ether through evaporation.10

The analysis of crude fiber content was conducted in 
an industrial digester (Marconi MA-444/CI) subjecting 
the samples to acid digestion with 1.25% sulfuric acid 
solution, followed by alkaline digestion with 1.25% 
sodium hydroxide.10

Total carbohydrates were estimated by difference, 
subtracting the values obtained for moisture, proteins, 
lipids, ashes, and fibers from 100.

Total titratable acidity (TTA) was determined by 
titration with 0.1 N NaOH, using alcoholic solution of 
phenolphthalein to determine color change.10

 Total dietary fiber was determined using the method 
proposed by Prosky et al.,11 in addition to soluble and 
insoluble dietary fiber.12,13

The determination of minerals (K, Ca, Na, Mg, 
Cu, Fe, Mn, and Zn) was performed through atomic 
absorption spectrophotometry, using an Analytik Jena 
spectrophotometer (Model ContrAA® 700).
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Niacin concentrations were determined using the 
method proposed by Horwitz et al.14

Total phenols were determined using Folin-Ciocalteu 
reagent.15

Saponins content was determined using the double-
solvent extraction gravimetric method described  
by Harborne.16,17

In vitro antioxidant activity

Sample extraction18

The EF was weighted (500 mg) and placed in 15-mL 
plastic tubes to which 10 mL of 80% methanol were 
added. The mixture was vigorously shaken using 
a vortex mixer for two minutes. The samples were 
then centrifuged at 5000 rpm for 15 minutes and the 
supernatant was filtered using Whatman filter paper 
(0.45 µm). The waste was re-extracted two more times 
with additional 10 mL of 80% methanol. The three 
extracts were combined to carry out the DPPH and 
FRAP assays and the analysis of phenolic acids through 
HPLC assay.

Scavenging method of DPPH free radical19 

Ferric reducing/antioxidant power20

Analysis of phenolic acids and flavonoids 
through HPLC

The samples were analyzed using a Gemini-NX reverse-
phase (RP)-HPLC column (100 x 4.5 mm) (Phenomenex, 
CA, USA), using 1 mL/min solvent flow rate, and 
detection was at 215 nm. Gradient elution was carried out 
with a mixture of the following solvents: Solvent A: 0.05% 
trifluoroacetic acid (TFA) in 10% aqueous acetonitrile 
(ACN); and solvent B: 0.05% TFA in 60% aqueous ACN 
(v/v), starting with 100% solvent A and reaching 40% 
solvent A and 60% solvent B in 30 minutes.

Phenolic acids and flavonoids were identified through 
comparisons with the retention time (RT) and UV 
spectra of authentic standards analyzed under identical 
analytical conditions. Ascorbic acid, tyrosine, chlorogenic 
acid, caffeic acid, ferulic acid, and rutin were analyzed. 
The same standards were used for calibration curves 
to quantify these substances in the EF. The results are 
presented as mean and standard deviation.

Statistical analysis

Data are expressed as mean ± standard deviation 
for continuous variables. The linear regression analysis 
was performed to estimate ascorbic acid, tyrosine and 
phenolic acids in EF, after analysis of assumptions for 
the use of the regression analysis. The statistical analysis 
was performed using the Statistical Package for Social 
Sciences, version 21 (SPSS Inc., Chicago, IL, USA).

Results

The results of the centesimal composition are shown 
in Table 1 and the results of minerals, niacin, soluble 
phenolic compounds, and saponins are shown in Table 2.

In vitro antioxidant activity

Activity of DPPH free radical elimination

The increase in DPPH radical scavenging in a 
dose-dependent manner due to the elimination of 
the methanolic extract of EF is 455.6 ± 3.27 ascorbic 
acid equivalent (mg). The results of the determination 
of antioxidant activity performed using the FRAP 
486.8 ± 86.8 ascorbic acid equivalent (mg).

The following compounds were detected through 
HPLC assay: ascorbic acid (RT = 1.06 min); tyrosine 
(RT = 1.68 min); chlorogenic acid (RT = 7.36 min); caffeic 
acid (RT = 8.57 min); and ferulic acid (RT = 9.24 min) 
(Figure 1). Calibration information and estimation of 
phenolic compounds and antioxidants present in EF 
are shown in Table 3.

Discussion

The Brazilian Government Health Authority 
has shown a growing interest in the development 
and promotion of strategies for the prevention of 
cardiovascular diseases, mainly for a better control 
of the known risk factors, such as smoking, obesity, 
sedentary lifestyle, hyperglycemia, hypertension, and 
hypercholesterolemia.21 Thus, the search for healthy and 
low-cost alternatives that can contribute to the health 
of the population becomes imperative.

A study conducted by Perez and Germani4 showed 
that EF had high fiber content (44%). A similar result 
was obtained by Possetti and Dutra (2011),22 who found 
45% fibers. In addition to low content of lipids (1.99%), 
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Table 1 – Centesimal composition of eggplant flour

Centesimal composition (g) Mean ± standard deviation

Kcal 162.37 ± 11.65

Total carbohydrates1 23.09 ± 0.50

Proteins 13.34 ± 0.50

Lipids 1.85 ± 0.03

Total dietary fiber 39.19 ± 0.08

Soluble dietary fiber 10.36 ± 0.17

Insoluble dietary fiber 28.83 ± 0.10

Ashes 4.70 ± 0.04

Moisture 11.89 ± 0.34

1 Calculated by difference.

Table 2 – Minerals, niacin, phenolic compounds, and saponins present in eggplant flour

mg/100 g Mean ± standard deviation

Potassium 2396.0 ± 83.8

Magnesium 158.1 ± 1.1

Sodium 68.1 ± 1.4

Copper 1.0 ± 0.03

Iron 2.9 ± 0.06

Manganese 2.5 ± 0.03

Calcium 130.9 ± 2.2

Zinc 2.1 ± 0.01

Niacin 1.49 ± 0.08

Total soluble phenolic compounds¹ 1540.0 ± 0.1

Saponins 840 ± 0.89

1 Results are expressed in terms of gallic acid equivalent (mg).

there were 6.2% ashes, 25.54% carbohydrates, and 8% 
proteins. Even though fibers do not supply nutrients to 
the body, they are essential in the diet. They promote a 
number of health benefits in view of which the use of EF 
is considered a potential food ingredient.

In the present study we found 39.2% total fibers, 
1.85% lipids, 4.7% ashes, 23.1% carbohydrates, and 
13.34% proteins, in addition to a good mineral content, 

highlighting manganese, zinc, and copper. It is observed 

that, although there are small variations between the 

different studies, the EF features around 40% fibers and 

low lipid content. When compared with wheat flour, it 

was observed that EF featured higher levels of protein, 

ashes, total dietary fiber, and total sugars, whereas 

carbohydrate content was lower. In this way, the high 

dietary fiber content, the high water absorption capacity, 
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Figure 1 – Phenolic compounds and antioxidants extracted from the eggplant flour: a ascorbic acid; b tyrosine; c chlorogenic acid; d caffeic acid; and e ferulic acid.
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Table 3 – Calibration information and estimation of ascorbic acid, tyrosine, and phenolic acids in eggplant flour

Polyphenols Linear range (µg/mL) Calibration curves r² Mean ± standard deviation (mg/g)

Ascorbic acid 10-100 y = 2668.4 x – 35546 0.9921 1.73 ± 0.20

Tyrosine 2-100 y = 1069.4 x – 1243.6 0.9972 1.21 ± 0.06

Chlorogenic acid 2-100 y = 6236.2 x + 12574 0.9979 1.73 ± 0.69

Caffeic acid 2-100 y = 10415 x – 25130 0.9985 0.19 ± 0.02

Ferulic acid 2-100 y = 6667.9 x + 21757 0.9969 0.04 ± 0.02

Rutin 2-100 y = 1659.1 x + 4048.9 0.9964 1.73 ± 0.20
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and the ease of grinding make EF a good alternative to 
be mixed with wheat flour. This mixed flour can be used 
in the preparation of bakery products (cookies, breads, 
cakes, and pasta), expanding the number of products to 
supplement the daily fiber intake.4

An analysis performed with the eggplant pulp showed 
a concentration of 62.5 mg gallic acid equivalent/100 g 
in the fresh pulp.23 This value is lower than that found in 
the present study with EF prepared from the whole fruit, 
which was 1,540 mg gallic acid equivalent/100 g in the 
flour. This is an expected result, since eggplant skin is rich 
in polyphenols and 100 g EF represent 1,000 g of the fruit. 
Another study showed greater presence of total phenols 
in extracts prepared from the eggplant peel (2,200 µg/g) 
than in extracts made from the pulp (390 µg/g).24 

The results of a study assessing the centesimal 
composition of 20% eggplant extract showed that 
nutrient concentrations found in the present study were 
much larger than those found by those authors: 0.118% 
proteins; 0.052% ashes; 0.0366% lipids; 0.038% insoluble 
fibers; 0.025% soluble fibers; and 256.66 mg/dL total 
polyphenols. Even though the amount of polyphenols 
was significant, they were not able to protect mice 
against the oxidation of LDL-cholesterol, probably 
due to the presence of biogenic amines, especially 
histamine. These results do not support the popular use 
of S. melongena extract as hypocholesterolemic agent.  
On the other hand, Guimarães et al.25 assessed S. 
melongena powder and found 15.09% protein, 1.42% 
lipids, 13.89% fibers, 0.22% calcium, and 0.31% 
phosphorus, and qualitative tests assessing composition 
showed positive results for the presence of polyphenols 
and saponins. These results are similar to those found 
in the present study regarding proteins and lipids 
(13.34 and 1.85%, respectively); however, far below 
with respect to fiber (39.19%, i.e., fiber concentration in 
EF was 2.8 times greater) and calcium concentrations.

A study on extracts prepared from the pulp and the 
peel of eggplant showed a greater presence of soluble 
phenolic compounds in the peel than in the pulp, and 
the ability to inhibit DPPH radical was greater in all 
the extracts prepared from the pulp of eggplant than in 
those prepared from the peel. These results suggest that 
greater phenolic content allows moderate antioxidant 
activity linked to free radical scavenging potential.5  
The present study showed similarity between the results 
of DPPH and FRAP, thus revealing the antioxidant 
capacity of EF, possibly due to the important presence 
of phenolic compounds.

A comparison performed between raw, grilled for 
4 to 5 minutes on both sides, and boiled in water for 
10 minutes over moderate heat 100 ºC and freeze dried 
after the process, showed the following concentrations 
of total polyphenols/100 g dry matter: raw = 910 mg; 
grilled = 1,803 mg; and cooked = 1,991 mg. The chlorogenic 
acid concentrations were as follows: 154 mg; 549 mg; and 
439 mg, respectively. The concentrations of caffeic acid 
were: 12.8 mg; 23.3 mg; and 33.9 mg, i.e., the grilling and 
boiling processes increased polyphenols concentrations. 
The authors also observed higher free radical scavenger 
capacity in boiled and grilled samples.26 The amount of 
total polyphenols was much greater in the present study, 
i.e., 1,540 mg/100 g EF, probably due to the longest period 
during which the eggplants were exposed to heat at a 
constant temperature of approximately 70 ºC.

It is important to highlight that the polyphenols 
commonly present in the human diet are not necessarily 
the most active within the body. This fact is due to low 
bioavailability, since they are little absorbed by the 
intestine, highly metabolized, or eliminated quickly. 
Furthermore, the metabolites found in blood and 
specific organs, which result from a liver or digestive 
activity, may differ from ingested substances in terms 
of biological activity.9 Variations in phenolic content 
concentrations between several studies occur due to 
different growing conditions.27

A study assessed the hypolipidemic effect of three 
capsules containing 360 mg dry extract of S. melongena 
L. (eggplant) or 360 mg placebo/day in 28 women with 
dyslipidemias under nutritional control during 90 days. 
The authors concluded that the dry extract of S. melongena 
L. had a modest effect on lipid profile, with no hepatotoxic 
effect or adverse reactions; however, it should be noted 
that the clinical response found in the study did not reach 
the values established by the III Brazilian Guidelines on 
Dyslipidemias and Atherosclerosis.28

Freeze-dried eggplants exhibited the following 
phenolic acids determined through HPLC assay: 
caffeic; p-coumaric; ferulic; gallic; protocatechuic; and 
p-hydroxybenzoic. The amount of hydroxycinnamates 
(caffeic, ferulic, p-coumaric, and chlorogenic acids) was 
from 9 g/g to 12 ug/g fresh matter.29 In the present study, 
the EF had the following hydroxycinnamates: caffeic, 
ferulic, and chlorogenic acids, totaling 1,96 mg/g flour.

The major limitation of the present study is a lack of 
comparison between different forms of EF preparation, 
to analyse how it would change the composition of EF. 
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However, it is worth mentioning that the EF was 
produced by hand, thus making the procedure easier, 
without the need of a freeze dryer, or difficult-to-access 
equipment. An electric oven is sufficient, allowing 
low-cost access to nutrients and phenolic compounds 
present in this flour.

The present study demonstrates that EF is a good 
addition to the diet of the general population, since it is a 
source of fiber, minerals, phenolic compounds, saponins, 
ascorbic acid, tyrosine, and phenolic acids, in addition 
to exhibiting an important antioxidant activity observed 
by means of in vitro assays. However, it is observed that 
although several studies have assessed the eggplant in 
different ways, the studies on EF are limited to inserting 
it mixed with other flours to prepare cakes and cookies.  
No studies were found that had actually assessed the 
effect of EF on humans in order to know if it would have 
some hypolipidemic effect or could reduce oxidative 
stress. Clinical trials are needed to answer these questions.

Conclusion

The EF analyzed exhibited high fiber content and 
low lipid content. Also, it had good mineral content, 
highlighting manganese, zinc, and copper, in addition 
to phenolic compounds and saponins with important in 
vitro antioxidant capacity. In view of the results, the EF 
is a good addition to the diet of the population, since it 
enriches the diet and brings health benefits.
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Abstract

Background: Arterial hypertension is a multisystem disease that increases the risk of fatal cardiac events.

Objectives: This study aims to determine the prevalence of increased blood pressure levels of pre-adolescents 
and adolescents and correlate these pressure levels with the presence of overweight or obesity and family history 
of hypertension.

Methods: In an observational, cross-sectional study, a sample of 157 students from the city of Petropolis aged from ten to 
nineteen was randomly selected. The study included four public schools and one private school. The persons responsible 
for each student answered a questionnaire on pre-existing conditions, family history of hypertension and previous blood 
pressure measurements. A thorough physical examination, anthropometric evaluation and two blood pressure readings 
were taken at intervals of at least ten minutes, on three different occasions, totaling six measurements.

Results: Blood pressure levels have shown to be abnormal in 17 (10.8% / IC95% 5.9-15.7) studied individuals. 
Statistical significance was found between the change in blood pressure and the presence of overweight and obesity 
(p < 0.001), as well as with the presence of family history of hypertension (p < 0.05). A portion of 32.5% of the 
subjects had never had their blood pressure measured, and over the twelve months prior to the study, 45.5% of the 
sample had not measured it either.

Conclusions: This study demonstrated that a significant percentage of students in the city of Petrópolis, in the state 
of Rio de Janeiro, has high blood pressure with a statistically significant correlation with overweight or obesity and 
a family history of hypertension. (Int J Cardiovasc Sci. 2017;30(3):243-250)

Keywords: Hypertension/epidemiology; Adolescent; Child; Obesity; Oveweight; Prevalence.

Introduction

Systemic arterial hypertension (SAH) is a multifactorial 
clinical condition, characterized by high and sustained 
blood pressure levels, associated with metabolic and 
hormonal changes and trophic phenomena (cardiac and 
vascular hypertrophy). Functional and/or structural 
changes to target organs (heart, brain, kidneys and blood 
vessels) and metabolic changes increase the risk of fatal 
and non-fatal cardiovascular events.1-4

In Brazil, SAH affects about 15% to 30% of the adult 
population.1,5,6 This high prevalence, combined with 

the severity of late complications, makes hypertension 
a priority and a huge public health challenge, since 
degenerative cardiovascular diseases such as ischemic 
coronary artery diseases and strokes account for about 
one third of the mortality of the Brazilian population.7

 Concern about arterial hypertension in children and 
adolescents has increased in recent decades. Despite the 
primary (essential) SAH has relatively low prevalence at 
this age group compared with adults, at a non-negligible 
percentage of these individuals, the problem is clinically 
significant, requiring attention for its early recognition 
and treatment.8
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Traditionally, childhood SAH used to be related to 
renal, vascular or endocrine disorders, but primary 
hypertension has become the main identified form and 
this epidemiological shift has been attributed largely to 
the recent epidemic of obesity.9 It has also been found in a 
longitudinal study that overweight is associated with the 
maintenance of high percentile of blood pressure and that 
the disappearance of overweight determined significant 
reduction in adolescents’ blood pressure levels.2

Children with higher blood pressure levels, although 
still within the range considered normal, tend to evolve 
throughout life with a blood pressure higher than that 
of the other children and are more likely to become 
hypertensive adults.6,10 Thereby, considering that adult 
SAH may have their origin in childhood, preventive 
strategies, particularly related to the identification 
of several cardiovascular risk factors associated with 
hypertension at this age group should be adopted early 
in an attempt to reduce late complications of this disease.8

This study aims to determine the prevalence of blood 
pressure changes in a representative sample of the 
student population, aged from ten to nineteen years, 
from five major schools of the city of Petrópolis, state of 
Rio de Janeiro, and correlate their blood pressure levels 
with the presence of overweight and obesity and family 
history of hypertension.

Methods

From November  2014 to  August  2015,  an 
observational, cross-sectional epidemiological study 
on a representative, randomly selected sample of the 
population of pre-adolescents and adolescents aged 
from ten to nineteen years, who were students at five 
major schools in the city of Petrópolis/RJ, four public 
and one private, chosen for convenience.

The sample size calculation took into account estimated 
average parameters for the prevalence of hypertension 
at this age group (0.5 to 10%) with 95% confidence 
interval and error probability of 5%. According to the 
2010 IBGE census results,11 the city had a population of 
295,917 people, with 47,772 at the studied age group.  
The calculations using these parameters indicated that the 
minimum representative sample of this school population 
was composed of 138 individuals.

A total of 192 subjects were randomly drawn by 
principals and teachers, without interference from the 
researcher. Thirty-five subjects had to be excluded 

either due to uncomplete data or for not being included 
in the study age group. The level of participation was 
therefore 81.34% (157 subjects), of which 85 (54%) were 
males and 72 (46%) were females. The binomial test, at a 
significance level α = 0.05, indicates no difference between 
the percentage of boys and girls in the sample (p = 0.071).  
α The Mann-Whitney test, at the same significance level, 
also indicates no statistically significant age difference 
between boys and girls (U = 3.027; p-value = 0.907).

Ninety-nine participants (63%) attended public 
schools and 58 (37%) attended private schools.

After obtaining a signed Informed Consent Form, 
participants’ carers answered a self-administered 
questionnaire, from which complete personal data, 
family history of Systemic Arterial Hypertension, and 
previous diseases to each study subject were obtained. 
It was also asked whether the adolescent had already 
had his blood pressure checked at least once and over 
the twelve months preceding the survey.

After having signed a Consent Agreement, each 
student was examined only by the researcher, on three 
separate occasions, at intervals longer than 24 hours. 
On the first occasion, a thorough clinical cardiology 
examination with assessment of ectoscopy, analysis of 
peripheral pulses and cardiac auscultation, in addition 
to anthropometric examination with measurement of 
weight and height and length and circumference of 
the right arm. On all three occasions, blood pressure 
was measured twice, at a minimum rest interval of ten 
minutes between measurements.

The blood pressure measurement complied with the 
standards established in the Brazilian Hypertension 
Guidelines VI – SBC,1 performed using the indirect method 
with auscultation and a properly calibrated aneroid 
sphygmomanometer (Tycos – North Carolina, USA).  
The equipment was calibrated prior to the beginning of 
the study and twice more, at intervals of three months. 
Three sizes of blood pressure cuffs (24 x 12 cm, 18 x 10 cm, 
and 16 x 8 cm) were also used, from which the one whose 
inflatable bag width and length were approximate to, 
respectively, forty percent of the circumference of the right 
arm and involved its full circumference, was chosen for 
each individual.12

The arithmetic means of the six readings, both systolic 
and diastolic, were calculated, and the obtained values 
were plotted in the tables suggested by "The Fourth 
Report on the diagnoses, Evaluation, and Treatment of 
High Blood Pressure in Children and Adolescents”.13 
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Each participant was finally classified, according to 
their systolic and diastolic pressure level percentiles, 
as normotensive, pre-hypertensive, hypertensive and 
severely hypertensive individuals.

For body weight to be determined, a previously 
calibrated Kala-branded, 100-gram digital scale, 
equipped with four sensors and capacity of up to 150 kg 
was used. Each student was placed barefoot, wearing 
light clothing, on the middle of the scale, where they 
remained until the weight in kilograms was measured. 
Height was measured using a centimeter-scaled ruler, 
with the participant placed against a wall, barefoot, in a 
fully upright position and taking a deep breath.

After calculating the body mass index (BMI 
(m²) = Weight (kg)/Height²), each participant was 
classified according to their nutritional status, in 
compliance with the 2011 recommendations of the 
Brazilian Department of Health.14 The cutoff points used 
were eutrophics (> 3rd percentile and < 85th percentile), 
overweight (≥ 85th percentile and ≤ 97th percentile), 
obesity (> 97th percentile and ≤ 99.9 percentile) and 
severe obesity ( > 99.9 percentile).

This study was approved by the Research 
Ethics Committee, on September 30, 2014 (CAAE: 
31291014.5.0000.5243).

Statistical analysis

Data of categorical variables were summarized by 
absolute frequencies and percentages, while numerical 
variable data corresponding to the age of the students 
were statistically summarized by the mean and standard 
deviation parameters as mean (± standard deviation).

The Kolmogorov-Smirnov test checked whether the 
Age variable, alone or stratified into categories, satisfies 
the normality criterion.

Once unsatisfied the normality criterion, the difference 
between ages of gender categories was investigated using 
the Mann-Whitney non-parametric test.

Differences between proportions of categories of 
dichotomous variables were investigated using the binomial 
test, while uniformity of the categories of a categorical 
variable was assessed by using the chi-square test.

The association between categorical variables was 
investigated using contingency tables and determined 
by the chi-square test or, in the case of two dichotomous 
variables, the Fisher's exact test was used. When the 

investigation of the association between categorical 
variables resulted in the values expected under the 
variable independence hypothesis being not very 
significant (less than 5), the coherent assemblage of 
categories was adopted in order to densify the frequencies 
and create conditions so that differences could be 
evidenced in the analysis. The Cramér V coefficient was 
used to identify any statistically significant association 
between polytomous categorical variables.

Population inferences concerning proportional 
parameters (percentages) or numerical values were 
performed by means of confidence intervals, at a 
confidence level of 95%.

 Statistical decisions in the hypothesis tests were taken 
at a level of significance α = 0.05 (5%).

 Statistical analyses were performed using PASW (SPSS) 
software, v. 18, by IBM, with the aid of Excel (Microsoft).

Results

The isolated analysis of systolic blood pressure 
showed that 17 students (10.8%) presented signs of a 
hypertension status, understood as Pre-SAH or SAH 
or severe SAH. As to the analysis of diastolic blood 
pressure alone, 13 students (8.3%) were found to present 
that status. No student had isolated abnormal diastolic 
blood pressure.

To determine the prevalence of hypertension, students 
who have had any change in systolic or diastolic blood 
pressure (either or both) were considered to be cases. 
Thus, the assessment of both systolic and diastolic blood 
pressure identified 17 students (10.8%) with abnormal 
blood pressure levels. Nine of them (5.7%) had changes 
in both systolic and diastolic blood pressure, and eight 
others (5.1%) only in systolic blood pressure (Table 1).

Therefore, the prevalence of hypertension in the studied 
group (with no distinction as to intensity) was revealed 
to be 10.8%. Based on this result, the real percentage is 
estimated to range from 5.9% to 15.7% (Table 2).

Considering that the population of Petrópolis in 
the age group under study (10-19), according to the 
2010 IBGE census,15 was 47,770 inhabitants, the results 
achieved with this sample indicate an estimated 
prevalence of 5,160 individuals in absolute numbers, 
who would present changes in their systemic blood 
pressure, and they could, at a 95% confidence, range 
from 2,840 and 7,479 individuals.
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Table 1 – Prevalence of SAH (n = 157)

Blood Pressure

Diastolic blood pressure

Total

Normal Pre-hypertension Hypertension Severe hypertension

Systolic Blood 
Pressure

Normal 140 − − − 140

Pre-hypertension 3 5 − 8

Hypertension − 1 2 − 3

Severe hypertension 1 − 3 2 6

Total 144 6 5 2 157

Table 2 – Estimated percentage of students with impaired BP in the population of Petrópolis/RJ (n = 157)

Systemic Blood Pressure Number of students Percentage Population estimate (I.C. 95%)

Normal 140 89.2 [ 84.3% ; 94.1% ]

Abnormal 17 10.8 [ 5.9% ; 15.7% ]

Total 157 100.0 −

Gender-based pressure change analysis shows 
that the percentage of male students (76.5%) with 
abnormal blood pressure exceeded the percentage of 
female students (23.5%). The difference of 53% between 
genders is statistically significant (binomial test: 
p-value = 0.049 < 0.05), which indicates evidence that 
males are more affected than females in the studied age 
group, in a 3-to-1 ratio, approximately (Table 3).

There was no statistically significant correlation 
between increased blood pressure levels and the fact 
that the students are enrolled in public or private schools 
(chi-square test: χ2 = 0.464; g.l. = 1; p-value = 0.601).

A total of 49 students (31.2%) had an increase of Body 
Mass Index, of which 25 (15.9%) were overweight and 
24 (15.3%) were obese. Body Mass Index category to 
Blood Pressure category ratio shows that Obesity and 
Severe Hypertension level are moderately inter-related 
in a direct manner, in a sense that the higher the BMI, 
the higher the pressure level will be (chi-square test: 
χ2 = 22.015; g.l. = 2; p < 0.0001). Crámer's V correlation 
coefficient indicates highly significant, moderate 

correlation (p < 0.01) between blood pressure levels and 
BMI categories (V = 0.374, p < 0.0001) and the analysis 
of adjusted residuals shows the solid contribution of the 
pair of categories abnormal blood pressure and obesity 
for the ratio between both variables (adjusted residue 
equal to 4.6), as well as for normal blood pressure and 
eutrophic BMI (adjusted residue equal to 3.7). (Table 4)

The large majority of the subjects (81.5%) had a family 
history of Systemic Arterial Hypertension. The analysis 
of this positive family history was also associated with 
statistical significance, with abnormal blood pressure 
levels (Fisher's exact test: p-value = 0.044 < 0.05).

Approximately one-fourth (27.4%) of the subjects had 
never had their blood pressure measured, resulting in no 
statistical correlation of this data with the fact that the student 
is enrolled in a public or private school. Over the 12 months 
preceding the study, however, approximately two-fifths 
(41.4%) of these individuals have not had their blood 
pressure measured either, with greater and statistically 
significant prevalence among private school students  
(chi-square test: χ2 = 4.075; g.l. = 1; p-value = 0.046).
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Discussion

The prevalence of hypertension in childhood and 
adolescence, reported by several Brazilian and foreign 
authors, varies widely, from 1.2% to 13%, depending 
largely on the methodology adopted, study age 
group, number of measurements at each visit, number 
of visits and total follow-up time.6,11,16 This study 
identified abnormality in blood pressures, regardless 
of their severity, in 10.8% of the student population 
(95% CI 5.9 to 15.7). Similar values were found in Brazilian 
studies, such as the one by Moura et al.,17 in the city of 
Maceió, (9.41%, 95% CI 7.8 to 11.02). Magliano et al.18 
identified a prevalence of 8.12% (95% CI 6.24 to 10.52%) 
using meta-analysis. Another cross-sectional study by 
Correa Neto et al.19 with subjects aged 17-19 years, in the 
city of Rio de Janeiro, identified a higher prevalence of 
19.4% of changes in blood pressure with a statistically 
significant correlation with the presence of overweight 
and obesity. Recently, Bloch et al.,20 when carrying 

out a broad, countrywide study, showed that 9.6% 
(95% CI 9.0 to 10.3) of Brazilian adolescents attending 
schools in cities with more than 100,000 inhabitants have 
high blood pressure (pre-hypertension or hypertension) 
with higher prevalence among males21.

There are several environmental factors related to 
the development of hypertension. Among them, weight 
and BMI are recognized as the major determinants of 
high blood pressure levels in children and adolescents, 
with tremendous growth of the prevalence of severe 
obesity in this age group in the past decade.8,21-23  
A recent study conducted in England by Skinner et al.,24 
covering 8,579 overweight or obese children and 
adolescents, showed that the greater the severity of 
obesity, the higher the systolic and diastolic blood 
pressure of these patients. Parker et al,25 also found a 
statistically significant association between increased 
BMI and development of high blood pressure in 
a study involving 101,606 individuals, aged from 
three to seventeen years old, in the United States of 

Table 3 – Gender-based analysis of the BP categories (n = 157)

Systemic blood pressure
Total number  

of students

Gender

Male Female

n % N %

Abnormal
17 13 18.1 4 4.7

CI (95%): 9.2% ; 27.0% CI (95%): 0.2%; 9.2%

Normal
140 59 81.9 81 95.3

CI (95%): 73.0% ; 90.8% CI (95%): 90.8% ; 99.8%

Total 157 72 100.0 85 100.0

Table 4 – Correlation between high blood pressure levels and abnormal BMI (n = 157)

Presence of abnormal 

blood pressure

Body mass index

Total

Eutrophic Overweight Obesity

Normal
N 103 22 15 140

Adjusted residue 3.7 -0.2 -4.6

Abnormal
N 5 3 9 17

Adjusted residue -3.7 0.2 4.6

Total 108 25 24 157
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America. This same study found that obese children 
and adolescents had twice the risk of developing 
hypertension when compared to subjects with normal 
weight, and those diagnosed with severe obesity 
had a risk four times higher. Flechtner-Mors et al.26 
identified 22% prevalence of SAH and 8% prevalence 
of pre-hypertension in European overweight or 
obese children and adolescents. In Brazil, a study by 
Rosaneli et al.10 on schoolchildren aged 6 to 11 years 
old, in the city of Maringá, identified 11.2% prevalence 
of pressure changes in eutrophic children, 20.6% in 
overweight children and 39.7% in obese children.

There was no statistically significant difference 
between changes in BMI (overweight or obesity) and 
administrative educational categories. The correlation 
between the data on High Blood Pressure and abnormal 
Body Mass Index shows that Obesity and abnormal high 
blood pressure are directly interrelated, in a sense that 
the higher the BMI, the higher the pressure level will be. 
Among the individuals identified as having abnormal 
blood pressure, 70% also had BMI changes, of which 17% 
are overweight and 53% are obese. 

 In adults, SAH is unarguably one of the most important 
risk factors for the development of cardiovascular 
diseases, particularly the coronary artery disease.27  
It is recognized that the disease, in its primary form, may 
begin early in life and that genetic factors play a decisive 
role in its development. Thus, the existence of a family 
history of SAH was shown to significantly affect the 
emergence of this condition in children.28

 In this study the presence of hypertension in at least 
one individual (grandparents, parents or siblings) was 
considered a positive family history. The large majority 
of adolescents (82.2%) had positive family history, and 
all those (100%) with abnormal blood pressure also had 
a positive family history, demonstrating once again 
the importance of this factor in the development of 
cardiovascular diseases.

Although the measurement of children’s and 
adolescents’ blood pressure is recommended in all 
clinical evaluation after three years or in special risk 
situations before this age, this is not a habit in pediatric 
consultation, resulting in many hypertensive patients 
being undiagnosed. These data indicate the need for 
educational actions involving health professionals, 
providing not only scientific information but also 
technical conditions for a wider and safe approach to the 

cardiovascular system of these patients. Considering that 
the hypertension diagnosis is made after confirmation 
of the presence of persistently high blood pressure, it 
is important to emphasize the need for routine blood 
pressure measurements. Studies such as those by 
Negroni-Balasquide et al.,29 observed a drop in blood 
pressure levels between the first and third measurements, 
indicating the possibility of misdiagnoses from single or 
sporadic measurements.

A more intensive approach to health managers and 
professionals in the diagnosis of hypertension in childhood 
and adolescence and a prophylactic approach, such as the 
control of overweight and obesity and the encouragement 
of regular physical exercise, can determine a significant 
decrease in the number of hypertensive adults, with 
lower rates of morbidity and mortality, also generating 
significant reduction in high costs to public health.

This study had as limiting factors the choice of 
participating schools for convenience, which does not 
allow to state that the sample is representative of the entire 
population of the city of Petrópolis, aged 10-19 years old.

Conclusion

We conclude that a non-negligible percentage of 
pre-adolescents and adolescents, from five major 
schools of the city of Petrópolis/RJ, have high blood 
pressure, which is more frequent in males, in 3:1 ratio, 
with no statistically significant relationship with the 
administrative educational categories.

Statistical significance was found between the change 
in blood pressure and the presence of overweight and 
obesity (p < 0.001), in the sense that the higher the 
BMI, the higher the blood pressure is. Family history 
of hypertension was identified in all adolescents with 
abnormal blood pressure levels.

A significant number of the studied adolescents had 
never had their blood pressure measured. This fact 
determines a delay in the identification and treatment 
of these patients, when indicated.
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Abstract

Background: Hypoxia is a physiological condition that may affect the cardiac autonomic modulation, which can 
be assessed by spontaneous fluctuations in heart rate, know as heart rate variability (HRV). Studies have reported 
reductions or maintenance of HRV in hypoxic situation presenting controversial effects. There is a knowledge gap 
in relation to changes in HRV during hypoxia.

Objective: The aim of this study was to systematically review the effects of hypoxia on HRV in unacclimatized 
healthy adults at rest.

Methods: This systematic review was performed according to PRISMA guidelines. Search terms used in 
MEDLINE, SCOPUS, LILACS and EUROPE PMC database were: “heart rate variability” OR “cardiac autonomic 
modulation” OR “cardiac autonomic regulation” AND NOT intermittent NOT sleep (hypoxia OR altitude). 
Records were filtered by species, age group and language. Results: At the end of the screening and eligibility, 
13 manuscripts remained for qualitative synthesis.

Discussion: The studies used different experimental protocols involving difference in barometric pressure, oxygen 
level, time of exposure to hypoxia and control of respiratory rate. Possibly the influence of these factors and also 
the interindividual variation to hypoxia may justify different responses in HRV.

Conclusion: Based on the investigated studies, hypoxia has been capable of generating a decrease in HRV, either by 
reduction or maintenance of vagal modulation, or by sympathetic predominance or even the combination of these 
responses in healthy adults unacclimatized to hypoxia. This effect appears to be dependent on altitude level and 
barometric pressure. (Int J Cardiovasc Sci. 2017;30(3):251-261)

Keywords: Heart Rate, Hipóxia, Altitude, Atmospheric Pressure, Autonomic Nervous System, Review.

Introduction

Several physiological conditions, such as hypoxia, can 
exert influence on the cardiac autonomic modulation.1 This 
condition consists of a lower availability of oxygen in the 
tissues and can be caused during the ascent to altitude. 
At high altitudes hypoxia occurs due to a high altitude 
pressure of oxygen in the atmosphere (PO2) compared to 
sea level. The reduction in the fraction of inspired oxygen 
(FiO2), made with specific equipment, also leads to hypoxia, 

and has been used to simulate the altitude at normobaric 
condition. Both types of hypoxia reduces the partial 
pressure of arterial oxygen (PaO2) leading to decreased 
arterial oxygen saturation (SaO2). These effects stimulate 
peripheral chemoreceptors to adjust lung ventilation (LV) 
in order to try to restore arterial oxygen levels.2

Breathing3 and the activity of the chemoreceptors 
influence the modulation of heart rate (HR) during 
exposure to hypoxia.4 At rest in normoxia, HR and 
blood pressure (BP) are modulated beat to beat mainly 
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by arterial baroreceptors.5 However, during exposure 
to hypoxia, peripheral chemoreceptors also act as 
regulators of autonomic activity and resets baroreflex 
control of heart rate and sympathetic activity, allowing 
higher levels of HR, BP and sympathetic drive, but 
without changing baroreflex sensitivity.4

The autonomic nervous system controls the heart beats 
through its sympathetic and parasympathetic discharging 
on the sinus node. Each branch performs different 
functions, where increased sympathetic activation reflects 
in an increase in HR, while increased parasympathetic 
or vagal activation leads to decreased heart beats.5  
The combination of these humoral and neural mechanisms 
modulate HR. A widely used non-invasive tool to assess 
cardiac autonomic modulation by fluctuations in R-R 
intervals is HR variability (HRV).6,7

HRV may be assessed by the dynamics of RR intervals 
time series in the time-domain and in the frequency-domain 
by the spectral method,7 the indexes: the square root of the 
mean of the squares of the successive differences between 
adjacent RR intervals (rMSSD) and percentage of adjacent 
R-R intervals that varied by more than 50 ms (pNN50) 
represent parasympathetic modulation, while the standard 
deviation of all normal RR intervals (SDNN) and the standard 
deviation of the means of the normal RR intervals (SDANN) 
represent all cyclical components related to variability 
during the recording period. In the frequency-domain,6,7 
obtained using spectral analysis, the three major indexes 
used are: Very low frequency (VLF: 0 - 0.04 Hz) which 
although its physiological application is not well defined 
seems to correspond to the influence of the thermoregulatory 
and renin-angiotensin-aldosterone systems; the spectral 
component of low frequency (LF: 0.04 – 0.15 Hz) at rest 
refers to sympathetic and parasympathetic modulation, 
but mostly sympathetic, being related to the tonic 
baroreflex activity, and high frequency spectral component  
(HF: 0.15 – 0.40  Hz) corresponding to vagal and respiratory 
modulation. The components obtained using spectral 
analysis may be described in absolute values (ms²), 
normalized units, or normalized by neperian logarithm 
based on absolute values.6,7

Although many studies have used HRV to assess 
cardiac autonomic modulation during hypoxia, the 
results have been controversial, particularly due to 
differences present in the experimental designs,3,8,9 such 
as the altitude level,10 hypoxia in hypobaric (HH) or 
normobaric (NH) environment11, length of exposure,12 
natives or non-natives in altitude13 and acclimation 

condition.14 Furthermore, other factors may interfere 
with the HRV even in normoxia, such as respiratory 
frequency (RF), change in corporal position,15,16 physical 
capacity,17 age,18 temperature,19 which if not controlled 
may lead to conflicts in the results and undermine 
the interpretation of the impact of hypoxia on HR 
modulation. In this sense, the objective of this study 
is to systematically review this issue to clarify the 
effects of hypoxia on cardiac autonomic modulation in 
unacclimatized healthy young adults at rest.

Methods

In order to structure the methods applied to this 
manuscript, PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) was used.20

Types of participants

Healthy, non-altitude resident adults aged 19-44 years.

Types of interventions.

Acute exposure to hypoxia, which have assessed 
cardiac autonomic modulation by using HRV.

Types of measures investigated

Both time and frequency-domain methods were 
chosen for better comparison of HRV results. In selected 
studies, HRV was considered only before and during 
exposure to hypoxia.

Bibliographic search

Studies were selected by two investigators separately 
and subsequently discussed together. The studies were 
obtained from MEDLINE, LILACS, SCOPUS and EUROPE 
PMC databases. Search terms used in MEDLINE, SCOPUS, 
LILACS and EUROPE PMC database were: “heart rate 
variability” OR “cardiac autonomic modulation” OR “cardiac 
autonomic regulation” AND (hypoxia OR altitude) NOT 
intermittent NOT sleep. Search terms used in LILACS, 
SCOPUS and EUROPUBMED database were: (“heart rate 
variability” OR “cardiac autonomic modulation” OR “cardiac 
autonomic regulation”) AND (hypoxia OR altitude) AND NOT 
intermittent AND NOT sleep because of the difference in the 
use of Boolean operators. Those terms were selected so as 
the search avoided manuscripts containing sleep apnea or 
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intermittent hypoxia. In Medline filters were used for ages 
between 19 and 44 and only human studies. In Lilacs filters 
were used only for human and altitude related studies. 
In Scopus filters available to research only in scientific 
articles and study area involving environmental science”, 
“medicine” and “neuroscience” were used. In Europe PMC 
search filters were not used.

Inclusion criteria

Studies in English, Portuguese and Spanish, only 
with healthy, non-athlete humans at rest were included, 
which assessment focused mainly on cardiac autonomic 
modulation by means of HRV during exposure to 
hypoxia/altitude in temperature controlled environment. 
In order to enrich the discussion, studies that used or 
not control of the respiratory rate and arterial CO2 were 
included. These studies will be discussed separately.

Exclusion criteria

Articles that did not use the HRV using linear dynamics 
as an assessment method of the cardiac autonomic 
modulation were excluded, as well as studies of children, 
fetuses, newborns, the elderly, athletes or individuals with 
any type of pathological condition, animals, as well as 
those involving intermittent hypoxia protocols.

Bias Risk in Studies

The studies were analyzed for the use of sample 
choosing criteria. It was analyzed whether the method 
used for the assessment of cardiac autonomic modulation 
was HRV during hypoxia.

Results

In accordance with predetermined criteria in this study, 
1252 studies were initially found (180 for Medline, 394 for 
Scopus, 163 for Lilacs, 515 for Europe PMC) on February 
16, 2017. After applying the filters, 847 studies were left, of 
which 83 for Medline, 225 for Scopus, 24 for Lilacs and 515 
for Euro PubMed, according to the following flowchart:

This review aimed to investigate studies that assessed 
HRV during exposure to hypoxia in unacclimatized 
healthy young individuals. Although the effects of hypoxia 
on cardiac autonomic modulation are well studied,10,21,22 
even after a rigorous selection criterion of the articles, 
experimental protocols are considerably different.  
The results found are shown in Table 1.

Discussion

Intervening factors of hypoxia in HRV

Among the selected studies, some had short exposure 
to hypoxia — of around 6-15 minutes,8,11,21-25 while 
others had longer exposure periods of one to twelve 
hours.4,12 Furthermore, the studies used gradual rise 
protocols10,12,26 or sudden exposure to hypoxia.8,11,20,22-26 
The length of stay and type of rise to a simulated altitude 
could generate different cardiac autonomic modulation 
responses, as shown in the table 1.12,27,28 Likewise, the 
different levels of oxygen used in the studies, ranging 
from 19% to 9.6% of FiO2

10,21,23 also appear to induce 
different HRV responses.

The hypobaric hypoxia (HH) condition occurs in actual 
altitude or decompression chambers. Another manner to 
study the effects of hypoxia is through simulators that 
reduce FiO2, without changing the barometric pressure, 
known as normobaric hypoxia (NH). Some studies 
suggested different physiological responses and symptoms 
in HH and NH conditions for a given inspired pressure 
of oxygen (PiO2).

29,30 It is possible, therefore, that this is an 
intervenient factor in the regulation of HR when the oxygen 
level of NH condition is similar to HH. Different responses 
in HRV between HH and NH conditions were observed 
by Basualto-Alarcón et al.11 to a simulated altitude of 
~3000 m for a 15-minute exposure, indicating sympathetic 
predominance in HH only. However, SpO2 was reduced 
in the same proportion in both conditions; other studies 
suggest a relationship between HRV and ∆SpO2.

9,21-24 
Although those studies differ in the type of hypoxia, 
one of them being in hypobaric environment9 and the 
others in normobaric environment.21,24 Furthermore, other 
studies using a similar level of hypoxia also had varied 
responses in cardiac autonomic modulation both in HH26 
and NH.10,23 Although LF/HF balance tends to increase 
during hypoxia, the LF component increased and HF 
remained the same, in NH, with 15%O2 to ~2700m for 
10-min exposure, in the study by Iwasaki et al.10 while LF 
and HF did not change in the study by Zhang et al.26 to 
an altitude of ~3000m in HH. However, in the study by 
Giles et al.23 using NH, HRV did not change in hypoxia of 
14.5% FiO2 to ~3000 m.

The level of hypoxia also generates different 
responses in HRV, as observed in studies that performed 
such comparison.10,23,26 The findings by Zhang et al.26 

demonstrated the predominance of sympathetic (LF) 
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with reduced vagal (HF) only when a 4000 m altitude 

was simulated. The same did not occur to the level of 

3000m. While Iwasaki et al.10 found LF increases and 

sympathovagal balance (LF/HF) at the level of ~2700 m. 

The findings by Giles et al.23 only demonstrated change 

in HRV caused by the fall in the Ln Total Power to 

~6000 m. However, different protocols were used. Various 

responses in HRV can be observed at high altitudes,8,12,21,26,28 

moderate altitudes11,14 and low altitudes.10

Intervening factors extrinsic to hypoxia in HRV

Some factors extrinsic to hypoxia such as age, 

temperature, exercise, health, RF, etc., are some of the 

variables that can interfere with HRV.18,19,31 Therefore, 

few studies could be selected for comparison of findings, 

since there is a wide variety of experimental protocols 

for similar goals. However, a stringent method to control 

these variables was not always followed.

Exposure to Hypoxia and its effects on HRV

Of the selected studies, five showed an increase 

in sympathovagal balance,  estimated by the  

LF/HF ratio10-12,26,28 after exposure to hypoxia. Studies by 

Rupp et al.28, Basualto-Alarcon et al.11 and Guger et al.12, 

showed an increase in LFnu component and a decrease 

in HFnu, suggesting sympathetic predominance, which 

corroborates with the findings by Iwasaki et al.10 and 

Zhang et al.26 However, the fall in LFms² and HFms2 
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Table 1 – Methodological classification and results of HRV during hypoxia

Author/year: Sample Intervention
Respiratory 

frequency
Results (SpO2%):

Results (HRV) 

during hypoxia

Botek et al.,21 2015

29 young 

moderately active 

healthy individuals 

(26 ± 4.9 years 

of age),

10 min NH 

(FiO2 = 9.6% at 

~6200 m). Two groups: 

(RG) SpO2 ≥ 72.2% or 

(SG) ≤ 72.2%

Controlled breathing 

(12 breaths/min)

RG (↓80.8 ± 7.0); 

SG (↓67.2 ± 2.9)

LnHF ↓ (RG and SG); 

LnHF (SG < RG);

Ln LF/HF (↑ SG) 

and (↔ RG); Ln LF/

HF (SG > RG); LFnu 

↑ (SG); LFnu (SG > 

RG); HFnu ↓ (SG); 

HFnu (SG < RG)

Buchheit et al.,8 

2004

12 young 

moderately active 

healthy individuals 

(30.9 ± 2.3 years 

of age)

6-min NH (11.5% O2 

at ~4800 m)

Spontaneous 

breathing
∆SaO2 (7.80±0.59)

rMSSD ↓; SDNN ↔; 

LF ↔; HF ↓; LFnu 

and HFnu ↔

Iwasaki et al.,10 

2006

18 young healthy 

individuals 

(22 ± 2 years of age

NH (21%, 19%, 17%, 

15% O2). Ten minutes 

at each level

Spontaneous 

breathing

SpO2 19% O2 

(↓97,4 ± 0.2); 17% O2 

(↓95.6 ± 0.3); 15% O2 

(↓92.4 ± 0.5)

LF ↔ (21%, 19% O2); 

LF ↑ (17%, 15%); HF 

↔ (21%, 19%, 17%, 

15% O2); LF/HF ↔ 

(21%, 19%, 17%); 

LF/HF ↑ (15%)

Zużewicz et al.,32 

1999

6 healthy 

individuals 

(25-28 years of age)

HH Chamber in 

4500 m. Six 30-min 

assessment periods 

at 4-hour intervals. 

Control situation 

(normoxia) on a 

different day

Spontaneous 

breathing
Absent data

R-R ↓, SDNN ↓, 

pNN50 ↓, LF ↔, 

HF ↓, LF/HF ↔;

(HRV during the day)

Zhang et al.,26 

2014

12 young healthy 

individuals 

(29 ± 7 years of age)

HH Chamber in 

3000 m and 4000 m. 

Fifteen minutes each 

level.

Gradual rise (0-3000 

m; 3000-4000 m)

Spontaneous 

breathing

SpO2 (↓90 ± 3) 

3000m; (↓84 ± 4) 

4000m

LF ↓ (4000 m); LF 

(4000 < 3000 and 

normoxia); HF ↓ 

(4000 m); HF (4000 < 

3000 and normoxia); 

LF/HF ↑ 4000 m; 

LF/HF (4000 m > 

normoxia)

Rupp et al.,28 2013

11 young healthy 

individuals 

(29 ± 6 years of age)

NH (12% O2 at ~4000 

m) sudden exposure. 

Two 4-hour sessions 

on different days. 

3-min in normoxia 

(baseline), 4h 21% 

or 12% O2, 15-min 

recovery.

Temperature 

(23 ± 1)°C and 

humidity (43 ± 9)%

Spontaneous 

breathing

SpO2 ↓ and stabilized 

at ~85% after 20-min 

exposure to hypoxia

RR ↓ (relative to 

baseline and control 

session); rMSSD ↔; 

pNN50 ↓ (relative 

to control session); 

LFnu ↑ and ↓ HFnu 

(relative to the 

control session 

and baseline from 

80 min.); LF/HF ↑ 

(relative to baseline)

To be continued
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when 4000 m HH was simulated by Zhang et al.26 suggest 

impaired cardiac autonomic modulation. Unlike what 

was found by Iwasaki et al.10 who observed maintenance 

of the spectral power of HFms² and increased LFms2, 

demonstrating that vagal withdrawal did not occur. In the 

study by Guger et al.12 after eleven hours' exposure to HH, 

rMSSD, SDANN and SDNN components were reduced, 

indicating cardiac vagal withdrawal.
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Continuation

Basualto-Alarcón 

et al.,11 2012

7 young healthy 

individuals 

(22.7 ± 5.8 years 

of age)

15-min exposure 

to HH chamber in 

3000 m and 15-min 

exposure to NH tent 

in 3000 m (different 

days)

Spontaneous 

breathing

SpO2 ↓ in both HH 

(91.6 ± 4.2) and NH 

(89.1 ± 3.8)

In HH: rMSSD ↔; 

pNN50 ↔; LF% 

↔; HF% ↓; LFnu 

↑;HFnu ↓; LF/HF ↑;

In NH: HRV ↔

Bhaumik et al.,14 

2013

6 healthy young 

military servicemen 

(24.83 ± 2.93 years 

of age)

HH (actual altitude 

3500 m) after 

48 hours and after 

5 days

Spontaneous 

breathing

SpO2 ↓ after 2 days 

(92.83 ± 0.47); ↓ after 

5 days (96.5 ± 0.22)

Day 2nd: LF ↔; HF 

↓; LFnu ↑; HFnu ↓; 

LF/HF ↑; 5th day: LF 

↔; HF ↓; LFnu ↔; 

HFnu ↔; LF/HF ↔

Guger et al.,12 2008
10 healthy males 

(21-33 years of age)

A rise to 4000 m was 

reached after 1 hour 

and kept for 12 hours 

in HH chamber

Spontaneous 

breathing

After 1 hour SpO2 

↔; After 5h SpO2 

↓ (82.7 ± 6,8); and 

after 11h SpO2 ↓ 

(84.9 ± 4.5)

After 1 hour HRV 

↔; After 11 hours 

rMSSD ↓, SDANN 

↓; SDNN ↓; LFnu ↑; 

HFnu ↓; LF/HF ↑

Giles et al.,23 2016

11 physically active 

males (21.8 ± 0.9 years 

of age)

Five visits for 5 levels 

of FiO2 (20.3%; 17.4%; 

14.5%; 12%; 9.8%) 

in NH, temperature 

(20°C) and 50% 

humidity. The length 

of exposure was 10 

min

Spontaneous 

breathing recorded 

(RF = 15.6 ± 3.4, 

16.2 ± 2.7, 14.8 ± 3.0, 

12.4 ± 4.2, 12.9 ± 4.2 

breaths/min), 

respectively

SpO2 = 20.3% FiO2 

(96.8 ± 2.1); 17.4% 

FiO2 (95.8 ± 1.7); 

14,5%FiO2 

(91.6 ± 1.7); 12% FiO2 

(84.1 ± 4.0); 9.8% FiO2 

(77.7 ± 5.8%)

SDNN ↔; Ln 

rMSSD ↔; Ln VLF 

↔; Ln LF ↔; Ln HF 

↔; Ln LF/HF ↔ 

LFnu ↔; HFnu ↔ 

(in all conditions). 

The HR ↑ and Ln TP 

↓ only in 9.8%FiO2

Krejčí, et al.,24 2016

29 young 

moderately active 

healthy individuals 

(26 ± 4.9 years 

of age), 

10 min NH 

(FiO2 = 9.6% at 

~6200m), in supine 

position

Controlled breathing 

(12 breaths/min)

SpO2 ↓ for 10 min: 

(96.4 ± 2.3 min in 

the first minute and 

reaching 71.9 ± 10% 

in the tenth minute) 

without stabilizing

∆HR ↑ (from 1 min); 

∆Ln rMSSD ↓ (from 

the 2nd min); ∆Ln 

SDNN ↓ and ∆Ln 

SDNN/rMSSD ↑ 

(both from the 3rd 

min);

Brown et al.,22 

2014

10 healthy young 

individuals (aged 

22 – 42)

6 min HN (FiO2 = 10% 

at ~5500 m), in supine 

position

Spontaneous 

breathing
Absent data

HR ↑; LFnu ↔; 

HFnu ↔

Haddad et al.,25 

2012

10 healthy, 

physically active 

males (32.7 ± 4 years 

of age),

At rest: 10 min HN 

(FiO2 = 15.4% at 

~2400m), sit down. 

At 20-23°C)

Spontaneous 

breathing
Absent resting SpO2

At rest: RR ↔; Ln 

rMSSD ↔; Ln HF 

↔; LF/HF ↔

NH: normobaric hypoxia; HH: hypobaric hypoxia; RG: hypoxia resistant group; SG: hypoxia sensitive group; FiO2: fraction of inspired oxygen; SpO2: oxygen 
saturation pulse; ΔSaO2: delta SpO2; HRV: heart rate variability; R-R: heartbeat in milliseconds (ms); TP: total power; Ln TP: TP in Neperian logarithm; 
VLF: very low frequency power; Ln VLF: VLF in Neperian logarithm; LF: low frequency power; HF: high frequency power; LF/HF: sympathovagal balance; 
LFnu: LF in normalized units; HFnu: HF in normalized units; LnHF: HF in Neperian logarithm; LnLF: LF in Neperian logarithm; Ln LF/HF: LF/HF in 
Neperian logarithm; rMSSD: square root of the mean of the squared differences between adjacent normal RR intervals; SDNN: standard deviation of all 
normal RR intervals; SDANN: standard deviation of the means of the normal adjacent RR intervals; pNN50: percentage of adjacent RR intervals that varied 
by more than 50 ms. Δ: delta or difference; SDNN/rMSSD: ratio in time-domain representing the sympathovagal balance.
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Figure 1 – Regulation of the cardiac autonomic control during acute exposure (10 min) to severe hypoxia. 
PaO2: arterial oxygen pressure; SaO2: arterial oxygen saturation; ANS: autonomic nervous system; HRV: heart rate variability.

Buchheit et al.,8 Zuzewicz et al.32 and Giles et al.12 found 

no significant difference in sympathovagal balance in 

hypoxia. However, Buchheit et al.8 and Zuzewicz et al.32 

reported reductions in time-domain components. 

Buchheit et al.8 found decrease in the rMSSD index and 

HFms2 and maintenance of SDNN and LFms2. Although 

indexes in the time-domain and frequency-domain 

absolute values indicate vagal withdrawal, the same was 

not found in normalized units. In the study by Zuzewicz 

et al.32 there was a decrease in RR intervals, SDNN, 

pNN50, HFms2 and maintenance LFms² and LF/HF, also 

suggesting vagal withdrawal. However, Giles et al.23 found 

no changes in HRV indexes at NH level similar to those 

of comparative studies. The studies used similar levels of 
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hypoxia — ~4800 m, ~4500 m and ~4450 m, respectively 
— although the length of exposure and barometric hypoxic 
conditions were different.

The study by Giles et al.23 experienced 5 different 
levels of oxygen (20.3%, 17.4%, 14.5%, 12% and 9.8%) for 
ten-minute exposure. Each oxygen level was carried out 
on different days at 24-hour intervals between analyzes 
in a random manner. Observing the HRV linear data, the 
authors found no changes in SDNN, rMSSD, VLF, LF 
and HF (Ln or %) components for all levels of oxygen. 
However, a significant reduction in Ln TP was found 
during the most severe level (9.8% O2 to simulated altitude 
of ~6000 m), indicating a reduction in cardiac autonomic 
modulation. Although randomization was made, one of 
the limitations of this study is that reproducibility of HRV 
measurements were not carried out for the different levels 
of FiO2. This may be a possible confounding factor to 
establish the effect of hypoxia on HRV. Furthermore, there 
may be differences between physically conditioned and 
unconditioned individuals. Although no increase in LF 
and no decrease in HF was found, a fall in Ln TP may 
indicate a decrease in cardiac autonomic modulation.  
The fall in TP may be associated with cardiac risk events.33 
Although there has been no statistical significance for Ln 
VLF, Ln LF and Ln HF indexes, the effect in severe hypoxia 
was moderate (9.8% O2). A study24 that examined HRV 
dynamics using time-domain indexes at segments per 
minute, including the transient portion of the opening 
minutes of sudden exposure to NH (9.6% FiO2 ~6200 m) 
for 10 min, found that cardiac autonomic modulation 
responds proportionally to the reduction in SpO2% during 
the first five-minute exposure to severe hypoxia. The ∆HR 
had a gradual increase from the first to the fourth minute, 
where it reached a steady state, while the ∆Ln rMSSD had 
a reduction from the second to the sixth minute, reaching 
a steady state. The ∆Ln SDNN had a gradual reduction 
from the third to the sixth minute and then it stabilized. 
The ∆Ln SDNN/rMSSD increased from the third to the 
fifth minute and then it stabilized. However, SpO2 began 
to decrease from the first to the tenth minute without 
reaching a steady state. Those results indicate that during 
the transient time or opening minutes of exposure to severe 
hypoxia (9.6% FiO2), a vagal withdrawal, reduction in 
cardiac autonomic modulation and increased sympathetic 
modulation occur, following the fall in SpO2. Although the 
study did not conduct such analysis, the authors suggest 
that stimulation of peripheral chemoreceptors probably 
overlaps the other autonomic regulation mechanisms 
during the first five minutes exposure to this level of 

hypoxia.24 After this, they suggest two possible routes, 
one relates to a possible baroreflex response that may 
counterbalance the initial disturbance, preventing very 
high levels of HR31 or even, in the possibility of fall in 
SpO2 below a certain threshold, cause a negligible change 
in ANS activity.24 Although SpO2 was not been stabilized 
during 10-min exposure, the study by Rupp et al.28 
indicates SpO2 stabilization only after 20-minute exposure 
to a level of 12% FiO2 at 4000 m, i.e., less than that achieved 
by Krejci et al.24

One only study21 separated the sample into two groups, 
RG = SpO2 ≥ 72.2% and SG = SpO2 ≤ 72.2%, in addition to 
controlling RF and using an extreme level of hypoxia of 
~6200m. In this study of rapid exposure to NH, the RG 
group had a decrease in LnHF but with maintenance of 
Ln LF/HF. While the SG group had a decrease in LnHF 
and HFnu and an increase in Ln LF/HF and LFnu.  
The difference between RG and SG (Table 1) indicates that 
SG has an increased sympathetic modulation associated 
with decreased vagal modulation during exposure to 
NH. In the study by Brown et al.22 although the level of 
oxygen used was 10% FiO2 ~5500 m and increases in HR 
were found, in LFnu and HFnu components no differences 
were found in the normoxic condition. This study 
conducted a six-minute analysis during normoxia (21% 
O2), hypercapnia (5% CO2) and hypoxia (10% O2) at 
5-minute intervals of normoxia between conditions and in 
a randomized manner. Few HRV indexes were analyzed 
in this study, but similar results in LF and HF components 
during exposure to hypoxia have been reported in other 
studies.23 Furthermore, during the randomization in some 
individuals, a possible residual effect of hypercapnic 
conditions may have influenced the subsequent hypoxic 
condition. SpO2 data were not presented.

Haddad et al.25 focused on the impact of hypoxia 
on cardiac parasympathetic reactivation measured 
by HRV after exercise. However, for this review, 
we considered only the HRV indexes at  rest .  
The section for analysis considered was from the 5th 
to the 10th min of exposure to 15.4% FiO2 ~2400m.  
The HRV indexes  presented did not  change 
significantly. Suggesting that the magnitude of 
hypoxia was not sufficient to cause changes in HRV 
at rest. However, it was sufficient to cause a delay 
in cardiac parasympathetic reactivation after a 
submaximal exercise. In addition, this study sample 
had good physical capacity, which itself tends to 
respond to better adjustments in the HRV in stressful 
situations.17 SpO2 data at rest were not presented.
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The study by Bhaumik et al.14 used an acclimatization to 
hypoxia protocol, with assessments after 48 hours and five 
days, and found that on the second day there was a decrease 
in the vagal modulation associated with an increase in the 
LFnu component, leading to an increased sympathovagal 
balance. However, after the fifth day, despite a reduction 
in the HFms² component, there was a recovery of 
sympathovagal balance when compared to normoxia, 
suggesting a possible acclimatization induced autonomic 
adaptation. Although the LFnu component is considered 
a cardiac sympathetic modulation related marker,7 it has 
been observed that the LFnu behavior in relation to muscle 
sympathetic nerve activity (MSNA) converge in specific 
conditions and this is also associated with the breathing 
effect.34 Furthermore, in severe hypoxia ~10.5% O2, the LFnu 
component only converged with ANSM when breathing 
was controlled at 20 breaths/min, which was not the case 
during spontaneous breathing.34

Breathing effects on autonomic reflexes have been 
well described by Bernardi et al.3 and generate impact on 
HRV indexes, showing changes in spectral components, 
particularly due to changes in RF.27 In this sense, we believe 
that the change in breathing pattern during exposure to 
hypoxia can impact on HRV. Furthermore, chemoreflex 
stimulation caused by hypoxia may also affect the 
autonomic control caused by sympathetic activation, 
which can be counterbalanced, for example, by either 
the interaction of baroreceptors or the inhibitory effect 
of pulmonary-stretch lung afferents.35 Therefore, more 
research is needed to explore the record of spontaneous 
and controlled RF at HRV indexes during exposure to 
hypoxia associated with interindividual responsiveness 
and length of exposure. Furthermore, although the effect 
of hypocapnia on the sympathetic activity is already 
known,36 the influence of this state, isolated and associated 
with hypoxia at HRV indexes, is another factor that needs 
to be better understood.

Based on the HRV responses observed in this 
review, we propose a figure with a description of the 
possible physiological phenomena related to the cardiac 
autonomic control during acute exposure to severe 
hypoxia. It is important to note that the figure shows 
only a general and superficial view of the possible 
mechanisms in healthy individuals. However, such 
events can be varied by factors such as the level of FiO2, 
length of exposure, age, physical capacity, interindividual 
variations, acclimatization, in addition to physical 
exercise and postural changes.

Conclusion

This review presented the main studies involving 
the response of HRV during acute hypoxia in 
healthy individuals. In general, based on the studies 
investigated in this review, exposure to hypoxia is 
capable of changing HRV and result in a decrease in 
the cardiac autonomic modulation, by either reduction 
or maintaining of vagal modulation, or by sympathetic 
predominance or even a combination of these 
responses. However, the magnitude of the response 
to hypoxia in unacclimatized healthy young adults 
at rest seems to be mainly dependent on the altitude 
level, length of exposure, interindividual variation and 
barometric pressure.

Study limitations

The overall cardiovascular system functions are vast 
and cardiac autonomic modulation aims to modulate 
the heart beat behavior. This study is limited to 
investigate the cardiac autonomic modulation by HRV, 
which is a non-invasive and selective method. This 
method aims to assess the spontaneous fluctuations 
of HR using several mathematical calculations aimed 
at indicating the cardiac vagal, sympathetic and 
sympathovagal drive. This study is also limited to study 
only the acute hypoxia, rejecting the effects of chronic 
and intermittent hypoxia on HRV. Furthermore, this 
study included only healthy individuals and their 
impact on exposure to hypoxia. This may limit a 
possible understanding of the effects of hypoxia on 
HRV in unhealthy individuals, particularly with 
cardiac disease. However, this review with healthy 
individuals becomes primary in the investigation of the 
physiological effects of hypoxia on HRV in humans and 
can go forward in the investigation of cardiorespiratory 
interaction. This review is also expected to reflect in 
future studies and/or reviews, aiming not only healthy 
but unhealthy individuals such as hypertensive, 
diabetic, obese and other individuals.
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Introduction

The endothelium is a monolayer of cells, called 
endothelial cells, that lines the interior of blood vessels, 
including arteries, veins and cardiac chambers,1 acting 
as a protective layer between circulating blood and other 
tissues.2 The endothelium is crucial for the control of 
vascular homeostasis, and is involved in the regulation of 
intracellular signaling,1 vascular tonus and permeability,3 
coagulation cascade and angiogenesis,4 among others. 
One of the main activities of the endothelium is the 
release of autocrine and paracrine substances in response 
to stimuli.2 Injuries to the endothelium trigger an 
inflammatory response with participation of several 
cell types – lymphocytes, monocytes, platelets and 
smooth muscle cells5 – culminating in endothelial cell 
dysfunction, stiffness of vessel wall and atherosclerotic 
plaque formation.6

Endothelial dysfunction is an early, key characteristic 
of development and progression of atherosclerotic plaque 
and subsequent complications. This is characterized 
by a reduced bioavailability of endothelium-derived 
vasodilators, such as nitric oxide (NO), along with a 
relative or absolute increase in available vasoconstrictors. 
Such unbalanced condition impairs the endothelium-
dependent vasodilation, a functional marker of 
endothelial dysfunction.7

At the beginning of atherosclerotic plaque formation, 
endothelial dysfunction is characterized by increased 
expression and release of adhesion molecules, including 
endothelial selectin (E-selectin), intercellular adhesion 
molecule-1 (ICAM-1) and vascular cell adhesion 

molecule-1 (VCAM-1). These molecules are released 
in response to stimuli of inflammatory cytokines, 
bacterial lipopolysaccharides and oxidized low-density 
lipoproteins (ox-LDL). They promote cell-cell and 
cell-extracellular matrix adhesion, leading to foam cell 
accumulation on the subendothelial space,8 increased 
vessel wall thickness and consequent reduction or even 
complete obstruction of vascular lumen.9

Assessment of endothelial function consists of the 
analysis of endothelial cells responsiveness to vasodilator 
or vasoconstrictor stimuli, contributing to advances in the 
understanding of atherosclerosis and possible therapeutic 
targets.2 The methods include in vitro analysis, such as 
culture of endothelial cells, and in vivo analysis, such 
as flow-mediated dilation (FMD), venous occlusion 
plethysmography (VOP) and measurement of serum 
markers. However, none of these methods have been 
currently applied in the clinical setting, due to invasiveness, 
high costs and difficult standardization of the techniques.1

Endothelial dysfunction precedes morphological 
atherosclerotic changes and may contribute to the 
development of lesions and clinical complications. 
Cardiovascular diseases (CVD) are the main cause 
of natural death in the world, including in Brazil. 
Recent data shows CVD accounted for approximately 
30% of deaths in the country. In this context, the use 
of the aforementioned techniques in clinical research 
allows a better understanding of this problem and the 
development of new prevention and treatment strategies 
to decrease morbidity, mortality and also public costs.  
A deep understanding of endothelial dysfunction 
assessment tools by healthcare professionals allows 
the improvement of these techniques and enables the 
transition from clinical research to clinical practice.

Here we describe the most recent methods for the 
assessment of endothelial dysfunction.
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In vitro analysis

Endothelial cell cultures

Culture of endothelial cells has been widely 
described in the literature, especially in studies on 
the effect of oxidative stress and inflammation on 
mobilization and proliferation of these cells in vitro.1 
The yield of endothelial cells culture from peripheral 
blood represents an important step in research on 
circulating angiogenic cells, since these cells were 
firstly isolated for research purpose.

However, the use of cell culture for assessment of 
endothelial function has its pros and cons. The possibility 
of investigating a wide variety of intracellular signaling 
pathways allows the development of different studies, 
with different purposes. For example, the discovery of 
surface markers, monoclonal antibodies, and magnetic 
beads for immunoassays has facilitated the isolation, 
quantification and characterization of endothelial 
cells. However, this process has limitations related to 
phenotypic changes of the cells, dependent on cell cuture 
media and time. Also, the culture of endothelial cells has 
not been fully established as a model comparable to in 
vivo ones.10 Therefore, the protocol for cell culture should 
be carefully prepared, since many growing factors have 
been recognized to stimulate different phenotypes in 
proliferating cells.11

Due to the difficulty in studying the endothelium in 
vivo, several in vitro techniques have been developed.12 
Among these, human umbilical vein endothelial cells 
(HUVECs) have been widely used as a source of human 
endothelial cells, since they are free from pathogens and 
are physiologically more relevant than other available 
lineages.13 Primary HUVECs preserve endothelial cell native 
characteristics, including the expression of specific surface 
markers and intracellular signaling pathways.14

In culture media, HUVECs change from a dispersed 
to a clustered pattern within days of incubation, covering 
most of the bottom surface of the plate.15 Once the plate 
is completed covered, the cells polarize, form tight 
junctions, and finally achieve the cobblestone stage, 
which mimic the in vivo condition.16 HUVECs have 
been used in molecular biology research, contributing 
to advances in the pathophysiology of atheroma plaque 
formation and mechanisms involved in the control of 
angiogenesis and vascularization of affected areas.12,17 

Cultures of HUVECs are applied in studies on cell 
interactions (resulting in analysis of adhesion molecules 
and cytokines), effects of shear rate and oscillatory flow in 
cell signaling (mimicking what occurs in the vessel lumen), 
and allows the discovery of receptors and transcription 
factors involved in the development and progression of 
endothelial dysfunction.18-20 However, caution is needed 
in interpreting the results because of the limitations of 
this method.

In vitro functional studies

In the last decades, different techniques have been 
used to assess endothelial function in vitro including the 
organ bath technique, and myographic recordings, and 
shown to be essential for the discovery of endothelium 
derived relaxing factors (EDRFs). The most widely 
studied EDRF is nitric oxide (NO).21 These studies allow 
the measurement of endothelium-dependent relaxation 
of vascular in response to well-known agonists, such as 
acetylcholine (ACh) and sodium nitroprusside.22

Isolated organ bath is an in vitro technique that 
assesses vascular reactivity in response to agonists, 
yielding a dose-response curve used to investigate 
physiological and pharmacological responses of 
biological preparations isolated from a variety of species 
(rabbit, rat, etc). Tissues and organs used in this method 
include artery and vein rings or strips, atrium, ventricle, 
papillary muscle, diaphragm, fundus of stomach, small 
bowel (duodenum, jejunum, and ileum), trachea, uterus, 
among others. The method aims to mimic an optimal 
physiological condition regarding temperature, aeration 
and nutrients for analysis of these preparations. An 
organ bath system is composed of a double-jacketed 
glass chambers with capacity varying from 5 to 50mL 
connected to a helical warming coil through which the 
nutritive solution is conducted. The warming coil was 
submerged in water maintained at 37°C, which was 
perfused with a peristaltic pump. The isolated organ or 
tissue is maintained in muscle chamber; one end was 
attached to a glass rod connected to an air pump that 
provided aeration of the nutritive solution, and the other 
end was fixed to a lever connected to a force transducer 
by a cotton thread.23,24

From this point on, the experiments have involved 
the cumulative addition of drugs to the muscle 
chamber or electrical stimulation (when the organ was 
mounted between to platinum electrodes connected 
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to an electrical stimulator), resulting in contraction or 
relaxation of the muscle studied. Changes in tension are 
recorded by myographs (kymograph, physiography or 
digital system),1 that register the intensity and kinetics 
of different contraction stages (velocity, frequency 
or decay). Dose-response or stimulus-response 
curves are generated from the experimental results.23 
Displacement of the dose-response curve shifts to the 
right indicates impairment of EDRF/NO release in the 
endothelium.25

The organ bath technique is hence an important 
method for enabling the control of experimental 
conditions – nutritive solution, temperature, etc. – and 
isolation of endothelial function elements by using, 
for example, endothelial nitric oxide synthase (eNOS) 
inhibitors (e.g. L-NAME). Other advantages of the 
method include a relatively simple preparation, which 
allows the analysis of simultaneous preparations; the 
possible use of electrical stimulation; and an accurate 
quantification of the response.23 

One disadvantage of this method is the fact that its use 
is restricted to animal experimental studies, due to ethical 
considerations regarding the required availability and 
amount of human samples, and to the variability of patients’ 
responses to controlled events. Another one is the necessity 
to use relatively large tissue samples (>1 mm diameter), 
which limits the assessment of smaller diameter vessels.23 

Although this has been the most widely used method for 
endothelial function assessment in animal models, one 
major limitation is to not distinguish the biological processes 
occurring in the vessel lumen and outside the blood vessel.

In vivo analysis

Flow-mediated dilation (FMD)

There is strong evidence supporting that the 
detection of brachial artery endothelial dysfunction is an 
important indicator of systemic endothelial dysfunction.26 
Vascular function can be measured by several methods, 
including invasive and non-invasive techniques.27

Invasive techniques consist mainly of intra-arterial 
administration of compounds that stimulate NO release, 
which induces dilation of vascular beds in healthy subjects. 
In this situation, detection of vasoconstriction may indicate 
endothelial dysfunction.28 Nevertheless, the invasive 
nature of these techniques unables their use in the general 

population and, for this reason, non-invasive methods 
could be more practical and more accessible alternatives 
for measurement of vascular function.27

Among the non-invasive techniques for assessment 
of vascular function, the most important, and most 
commonly used combines arterial imaging (especially 
of brachial artery) in response to reactive hyperemia, 
causing a flow increase and expected endothelium-
dependent dilation.22,27 In this method, an arterial 
occlusion cuff is inflated for occlusion of arteries in the 
distal hand or distal forearm, followed by deflation 
allowing vasodilation in response to reactive hyperemia 
in distal and proximal vascular beds, which is mediated 
by release of endothelial factors, such as NO.29 NO 
induces increased shear stress and dilation, resulting in 
increased flow in the proximal artery.22 Such response is 
known as flow-mediated dilation (FMD). The method 
involves ultrasound arterial imaging in two conditions, 
at rest (baseline) and during reactive hyperemia (after 
a five-minute arterial occlusion).27,30 

Brachial FMD is an indirect measure of NO release 
by the endothelium due to a transient flow stimulus.31 
Dependence of FMD on NO was demonstrated by 
intra-arterial infusion of NG-monomethyl-L-arginine 
(L-NMMA), a specific eNOS inhibitor, which decreased 
arterial dilation by approximately 66% in response to 
shear stress.32

A proportional relationship between the magnitude 
of dilation and endothelial function has been suggested.22 
Impaired FMD is one of the early, reversible manifestations 
of vascular disease, and may be an important indicator of 
endothelial damage.33 In addition, endothelial dysfunction 
detected by FMD can potentially predict a risk factor even 
in the absence of coronary diseases.26,34 Assessment of 
FMD has been proposed as a method with potential 
clinical applicability in the identification of risk factors for 
cardiovascular events, even in asymptomatic patients.35

Furthermore, measurement of FMD can stratify 
individuals at low, moderate or high risk for future 
cardiometabolic events.31 Gokce et al.36 have suggested 
that impaired FMD has long-term prognostic value and 
that the technique may be used to influence therapeutical 
strategies on a particular patient. In this context, studies 
have demonstrated an association between impaired 
FMD and risk factors for cardiovascular events.34-36

In methodological perspectives, some aspects should be 
taken into account in assessing FMD. Due to variations in 
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dilation between post-prandial periods, particularly after 
high fat meals and fasting periods, or during menstrual cycle, 
it is recommended that FMD be assessed during fasting and 
at the same menstrual cycle phase (folicular phase).33

However, similar to other methods, FMD has a few 
limitations that should be considered. First, the lack 
of standardization and variations in cuff placement or 
positioning make comparison of results difficult. Besides, 
in some situations, the degree of reactive hyperemia may 
vary even under the same stimulus. Also, changes in the 
structure of blood vessels and impaired dilation may 
be limiting factors during FMD assessment.1 It is worth 
pointing out that the method is highly observer-dependent, 
which may lead to different FMD values.

Laser Doppler flowmetry (LDF)

LDF is an excellent method for measuring skin 
microcirculation.37,38 The method is based on the 
direction of a laser light beam to a tissue sample at a 
known frequency and measurement of the Doppler shift 
that arises in light that has been scattered by moving 
red blood cells.22 LDF has been widely used because 
of its non-invasiveness, simplicity and possibility of 
continuous measurement.37 LDF does not provide a 
direct measurement of blood flow, but rather an index 
of cutaneous perfusion.

The technique is based on diffusion and refraction of a 
monochromatic light beam. The light has its wavelength 
changed (Doppler effect) after being scattered by moving 
red blood cells.38 The frequency and size of this effect 
are associated with velocity and amount of red blood 
cells. The wavelength commonly used in laser-Doppler 
flowmeter is 780 nm, which can penetrate into the skin 
regardless of color or oxygen saturation.38,39

When combined to other techniques, such as the 
infusion of vasoactive substances, iontophoresis of small 
charged molecules and techniques that induce reactive 
hyperemia, LDF has been used to determine changes in 
skin microcirculation at real time.22 For example, LDF 
combined with the intradermal administration of ACh by 
iontophoresis induces endothelium-dependent dilation 
that allows quantification of local blood flow.40

LDF has good precision in quantifying rapid changes 
in cutaneous blood flow. However, the characteristic 
heterogeneity of the tissue, due to differences in anatomy, 
causes spatial variability that leads to a relatively low 
reproducibility of the method. On the other hand, the use 
of integrated probes may reduce spatial variability and 

increases in reproducibility.38 Another advantage of this 
technique is its non-invasiveness; even when combined 
with intradermal infusion, the method is relatively safe 
due to the small amount of drug infused. LDF is less 
challenging than FMD, but has good clinical potential 
for assessment of vascular health.22

Venous occlusion plethysmography (VOP)

VOP has been studied for more than 90 years, and 
its primary objective was to evaluate blood flow in the 
organs.41 Today, VOP is widely used in the evaluation of 
endothelial function, in the assessment of the autonomic 
nervous system that regulates blood flow, and the 
vasodilation response to several stimuli, such as exercise 
and stress.41,42 For its easy applicability, VOP has been 
widely used in in vivo studies on vascular physiology 
in humans, both in healthy individuals and in several 
disease conditions.43

VOP is a non-invasive method that involves inflation 
of the upper arm cuff to a pressure lower than systolic 
pressure. Usually, an inflation pressure of around 
40 mmHg is used for intervals of approximately 
10 seconds, followed by 5 seconds of deflation, during 
2-3 minutes44,45

The inflation pressure used is sufficient to arrest 
venous return without impairing arterial flow towards 
the forearm, causing a linear increase in blood flow to 
the limb. This is measured by a strain gauge, which 
detects any change in tissue volume, placed in the point 
of maximal circumference of the forearm.43

At resting conditions, blood flow in the forearm is 
divided into 70% in striated skeletal muscle and 30% in the 
skin. There are multiple arteriovenous communications 
in the hand related to skin supply. To avoid that such 
blood supply affects the measurement of forearm blood 
flow, a wrist cuff is inflated to suprasystolic pressure just 
before flow measurement.42,43,46,47 

Vessel responsiveness is assessed by evaluation of 
volume changes in the limb in response to stimuli, which 
can be a mechanical stimulus that promotes reactive 
hyperemia, or a chemical stimulus via administration 
of vasoactive compounds (invasive technique). 
A decreased or impaired response may be an evidence 
of endothelial dysfunction,48 which is considered a critical 
factor for the development, progression and complications 
of coronary artery disease.49 Preserved endothelial 
function acts as an important regulator of vascular 
inflammation and remodeling.43,47,48,50
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Endothelium-dependent vasodilation can be 
measured by reactive hyperemia which is induced 
by inflation of a forearm cuff as described above. 
The stimulus triggers the release of vasodilators, 
particularly NO, in the microvasculature, and increases 
flow velocity. The shear stress resulting from the 
friction of blood against the wall of the vessel promotes 
vasodilation. The cuff is rapidly deflated and changes 
in the vessels are measured.50 This response can also be 
measured by administration of ACh, which is an agonist 
of muscarinic receptors located on the endothelium, 
and used in the assessment of endothelium-dependent 
vasodilation. Usually, increasing doses of ACh are 
administered during 5 minutes and the forearm blood 
flow is measured (as mL.100mL–1.min–1) in the last two 
minutes of infusion.43,47

Endothelium-independent vasodilation is evaluated 
by the infusion of vasoactive substances that act as NO 
precursors, such as sodium nitroprusside, for example. 
Vascular changes will be detected by strain gauges, which 
confirm whether an adequate response has occurred. 
When the response is consistent with the stimulus, the 
endothelial function is preserved.43

Invasive VOP, i.e., involving intra-arterial infusion 
of vasoactive substances, is considered a gold standard 
tool for analysis of vascular behavior, but is largely 
impractical in the clinical setting.

Pulse wave velocity (PWV)

At the end of ventricular ejection, a pressure wave 
propagates from the heart to the periphery at certain 
velocity. This velocity is named PWV.51 Some authors 
have defined PWV as the distance traveled by blood 
flow divided by the time taken to travel that distance 
(in meters/second).52

PWV has been used as an important marker of 
cardiovascular risk.53 The lower the PW, the more elastic 
and healthier the vessel. However, increased arterial 
stiffness is related to increased propagation of pulse 
waves in the aorta and large vessels, and early return 
of pulse waves from the periphery.54 Pulse waves are 
normally reflected at discontinuities throughout the 
arterial tree, and retrograde waves are generated in the 
ascending aorta. This early return in the end of systole 
causes a cardiac overload.51

The association between arterial stiffness and risk 
factors such as coronary artery disease, diabetes mellitus, 
arterial hypertension, diastolic function and age has 

been well established.51 PWV values are lower in healthy 
young individuals, but increases with age, as the elastic 
properties of blood vessels decrease.55 The cutoff value 
of PWV for prediction of cardiovascular events is still 
controversial, but a value greater than 12 m/s has been 
suggested as indicator of cardiovascular risk.51

Technical differences exist between the methods 
for PWV measurement. However, the carotid-femoral 
relation has been considered the gold standard in the 
literature, for its non-invasiveness and for expressing 
PWV values directly related to the aorta artery.56-58 
The method is performed with the individual in the 
supine position, and two transducers are used for the 
measurement, one is placed on the right common carotid 
artery and one on the right femoral artery. The difference 
between the time for the onset of carotid pulse wave and 
femoral pulse wave, and the distance between the two 
transducers are used to calculate PWV.51,57,58

Another method that has been widely recommended 
for pulse wave analysis is applanation tonometry. 
This technique is used to estimate aortic pulse wave 
from the common carotid artery or the radial artery 
pulse waves. However, as radial artery is supported by 
a bony structure, which makes the measurement easier, 
radial artery tonometry has been the most commonly 
recommended approach. A transducer is placed on the 
skin at protruding parts of the vessel to record pressure 
wave signals, and then a transfer function is applied to 
calculate aortic pressure wave.57

Since arterial stiffness is a strong evidence of 
cardiovascular disease, analysis of pulse wave in the 
clinical practice may identify changes that might be 
related to vascular health, even before the occurrence of 
signs and symptoms.58

Limitations of the method are related to associated 
comorbidities, including metabolic syndrome, obesity 
and diabetes, which may affect the femoral pulse wave 
recordings. Besides, men with abdominal obesity 
and women with large breast size can cause errors in 
distance measurements.57

Serum markers of endothelial dysfunction

Biomarkers are analytic tools used in the analysis of 
biological parameters. In 2001, the National Institutes of 
Health Biomarkers Definitions Working Group defined 
a biomarker or biological markers as “a characteristic 
that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic 
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processes, or pharmacologic responses to a therapeutic 
intervention”. Today, biomarkers have been used in: 
1) identification of individuals at high cardiovascular 
risk; 2) fast and accurate diagnosis of diseases;  
3) effective prognosis and treatment. Regardless of its 
purpose, a biomarker has clinical relevance when it is 
accurate, standardized and reproducible, appropriate 
for the patients' condition, of easy interpretation 
by clinicians, and if it has high sensitivity and/or 
specificity for the parameter it proposes to identify.59

Advantages of the use of serum biomarkers in the 
assessment of endothelial function include simplicity of 
the procedures and the fact that samples of venous blood 
are widely used in laboratory routine. The use of these 
biological markers in the prognosis and/or diagnosis of 
vascular diseases is most common at initial stages, but 
this is an area of great potential.1

Cell adhesion molecules (ICAM-1, VCAM-1 and 
E-selectin)

Endothelial cells play a key role in the transport of 
another cell types and metabolic substrates between 
blood and interstitial space, including a complex 
signaling system that regulates innate immune responses 
in the vascular bed. When these cells are activated by 
pro-inflammatory stimuli, such as bacterial endotoxins, 
interleukin 1B (IL-1B), tumoral necrosis factor alpha 
(TNF-α), C-reactive protein (CRP), and ox-LDL, or by 
blood flow-related hemodynamic forces, the expression 
of adhesion molecules is increased and, thus, are 
considered early markers of endothelial activation and 
systemic inflammation.60

Transendothelial migration of leukocytes is regulated 
by soluble cell adhesion molecules, such as ICAM-1, 
VCAM-1 and E-selectins. ICAM-1 is a member of the 
immunoglobulin supergene family and ligand for the 
β2 integrin molecules present on leukocytes,61 and is 
highly expressed in endothelial cells and subendothelial 
macrophages.62 ICAM-1 mediates a number of cell-cell 
interactions, including adhesion and transmigration of 
leukocytes to the vascular endothelial wall. Data from the 
literature support the hypothesis that ICAM-1 expression 
activates endothelial cells and leads to inflammation, 
which, in turn, are important steps for the initiation and 
progression of atherosclerosis.63

VCAM-1 also belongs to the immunoglobulin 
supergene family and is ligand to the very late antigen-4, 
a β-integrin found on the surface of mononuclear cells.64 

VCAM-1 expression is restricted to endothelial cells and 
occasional fusiform cells. In contrast to ICAM-1, which is 
produced in low concentrations, VCAM-1 is not expressed 
on healthy endothelial cells.62 It has been suggested that 
VCAM-1 expression may result in endothelial activation, 
as it increases the recruitment of monocytes and improves 
the monocyte-endothelial interaction in the initial steps of 
the atherosclerotic lesion formation.65

E-selectin, a molecule belonging to the family of 
C-type lectins, is probably the most specific endothelial 
activation marker.66,67 Its expression is restricted to vascular 
endothelium and induced by inflammatory cytokines.  
This adhesion molecule is involved in leukocyte 
recruitment to inflammation sites, and participates in slow 
leukocyte rolling in inflamed venules.67

Inflammatory markers

Recent evidence has demonstrated that inflammation 
is closely related to the pathogenesis of atherosclerosis 
and its complications. CRP, CD40 ligand (CD40L), IL-18, 
monocyte chemotactic protein 1 (MCP1), among others, 
are inflammatory markers that result in endothelial 
activation.68 There is also strong scientific evidence 
that inflammatory activation is an important pathway 
involved in the development and progression of 
atherosclerosis. The inflammatory cascade is involved 
in the entire process of plaque formation, from the early 
stages of endothelial dysfunction to the development of 
acute coronary syndromes.69

Interleukin-18 (IL-18)

IL-18, a member of the IL-1 cytokine family, is highly 
expressed in atherosclerotic plaques and found mainly 
in macrophages. IL-18 promotes the increase of adhesion 
molecule expression in vascular endothelium and, for this 
reason, increased IL-18 expression is directly associated with 
the development of endothelial dysfunction.68

C-reactive protein (CRP)

CRP is a circulating pentraxin consisting of five 
identical subunits arranged as a cyclic pentamer that has 
an important role on human innate immune response.70 
Research of the last twenty years have suggested that CRP 
may have proatherosclerotic effect, and directly affect 
adhesion molecule expression and fibrinolysis, thereby 
participating in inflammatory process of endothelial cells 
and development of endothelial dysfuntion.71-73
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These studies have demonstrated that CRP promotes 
endothelial activation by expression of ICAM-1, VCAM-1, 
E-selectins and MCP-1, and activates macrophages to 
express cytokine and tissue factor, leading to enhanced LDL 
uptake by other lipoproteins.73 In addition, CRP negatively 
modulates the production of endothelium-derived 
vasoactive factors, especially NO, which is the main 
regulator of vascular homeostasis. This process may 
facilitate endothelial cells apoptosis and attenuate important 
compensatory mechanisms to angiogenesis.71

Besides, CRP may stimulate the production of 
endothelin-1 (ET-1), a powerful endothelium-dependent 
vasoconstrictor, and IL-6, a key proinflammatory 
cytokine.72 These data corroborate the hypothesis that 
CRP is a predictor of atherosclerosis and vascular death. 
CRP serum concentrations may reflect endothelial health, 
since this protein has the potential to change endothelial 
cell phenotype, and contribute to lesion formation, 
plaque rupture and coronary thrombosis. Therefore, CRP 
acts not only as an inflammatory biomarker, but also as 
a mediator of vascular disease.60

CD40 ligand (CD40L)

CD40L, found either in free or soluble form, is a 
type II transmembrane protein belonging to TNF 
superfamily, involved in a pathophysiologic pathway 
closely related to inflammation and atherogenesis.74 
Most circulating CD40L is expressed in platelets, which 
are not only critical elements for homeostasis, but also 
have the potential to trigger an inflammatory response 
in the vascular wall.75 Once activated, platelets promptly 
express CD40L, which, in turn, induces endothelial cells 
to secrete chemokines and to express adhesion molecules, 
thereby promoting the recruitment and extravasation of 
leukocytes at the site of injury.76 

CD40L can be quickly released from the platelet 
membrane as a soluble form. Both forms have 
prothrombotic and proinflammatory effects, enhancing 
platelet activation and aggregation, and platelet-
leukocyte and leukocyte-endothelium conjugation. 
CD40L also increases the release of reactive oxygen 
species (ROS) and nitrogen from stimulated platelets.77 In 
summary, CD40L activation system promotes a chronic 
inflammatory state in the vascular wall, contributing 
to the development of endothelial dysfunction, 
atherogenesis and respective complications.74

Monocyte chemotactic protein 1 (MCP-1)

Monocytes adhered to the vascular wall due to the 
effect of cell adhesion molecules transmigrate from the 
endothelium into the tunica intima, the innermost layer 
of the arterial wall. This monocyte migration is mediated 
by a concentration gradient of MCP-1, via interaction 
with the monocyte receptor CCR2. In the arterial intima, 
monocytes develop into macrophages and begin to 
express scavenger receptors, such as SR-A, CD36, 
and LOX-1, that internalize modified lipoproteins. 
This process gives rise to macrophages or foam cells 
that act in lipid transportation, which characterize early 
atherosclerotic lesions.78

MCP-1 induces the recruitment of monocytes 
after endothelial lesion, and this lesion seems crucial 
for the expression of MCP-1 in adherent platelets. 
Therefore, MCP-1 expression after vascular lesion is a 
highly specialized mechanism and exerts a key role in 
vascular remodeling in injury. Measurement of plasma 
MCP-1 may reflect the degree of endothelial dysfunction.78

Circulating endothelial cells (CEC) and endothelial 
microparticles (EMP)

Endothelial function reflects the balance between 
vascular endothelial lesion and repair. Based on this 
relationship, measurement of mobilization of mature 
endothelial cells and derived microparticles has been 
performed to estimate the endothelial injury degree. 
Circulating endothelial cells (CEC) are detached in 
activation or loss of integrity of vascular endothelium, 
and may be measured by flow cytometry or fluorescence 
microscopy. Once endothelial apoptosis begins, there is 
an abrupt increase in calcium release from sarcoplasmic 
reticulum, changing the status of the resting cell 
membrane.54 Data in the literature have suggested a 
direct relationship between increased CEC levels in 
peripheral circulation and the extent of endothelial 
lesion in patients with atherosclerotic disease and 
vascular inflammation.78

Endothelial microparticles (EMP) are small vesicles 
that are released from the membrane of activated or 
injured CEC cells in response to activation and/or 
apoptosis.78 Once released from the cells of origin, 
EMP express on their surface adhesion molecules, 
enzymes, receptors, and constitutive antigens,53 
whose composition may characterize the endothelial 
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progenitor cells. Normally, there is a local, slight, 
reversible endothelial activation, i.e., when the 
endothelium in the basal state starts to express cytokines 
and adhesion molecules, triggering inflammatory 
mechanisms, and circulating EMP are rarely found. 
Increased EMP levels have been found in a variety of 
conditions associated with endothelial activation or 
apoptosis.66 suggesting a direct relationship of EMP 
with thrombogenesis and atheroma plaque formation,55 
and involvement of these molecules in inflammation, 
vascular injury and angiogenesis.54

Myeloperoxidase (MPO) and Reactive oxygen 
species (ROS)

MPO, a member of the heme peroxidase superfamily, 
is an enzyme released from activated neutrophils, 
monocytes, and tissue macrophages, that catalyzes ROS 
formation.60 In addition to its activity against infectious 
diseases, MPO has been also recognized for its role 
in the onset and progression of atherosclerosis.7,79 
MPO can bind to glycosaminoglycans in the vascular 
walls and impair the release of endothelium-derived 
NO leading to local endothelial function.7

Products of MPO activity, such as hypochlorous acid, 
tyrosyl radical and nitrogen dioxide reacts with hydrogen 
peroxide and may contribute to oxidative damages in lipids 
and proteins in the body. Therefore, literature corroborates 
the idea that MPO levels may predict the development 
of endothelial dysfunction and coronary artery disease.  
Low MPO levels and certain specific MPO polymorphisms 
have been described as cardioprotectors.60,79

Although oxidative stress may promote endothelial 
dysfunction by numerous mechanisms, the main pathway 
involves the reduction in NO bioavailability. In certain 
circumstances, a chronic ROS production may exceed 
enzymatic and non-enzymatic antioxidant capacity, leading 
to an increase in oxidized biomolecules and associated 
tissue damage. Evidence has suggested that oxidative 
stress has a central role in atherogenesis, probably via 
development and progression of endothelial dysfunction.66

Vascular endothelial growth factor (VEGF)

VEGF, also known as vascular permeability factor, is 
widely known for its role in angiogenesis, promoting 
the proliferation and migration of endothelial cells, 
and increasing vascular permeability. It is produced 
by different cell types, including endothelial cells. 

VEGF binds mainly to cell surface receptor tyrosine 
kinases named VEGFR-1, VEGFR-2 and VEGFR-3.80 
Concerning the assessment of endothelial function, 
VEGFR-2 stands out among these receptors due 
to its expression restricted to vascular endothelial 
cells. It also has an important role in cell migration, 
endothelium-dependent vasodilation and angiogenesis.

VEGFR-2 activation occurs by its binding to VEGF 
or by increased blood flow shear rate, which triggers 
a signaling cascade and consequent activation of the 
MEK-MAPK pathway (proliferation and migration), 
the PI3K–Akt pathway (survival), and the Src–eNOS 
pathway (permeability). In adults, VEGFR-2 is 
physiologically detectable in low amounts in the 
blood. In adverse conditions, such as tumoral growth, 
injury repair, and inflammatory diseases, VEGFR-2 
participates in the local revascularization process.80 

Others

Ox-LDLs are proinflammatory, immunogenic 
molecules that may affect a great variety of atherosclerotic 
processes, from early events, such as adhesion molecule 
expression and activation of the immune system, to late 
events, such as platelet aggregation and destabilization 
of the atherosclerotic plaque.7 Ox-LDL is produced by 
oxidative processes during LDL migration through 
blood vessel walls, and has been suggested as a marker 
of endothelial dysfunction and atherogenesis.68

Another endothelial function marker is free fatty 
acids (FFAs). FFAs may enhance ROS levels by increased 
cytokine production in mononuclear cells. In addition, 
FFAs may induce the activation of proinflammatory NF-kB 
pathways in human endothelial cells. Because to these 
characteristics, FFAs are considered an early biomarker 
of endothelial lesion and atherosclerosis, with important 
implications for the prevention and treatment of 
cardiovascular diseases.60

Procoagulant consequences of endothelial activation 
can be measured by changes in the balance between tissue 
plasminogen activator (tPA) and its endogenous inhibitor, 
plasminogen activator inhibitor-1 (PAI-1). Von Willebrand 
factor, a glycoprotein extensively produced in activated 
endothelium, has an additional role in the activation 
of cells and platelets, and induction of coagulation.  
In addition, fibrinogen may also be considered an 
endothelial function biomarker. This glycoprotein, 
synthesized mainly in hepatic cells and megakaryocytes, 
may bind to glycoprotein (GP) IIb/IIIa surface proteins 
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and for bridges to platelets. Fibrinogen stimulates 
migration of smooth muscle cells and platelet aggregation 
and increases blood viscosity; hence, it is associated with 
development of atherosclerosis.66

Conclusion

Evidence has shown the importance of endothelial 
dysfunction for the development and progression of 
cardiovascular diseases. Numerous in vivo or in vitro, and 
invasive or non-invasive methods have been used for 
the investigation of endothelial function. Although these 
techniques have been widely used in the clinical research, 
these methods cannot be used for diagnostic purposes due 
to their invasiveness, high cost and difficult standardization. 
Therefore, further studies and investments in the field are 
suggested to make these methods applicable in the clinical 
practice and, hence, minimize public health problems 
related to cardiovascular diseases by means of an early 
diagnosis of endothelial dysfunction.

Limitations

The present study is a narrative review of the literature 
and, for this reason, does not present a well-established, 
reproducible methodology. Identification, selection, 
analysis and interpretation of the studies reviewed were left 
to the authors’ discretion. However, it is worth highlighting 
that the aim of this review was to provide an update of 
current methods used for the assessment of endothelial 
dysfunction and to point out new perspectives in this field.
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Introduction

Patients with end-stage chronic kidney disease 
without mature arteriovenous fistula frequently require 
central venous access for dialytic therapy. More than 
15 percent of patients who receive these catheters have 
complications such as infection, arterial puncture, 
thrombosis and pneumothorax.1 Infective endocarditis 
(IE) is a rare and serious complication with high 
morbidity and mortality. Right-sided endocarditis is 
uncommon due to low hemodynamic pressure, but 
patients using central venous catheters have an increased 
risk.2 The correct therapeutic approach whenever there is 
no valvar involvement is not well defined. We report a 
case of interatrial septum endocarditis caused by candida 
sp., associated to the prolonged use of catheter.

Case Report

A 49-year-old chronic dialysis female patient, 
with tunneled catheter due to multiple episodes of 
arteriovenous fistula malfunction, was sent from the 
dialysis clinic to emergency department. She had 
presented with fever and chills during dialysis sessions 
in the previous week. She also had dyspnea, dry cough 
and nausea.

At admission, she had a central venous catheter 
placed at the right subclavian vein with flogistic signs. 
Cardiovascular examination was normal, without 
murmur. There was no other relevant information in the 
physical examination.

Blood tests showed altered CBC (hemoglobin 
9.6 mg/dL, leucocytes 3400 - 8.5% young forms) 
and positive inflammatory tests (C - reactive protein 
26.2 mg/dL, reference level < 4 mg/dL). Cultures were 
positive for candida parapsilosis.

Chest X-ray showed no changes in lung parenchyma. 
A venous catheter was placed in the right atrium/inferior 
vena cava. There were no relevant alterations in the 
ECG. Transesophageal (TE) Echocardiogram (Figure 1) 
showed normal left and right ventricle and left atrium. 
The right atrium had a catheter inside, and a mobile image 
of 1.5 x 1.2 cm within the inferior vena cava, close to the 
catheter tip adhered to interatrial septum.

Since there was no valvar involvement, the heart 
team decided not to submit the patient to heart surgery. 
Antibiotic therapy was started with Amphotericin B 
and changed to Fluconazole after a fungal susceptibility 
test was performed. Control echocardiography after 
two weeks showed regression of the vegetation size. 
The patient was discharged with a prescription for 
oral Fluconazole 800 mg for dialysis days (three 
times a week). After three months, the patient was 
asymptomatic and control TE echocardiogram 
(Figure 2) did not show vegetation. Thus, antifungal 
treatment was suspended.

Discussion

IE is significantly more common in hemodialysis 
patients than in the general population.3 The use of a 
central venous catheter (either permanent or temporary) 
increases that risk.4

In patients on chronic HD, IE affects mainly native 
valves and only a small percentage of cases (20%) 
are seen in prosthetic valves.4 It usually involves 
the left side of the heart, but patients using central 
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Figure 1 – Transesophageal echocardiogram showing a mobile image (T) of 1.5 x 1.2 cm adhered to interatrial septum, close to the catheter (C) tip. 
IVC: inferior vena cava; LA: left atrium; RA: right atrium; RV: right ventricle; LV: left ventricle; S: septum.

Figure 2 – Control transesophageal echocardiogram performed three months after diagnosis showing complete regression of the thrombus. 
S: septum; LA: left atrium; RA: right atrium; SVC: superior vena cava.
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venous catheters have increased risk of developing 
right-sided IE due to mechanical injuries during 
guidewire insertion and forceful injection through 
the catheter.2 Right-sided IE represents 5-10% of all 
IEs, and is classically related to intravenous drug 

use.5 IE affecting the interatrial septum is even less 

common and has only been described in association 

to prosthetic devices, such as valves and patches.6  

As far as we know, this was the first case described of 

catheter-related interatrial endocarditis.
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Common microorganisms causing IE in HD patients are 
staphylococcus aureus, enterococcus and streptococcus. 
Gram-negative species are rarely found, and fungal 
agents are even rarer.5-7

Our patient had no heart murmur and no embolic 
or immunologic signs of endocarditis, making the 
diagnosis challenging. Especially in dialytic patients 
with long term venous catheters, the diagnosis 
of right sided endocarditis requires a high rate of 
suspicion. It is imperative that patients with long 
term catheters have the catheter’s tip placed correctly 
in the superior vena cava, confirmed by imaging, in 
order to avoid complications.

There is no specific guideline recommendation 
for the treatment of IE without valvar involvement, 
so we chose not to operate on the patient even in 
the presence of fungal infection. We maintained 
antifungal therapy for approximately 4 months, and 
the drug was suspended after confirming complete 
regression of the lesion with TE echocardiogram. 
Removal of the permanent catheter in this situation 
is highly recommended.8
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Introduction

Takotsubo’s syndrome is a cardiomyopathy 
characterized by transient left ventricular dysfunction. 
This condition is often described in postmenopausal 
women secondary to physical or emotional triggers.1 The 
clinical behavior mimics an acute coronary syndrome. 
However, angiography shows no obstructive epicardial 
coronary artery disease.2

This syndrome is considered a reversible cardiomyopathy.3 
However, patients with Takotsubo cardiomyopathy have 
risk of serious complications, such as cardiogenic shock, 
ventricular tachycardia and ventricular thrombus.4

Takotsubo’s syndrome has been described as a 
possible complication of cardiac surgery.5 We report a 
case of Takotsubo’s syndrome with ECMO requirement 
for refractory cardiogenic shock. This is the first case after 
atrial myxoma surgery.

Case Report

A 72-year-old woman with atrial myxoma was referred 
to our hospital. She had no history of cardiovascular 
disease. Two months previously, she had an onset 
of progressive dyspnea, so an echocardiogram was 
requested. It showed a mobile left atrial mass which 
prolapsed into the mitral valve during diastole causing 
mild restriction to ventricular filling. Left ventricular 
ejection fraction was preserved. Cardiac magnetic 
resonance was performed. Left atrium presented a mobile 

mass attached to the interatrial septum at the level of the 
fossa ovalis. It presented heterogeneous late gadolinium 
enhancement. These features were consistent with left 
atrial myxoma (Figure 1A).

Given these findings, heart surgery was indicated. 
Previously, coronary angiography was performed. 
There was no obstructive epicardial coronary artery 
disease. Resection of left atrial myxoma with reconstruction 
of the atrial septum was performed. Cross-clamp time 
was 72 minutes and bypass time was 101 minutes. 
No intraoperative complications were reported. 
Intraoperative transesophageal echocardiogram revealed 
normal left ventricular ejection fraction.

During the immediate postoperative period, moderate 
doses of norepinephrine were administered due to post 
cardipulmonary bypass vasoplegia. Invasive monitoring 
showed cardiac output of 7 L/min, cardiac index of  
3.5 L/min/m2 and systemic vascular resistance of  
500 dyn-s/cm5. On the second postoperative day, 
the patient reported sudden midsternal chest pain.  
An electrocardiogram scan showed nonsustained 
ventricular tachycardia and ST segment elevation in leads 
V3-6 (Figure 1B). An echocardiogram scan demonstrated 
severe left ventricular systolic dysfunction with hypokinesis 
in the mid and apical segments and hyperkinesis in 
basal segments (Figure 2A). Emergency coronary 
angiography was performed, revealing normal coronary 
arteries and left ventriculogram showed the typical 
apical ballooning. High-sensitive cardiac troponin 
T levels were 500 pg/ml (reference value: less than  
15 pg/ml) and pro-brain natriuretic peptide levels peaked 
at 33000 pg/ml (reference value: less than 350 pg/ml).

Subsequently, the patient developed low cardiac 
output. High doses of inotropes (norepinephrine:  
2 micrograms/Kg/min; epinephrine: 1.5 micrograms/
Kg/min; dopamine: 20 micrograms/Kg/min) were 
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Figure 1 – 1A. Cardiac magnetic resonance. 4-chamber image shows mobile left atrial mass (50x40x24 mm), which prolapsed into the mitral valve 
during diastole. 1B. Electrocardiogram shows ST segment elevation in leads V3-4-5-6.

Figure 2 – 2A. Transthoracic echocardiography. 4-chamber view shows severe left ventricular dysfunction with apical hypokinesis. 2B. Transthoracic 
echocardiography. 4-chamber view reveals recovery of left ventricular function and apical thrombus.
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required. Due to the refractory cardiogenic shock, 
therapy with femoral vein–to-axillary arterial ECMO 
was placed as a bridge-to-decision or myocardial 
recovery. After the fifth day, hemodynamic parameters 
improved significantly (cardiac index of 3 L/min, mean 
arterial pressure of 65 mmHg and pulmonary wedge 
pressure of 10 mmHg) with low doses of norepinephrine 
(0.1 micrograms/Kg/min). A new echocardiogram 
revealed improvement of left ventricular ejection fraction 
and apical thrombus despite adequate intravenous 
anticoagulation (Figure 2B). Regarding echocardiogram 
data and hemodynamic improvement, ECMO weaning 
was achieved uneventfully and subsequently removed. 

Before discharge, transthoracic echocardiogram 
revealed recovery of left ventricular function and no 
apical thrombus was evidenced.

Discussion

Takotsubo’s syndrome was first described in Japan 
in 1990 by Sato et al.6 The pathogenesis of this reversible 
cardiomyopathy is not clear. Several hypotheses have been 
proposed: coronary spasm, microvascular dysfunction 
and catecholamine-mediated myocardial stunning. 
Female hormones seem to have a protective effect.  
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This explains why this cardiomyopathy is most frequent 
in postmenopausal women. In most cases, the Takotsubo 
syndrome is associated with emotional or physical triggers. 
Activation of the sympathetic system by a stressful event 
increases serum catecholamine levels.7 Abraham et al.8 
reported nine cases of Takotsubo’s syndrome after 
administration of epinephrine and dobutamine.

In our case, the Takotsubo cardiomyopathy was 
precipitated mainly for two reasons: 1) cardiac surgery 
involves physical stress; 2) inotropic support in the 
perioperative period.

Takotsubo’s syndrome has been described as a 
possible complication of cardiac surgery.5 There are only 
few cases reported in the literature. All cases developed 
after mitral valve surgery.9 We describe the first case of 
Takotsubo cardiomyopathy after atrial myxoma surgery.

Coronary embolism, coronary atherosclerotic plaque 
rupture and deficient myocardial protection were 
also considered plausible diagnosis of acute ventricular 
dysfunction after cardiac surgery.

Left ventricular ejection fraction assessment in the 
operating room showing normal function and high 
cardiac output during the first 48 hours ruled out the 
possibility of deficient myocardial protection.

Regional wall motion abnormalities extended beyond 
the distribution of an epicardial coronary vessel and 
myocardial dysfunction was transient. In addition, there 
was no obstructive coronary disease on angiography 
and no pathologic Q-waves on electrocardiogram. 
Coronary embolism and coronary atherosclerotic 
plaque rupture were ruled out. These findings support 
Takotsubo cardiomyopathy as final diagnosis.

In addition, major complications have been associated 
with this disease. Templin et al.4 have reported 7.1% risk 
of major cardiovascular and cerebrovascular events 
during the first 30 days after admission. Patients with 
this disease have risk of other serious complications 
such as cardiogenic shock, ventricular tachycardia, 
ventricular thrombus and ventricular rupture.4 
Our patient developed three major complications: 

cardiogenic shock, ventricular tachycardia and 
ventricular thrombus. In our case, heart failure was 
refractory to inotropic therapy, so ventricular assist 
device was employed. Venoarterial ECMO allows 
hemodynamic support in patients with refractory 
cardiogenic shock. In this case, this device was an useful 
therapeutic tool as a bridge to myocardial recovery.10

Conclusion

We believe that this is a new case of postoperative 
Takotsubo’s syndrome. It is very important to consider 
Takotsubo’s syndrome as differential diagnosis in 
patients with acute heart failure in the immediate 
postoperative cardiac period. Early implantation of a 
ventricular assist device allowed adequate hemodynamic 
support until myocardial recovery.
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