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Foreword

This thesis is organized in six main chapters.

Chapter 1 includes a general introduction to the knowns and unknowns of diastolic function across 

the several stages of the cardiovascular continuum including the determinants, methods of evaluation and 

prognostic implications. The role of diastolic dysfunction as an early step in the progression to heart failure 

is also discussed, particularly in the progression to heart failure with preserved ejection (HFpEF). Also, to 

provide a more detailed overview on the importance of diastolic dysfunction in the pathophysiology of 

HFpEF, two review articles were included at the end of this chapter.

Chapter 2 defines the main objectives of the thesis, which are schematized in the figure provided in 

this chapter. 

Chapter 3 describes the results, which are shown in the form of several published or submitted articles. 

These manuscripts have been grouped into four sub-chapters: A) determinants of diastolic dysfunction; 

B) the evaluation of diastolic dysfunction; C) the impact of diastolic function on exercise capacity; D) the 

modulation of diastolic function by exercise training.

Chapter 4 provides a global overview and discussion of the major findings, how do they integrate with 

previously published studies, possible implications to clinical practice and future areas of research.

The conclusions are presented in chapter 5.

Finally, chapter 6 depicts the references that were used in the introduction and discussion sections of 

this thesis.
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Introdução 

A disfunção diastólica (DD) do ventrículo esquerdo é frequente nas várias fases do continuum 

cardiovascular, atingindo cerca de 20% da população em geral. Apesar de ser muitas vezes assintomática, a 

DD é um importante preditor de prognóstico e do risco de progressão para insuficiência cardíaca. Por outro 

lado, nos doentes no outro extremo do continuum cardiovascular, a DD é o principal mecanismo envolvido na 

fisiopatologia da insuficiência cardíaca com fração de ejecção preservada (ICFEP), também conhecida como 

insuficiência cardíaca diastólica. Assim sendo, a identificação – e correção – dos principais determinantes de 

DD pode ser um importante passo para prevenir a progressão para insuficiência cardíaca. Esta abordagem 

preventiva poderá ser particularmente relevante na ICFEP uma vez que, até hoje, nenhuma terapêutica ou 

intervenção mostrou uma melhoria significativa do prognóstico destes doentes.

O estudo da função diastólica nas várias fases do continuum cardiovascular é importante por múltiplas 

outras razões. Além do seu impacto prognóstico, desconhece-se o seu papel como determinante da capacidade 

funcional dos doentes, sobretudo após o enfarte do miocárdio. A própria avaliação ecocardiográfica da função 

diastólica é complexa, sobretudo a categorização em graus de DD. Ainda recentemente foi descrito um novo 

grau de DD, designado grau IA, cuja prevalência e caracterização clínica são desconhecidas na população em 

geral. Por outro lado, sabe-se que os volumes e função da aurícula esquerda são interdependentes da função 

diastólica do ventrículo esquerdo e, portanto, as novas técnicas ecocardiográficas de avaliação da função 

auricular esquerda por speckle tracking poderão ajudar na compreensão e na análise detalhada da função 

diastólica. Finalmente, estudos recentes realizados em doentes com ICFEP mostraram que o exercício físico 

poderá ser uma nova intervenção terapêutica  capaz de melhorar a função diastólica, não estando ainda 

validada em outros grupos de doentes.

Objectivos 

Neste projeto pretendemos avaliar a importância da avaliação da função diastólica em várias fases do 

continuum cardiovascular, identificando e analisando os seus determinantes, o papel dos novos métodos 

de avaliação ecocardiográfica, o seu impacto na capacidade funcional e uma eventual modulação por um 

programa estruturado de  treino de exercício.

Foram objectivos específicos destes trabalhos: i) avaliar o papel da obesidade, e do padrão de  

distribuição de gordura, como determinante da função diastólica, assim como os principais mecanismos 

fisiopatológicos envolvidos nesta associação; ii) avaliar se o tecido adiposo epicárdico pode influenciar 

diretamente a função diastólica por um efeito local/parácrino; iii) determinar se a secreção de adipocinas 

(leptina e adiponectina) pode estar envolvida na associação entre a obesidade e a função diastólica; iv) 

avaliar o papel da insulinorresistência, da síndrome metabólica e da diabetes como eventuais novos 

determinantes de DD; v) avaliar, na população em geral, a prevalência e características clínicas dos 

doentes com o novo grau IA de DD;  vi) avaliar o impacto da função diastólica como determinante da 
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capacidade funcional em doentes após enfarte do miocárdio; vii) analisar a relação entre os volumes e 

a função da aurícula esquerda com a função diastólica, assim como o seu papel  enquanto preditor da 

capacidade funcional;  viii) avaliar se um programa estruturado de treino de exercício pode melhorar a 

função diastólica num grupo de doentes após enfarte do miocárdio.

População e Métodos 

Para avaliar os determinantes de disfunção diastólica foi analisado um grupo de 1063 indivíduos 

provenientes de uma coorte da população em geral (estudo EPIPorto), sem doença cardiovascular 

conhecida. Todos os doentes foram avaliados através da colheita de história clinica, exame físico, avaliação 

antropométrica (incluindo avaliação da massa gorda por bioimpedâcia), estudo analítico (incluindo 

doseamento da insulina, HOMA-IR score,  leptina e adiponectina) e ecocardiografia transtorácica, com 

avaliação detalhada da função diastólica.

Foi ainda analisado, de forma prospectiva, um outro grupo de 225 doentes um mês após enfarte 

do miocárdio. Todos os doentes foram submetidos, no mesmo dia, a avaliação clínica, antropométrica 

e ecocardiográfica (incluindo a análise dos volumes e função da aurícula esquerda por speckle tracking,  

num subgrupo destes doentes), assim como a prova cardiopulmonar (para determinação do consumo 

de oxigénio: VO2) e tomografia computorizada de 64 cortes (para determinação das áreas de gordura 

abdominal total, subcutânea e visceral e do volume de gordura epicárdica).

Deste grupo de doentes após enfarte do miocárdio, 188 foram randomizados (1:1) para um programa 

supervisionado de 8 semanas de treino de exercício (combinando treino aeróbio e de resistência) versus 

tratamento convencional. No início e no fim do estudo, estes doentes foram submetidos a avaliação 

seriada da função diastólica por ecocardiografia e da capacidade de exercício por prova cardiopulmonar.

Em todos os estudos a função diastólica foi avaliada de acordo com as últimas recomendações de 

consenso para a avaliação da função diastólica que incluem a determinação da velocidade E’ e da relação 

E/E’  do Doppler tecidular e a categorização em graus de disfunção diastólica.

Principais Resultados e Discussão 

O aumento da adiposidade, principalmente da gordura visceral, revelou-se um determinante 

independente da função diastólica. A associação entre a adiposidade e a DD parece ser mediada 

parcialmente por um efeito endócrino, envolvendo a secreção de adipocinas, já que que o aumento dos 

níveis de leptina – mas não de adiponectina – se associou de forma independente à presença de DD. Além 

disso, observamos que o aumento do volume de gordura epicárdica pode também modular a função 

diastólica, por um efeito local/parácrino. Estes dados permitem uma compreensão dos mecanismos 

envolvidos na “cardiopatia da obesidade” e reforçam a importância da associação entre a obesidade, a 
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disfunção diastólica e o aumento do risco de insuficiência cardíaca, observado nos indivíduos obesos.

A função diastólica está também associada ao grau de insulinorresistência e à síndrome metabólica 

e não a um efeito “glicotóxico” induzido pela hiperglicemia. Observamos ainda que surgem alterações 

subclínicas da função diastólica logo em fases precoces do continuum diabético, ainda antes do 

aparecimento de diabetes. 

Contrariamente a anteriores descrições, verificamos que na população em geral a prevalência do novo 

grau IA de DD é baixa.  Deste modo, em futuros estudos, será necessário reavaliar o papel de prognóstico 

deste novo grau de disfunção diastólica e a sua utilidade clínica.

Os parâmetros de função diastólica, sobretudo a relação E/E’ septal (derivada da análise do Doppler 

tecidular), foram os principais determinantes ecocardiográficos de diminuição da capacidade funcional 

após enfarte do miocárdio. Além disso, observamos que os volumes da aurícula esquerda, a sua função 

de reservatório e o strain longitudinal (avaliados por speckle tracking) foram também determinantes 

da capacidade de exercício, devido à interdependência entre a função diastólica  e a função auricular 

esquerda.

Finalmente, num estudo prospectivo, randomizado, realizado em doentes um mês após enfarte do 

miocárdio, verificou-se que um programa de treino de exercício de 8 semanas, combinando treino aeróbio 

e de resistência, não melhorou significativamente a função diastólica.

Conclusões 

A disfunção diastólica tem uma prevalência crescente ao longo do continuum cardiovascular. Os 

seus principais determinantes são a idade, a hipertensão arterial e a doença coronária, mas também a 

obesidade e a insulinorresistência. Estas observações reforçam a visão da disfunção diastólica como uma 

doença com um componente cardiometabólico.

Atendendo à crescente epidemia de obesidade, a compreensão dos mecanismos envolvidos na 

cardiopatia da obesidade poderá ser clinicamente útil para a prevenção do expectável aumento da 

incidência de insuficiência cardíaca nos obesos. No futuro será necessário avaliar se intervenções como 

a perda de peso (pela dieta, exercício e/ou cirurgia bariátrica), a toma de insulino-sensibilizadores (como 

a metformina) ou a administração de inibidores da leptina pode melhorar a função diastólica e prevenir 

a progressão para insuficiência cardíaca. Atualmente, estamos a realizar um ensaio clínico de fase II que 

avaliará se a administração precoce de metformina em doentes com síndrome metabólico pode melhorar 

a função diastólica.

A análise da função diastólica fornece ao clínico informação adicional que tem impacto prognóstico e 

funcional. Deste modo, a avaliação da função diastólica, através do cálculo da relação E/E’ e da categorização 

em graus de função diastólica, deve fazer parte integrante do exame ecocardiográfico de rotina. 
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Apesar de nos doentes após enfarte do miocárdio o treino de exercício não ter melhorado 

significativamente  a função diastólica, é expectável que programas de exercício físico sustentado possam 

melhorar a estrutura e função do miocárdio, sobretudo se aplicados em fases mais precoces do continuum 

cardiovascular. 

• • •
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Introduction 

Left ventricle diastolic dysfunction (LVDD) is common in the cardiovascular continuum. It affects 

about 20% of the adult population. Although frequently associated with a subclinical course, LVDD is an 

important predictor of heart failure and of long-term mortality. Moreover, in patients at the other end of 

the cardiovascular continuum, LVDD is the key mechanism involved in the pathophysiology of heart failure 

preserved ejection fraction (HFpEF), also known as diastolic heart failure. Therefore, the identification and 

correction of the main determinants of diastolic function can be of paramount importance to stop the 

progression to overt heart failure. This can be especially relevant for the management of HFpEF, a disease 

where no therapy or intervention has significantly improved the prognosis.

Several other unmeet needs involve the study of diastolic function in the cardiovascular continuum. 

Beyond its prognostic role, the impact of LVDD on exercise capacity is not known, especially after myocardial 

infarction. Moreover, the echocardiographic evaluation of diastolic function is frequently challenging, 

especially the categorization diastolic function grades. Very recently, a new grade of diastolic dysfunction 

– grade IA – has been described, but its prevalence and clinical characterization in the general population 

are unknown. Because LV diastolic function and left atrium (LA) function are interdependent events, the 

evaluation of the LA by speckle tracking can be a promising new technique giving further insight into 

the comprehension of diastolic function. Finally, new therapeutic targets are needed to improve diastolic 

function. Recent preliminary studies, performed in selected patients with HFpEF, have shown that a 

structured program of exercise training can improve diastolic function.

Purpose 

In this project we aimed to evaluate the role of left ventricular diastolic function in several phases of 

the cardiovascular continuum, assessing its determinants, new methods of echocardiographic evaluation, 

its impact on exercise capacity and the possible modulation by exercise training. 

Specific aims were: i) to evaluate the role of obesity, and adipose tissue distribution, on diastolic 

function and the underlying mechanisms (direct and indirect) involved in this association; ii) to detail if 

epicardial adipose tissue can influence diastolic function by a local/paracrine mechanism; iii) to determine 

if the secretion of adipokines (leptin and adiponectin), can be involved in the association between adiposity 

and diastolic dysfunction; iv) to evaluate the contribution of insulin resistance, metabolic syndrome 

and diabetes as novel determinants of diastolic function; v) to evaluate in the general population, the 

prevalence and clinical characteristics of the new echocardiographic grade IA of diastolic dysfunction; vi) 

to determine the impact of diastolic function as a predictor of reduced exercise capacity after myocardial 

infarction; vii) to evaluate the relation between LA volumes and LA function with LV diastolic function 

(the atrium-ventricular coupling) and its role as predictor of exercise performance; viii) to evaluate if a 

structured exercise training program can improve diastolic function in patients after myocardial infarction.
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Populations and Methods 

To evaluate the determinants of diastolic dysfunction we evaluated a group of 1063 individuals from 

the general population, without known cardiovascular disease, from the EPIPorto cohort study. All patients 

had detailed data about clinical history, physical examination, anthropometric evaluation, fasting blood 

sample (including insulin, leptin, adiponectin) and echocardiography.

For the evaluation of the impact of diastolic function on functional capacity, and its modulation by 

exercise training, we prospectively enrolled another group of 225 patients after myocardial infarction. All 

patients were submitted, on the same day, to clinical evaluation, detailed echocardiography (including the 

evaluation of left atrium strain by speckle tracking analysis in a subgroup of patients), cardiopulmonary 

exercise test (for determination of peak O2 consumption) and CT scan (for the evaluation of total, 

subcutaneous and visceral abdominal fat area and epicardial fat volume).  From this group, 188 patients 

were prospectively randomized (1:1) to an 8-week supervised program of endurance and resistance 

exercise training versus standard of care, with serial evaluation (at the beginning and at the end of the 

study) of diastolic function by echocardiography and of exercise capacity by cardiopulmonary exercise test.

In all studies diastolic function was assessed according to the latest consensus guidelines on diastolic 

function evaluation, including the determination of E’ velocity and E/E’ ratio by tissue Doppler analysis, 

and the categorization in diastolic dysfunction grades.

Main Results and Discussion 

First, we observed that increased adiposity parameters were independent determinants of subclinical 

diastolic function, reinforcing the role of “obesity cardiomyopathy” in the link between obesity, diastolic 

dysfunction and the increased risk of heart failure observed in the obese. The association was especially 

relevant for visceral, rather than subcutaneous fat. We observed that an endocrine effect, through the 

secretion of adipokines, could be involved, because higher leptin levels – but not of adiponectin – were 

independently associated with diastolic dysfunction. Moreover, increased epicardial fat volume was 

independently associated with impaired diastolic function, suggesting that a local or paracrine effect can 

also play a role in this association. 

Secondly, we observed that subclinical changes in left ventricular diastolic function were already 

present in an early phase of glucose disturbance metabolism, even before the onset of diabetes. These 

changes were mainly associated with the state of insulin resistance, and not to a “glucotoxic” effect caused 

by hyperglycemia. Metabolic syndrome was also independently associated with LVDD. 

Contrary to what has been previously described, in the general population we observed that the new 

grade IA of diastolic dysfunction was infrequent. Future studies will evaluate if the determination of this 

new grade can be clinically useful in an unselected population without cardiovascular disease. 
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Beyond its prognostic impact, we have now shown that resting diastolic function parameters, 

especially the septal E/E’ ratio, were important determinants of reduced exercise capacity after myocardial 

infarction. Moreover, the evaluation of the left atrium by speckle tracking showed that LA size, function 

and strain parameters were interdependent with left ventricular diastolic function. Therefore, we found 

that increased LA volumes can be used as markers of reduced functional capacity, which was associated 

mainly with a decrease in the LA conduit function, but not with the LA contractile function.  

Finally, in a prospective, randomized, controlled study including patients after myocardial infarction we 

did not observe a significant improvement in diastolic function parameters, after an eight-week exercise-

training program.

Conclusions 

Diastolic dysfunction has an increasing prevalence across the cardiovascular continuum. It is determined 

by ageing, hypertension and coronary artery disease, but also by new determinants such as (visceral) 

obesity and insulin resistance, reinforcing the view of diastolic dysfunction as a cardiometabolic disease. 

Given the growing obesity epidemic worldwide, and the increased risk of heart failure in the obese, 

this research provided important clinical insights to the comprehension of “obesity cardiomyopathy”. 

Future trials will determine if new therapeutic interventions, such as weight loss (by diet, exercise and/

or bariatric surgery) and insulin sensitizers (such as metformin), can improve diastolic function and 

prevent the progression to heart failure. We are now conducting a phase II clinical trial to determine if the 

administration of metformin in individuals with metabolic syndrome can improve diastolic function.

The evaluation of diastolic function provides important functional and prognostic information to the 

clinician. Therefore, the evaluation of diastolic function – using standard and new techniques, such as 

strain analysis by speckle tracking  – should be an integral part of a routine echocardiography examination.

The search for new interventions that can improve diastolic function will continue. Although after 

myocardial infarction, exercise training failed to enhance diastolic function, it is plausible that long-

term exercise can improve cardiac structure and function, especially if applied in earlier phases of the 

cardiovascular continuum.
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“Science may set limits to knowledge, but should not set limits to imagination”

Bertrand Russell (1872-1970)

Introduction
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CHAPTER I | INTRODUCTION

1.  THE CARDIAC CYCLE: FOCUS ON DIASTOLE 

“The atria or filling chambers contract together, while the pumping 
chambers or ventricles are relaxing and vice versa”

 Leonardo da Vinci (1452-1519)

From perhaps the first description of diastole by Leonardo da Vinci, to the most modern techniques, 

indexes, and innovative imaging tools of evaluation, our understanding of left ventricular diastolic function 

continues to advance. However, over many years, the evaluation of diastolic function was neglected by the 

scientific and clinical community, in part due to the difficulties in the non-invasive evaluation of diastolic 

function. With the new cardiac imaging technologies, a renewed interest in diastole has emerged, and this 

decade can be considered the “decade of diastology” (1).

The optimal performance of the left ventricle depends on its ability to cycle between two states: a 

compliant chamber in diastole, that allows the left ventricle to relax and fill at low left atrial pressures, 

and a stiff chamber (rapidly rising pressure) in systole that ejects the stroke volume at arterial pressures 

(2) (3). Furthermore, in response to exercise, the stroke volume must increase without a significant raise 

in left atrial pressures. Therefore, left ventricular diastolic dysfunction (LVDD) can be caused by impaired 

myocardial relaxation and/or increased ventricular stiffness, regardless of whether the systolic function is 

normal or depressed, and whether the patient is asymptomatic or symptomatic (2) (4) (5).
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2.  DIASTOLIC DYSFUNCTION ACROSS THE CARDIOVASCULAR CONTINUUM 

In 1991, a panel of experts representing the full spectrum of cardiovascular disease generated an 

hypothesis that framed cardiovascular disease as a chain of events that were initiated by several related 

and unrelated risk factors, and progressing through several pathophysiological pathways and processes 

until the development of end-stage heart disease (6), as detailed in figure 1. More importantly, this model 

acknowledged that a therapeutic intervention anywhere along this chain of events could disrupt the 

pathophysiological process and therefore, confer “cardioprotection” and prevent end-stage cardiovascular 

disease (7). 

In the meantime, the concept of the cardiovascular continuum has been validated in several critical 

studies at both the mechanistic and clinical level (7) (8). It is now known that the events leading to disease 

progression overlap and intertwine, and do not always occur as a sequence of discrete, tandem incidents. 

Although the original concept focused on the traditional risk factors, and the consequences of coronary 

artery disease, during the last years the concept of cardiovascular continuum has expanded to include other 

areas such as heart failure, cerebrovascular disease, peripheral vascular disease, and renal disease (7).

Figure 1. The modern concept of the cardiovascular continuum.
HFpEF: Heart Failure Preserved Ejection Fraction; HFrEF: Heart Failure reduced ejection fraction.

Adapted from Dzau et al, Circulation. 2006 (7)

In this project we aimed to evaluate the role of diastolic function in individuals and patients in different 

steps of the cardiovascular continuum. LVDD is frequent, showing increasing prevalence throughout the 

cardiovascular continuum. In the community, subclinical LVDD affects between 20-30 % of the general 

population (9) (10) (11) (12), depending on the criteria used for its definition and the general characteristics 

of the studied population. 

In several phases of the cardiovascular continuum, the evaluation of diastolic function is also clinically 

relevant providing significant prognostic information. Even in asymptomatic individuals, subclinical diastolic 

dysfunction is a marker of cardiac remodeling. It is considered an intermediate step in the cardiovascular 

continuum, being associated with the progression to heart failure and adverse outcomes (13). Also, in 

latter phases of the cardiovascular continuum (such as in patients after myocardial infarction or with heart 

failure) diastolic dysfunction is an important prognostic marker (1) (14).
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3.  THE IMPACT OF DIASTOLIC DYSFUNCTION: PROGNOSTIC IMPLICATIONS 

3.1. Diastolic Dysfunction and Heart Failure Risk

In heart failure (HF) progression, alterations in myocardial structure and function appear before the 

onset of symptoms, a process known as myocardial remodeling (15). Heart failure guidelines define the 

classification according to the ACCF/AHA stages of heart failure (Stages A, B C and D), recognizing that both 

risk factors and abnormalities of cardiac structure and function are associated with the onset of clinical 

heart failure (16) (17). These stages are progressive and inviolate, and once a patient moves to a higher 

stage, regression to an earlier stage of heart failure is not possible. 

Prospective studies have shown that asymptomatic diastolic dysfunction is associated with the 

development of symptomatic heart failure and increased long-term mortality (9) (18) (19). Therefore, an 

individual with diastolic dysfunction, but without symptoms of heart failure, is classified has having a stage 

B in the ACCF/AHA classification of heart failure (20), as shown in figure 2.

Figure 2. Risk factors for subclinical diastolic dysfunction and mechanisms involved in the progression

 from subclinical diastolic dysfunction to HFpEF.

Several risk factors can contribute to the development of subclinical diastolic dysfunction (stage B Heart Failure). At a latter stage, other cardiac 
and extra-cardiac mechanisms are responsible for the progression from subclinical diastolic dysfunction to clinical heart failure (stages C and D). 

It is known that the survival decreases significantly once symptoms appear (stages C and D of heart failure) but the duration and survival of 
stages A and B is not well established.

CHAPTER I | INTRODUCTION
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3.2. Diastolic Dysfunction in the Pathophysiology of Heart Failure with Preserved Ejection Fraction 
(HFpEF)

Heart failure with Preserved Ejection Fraction (HFpEF), also known as diastolic heart failure, 

accounts for approximately 50% of heart failure patients (21) (22), but its prevalence is increasing (21). 

LVDD is present in nearly all of HFpEF patients (23) (24) and, therefore, current consensus guidelines 

recommend that evidence of abnormal LV diastolic function is required for the diagnosis of HFpEF (17) 

(25). Nevertheless, the pathophysiology of HFpEF is complex, and involves several other cardiac and non-

cardiac factors, including loss of chronotropic reserve, ventriculo-vascular coupling mismatch, changes in 

systemic and pulmonary vascular function, impaired left atrium function, water and sodium retention and 

numerous comorbidities (2) (26) (27), as summarized in figure 2. Furthermore, most patients with heart 

failure, irrespective of ejection fraction, have abnormalities in both systolic and diastolic dysfunction (3).

For a more detailed overview on the role of diastolic dysfunction in the pathophysiology of heart 

failure with preserved ejection, two review articles were included at the end of this first chapter (4) (26).

3.3. The Impact of Diastolic Function on Exercise Capacity and Quality of Life 

Beyond its prognostic impact  and association with adverse clinical outcome, LVDD is also associated 

with impaired quality of life (11), probably due to reduced exercise capacity. The evaluation of the main 

determinants of reduced exercise capacity is complex because it is caused by simultaneous changes in 

both cardiac and non-cardiac factors. Nevertheless, several studies have shown a poor relation between 

exercise capacity and systolic function, especially when assessed by ejection fraction (28). On the contrary, 

in small and selected groups of patients, LVDD was an important and independent determinant of reduced 

exercise capacity, namely in patients with systolic heart failure (29-31), heart failure preserved ejection 

fraction (32) and in patients referred for exercise echocardiography (28). 

Several pathophysiological mechanisms can explain the association between worse diastolic function 

and reduced exercise performance. In patients with LVDD, impaired relaxation and increased filling 

pressures cause a reduction in left ventricular filling, thus decreasing the stroke volume response to 

exercise (2). Moreover, increased end-diastolic pressure leads to increased pulmonary capillary wedge 

pressure, which negatively affects the gas-exchange response during exercise and causes the sensation of 

exertion dyspnea (33).

After myocardial infarction, exercise capacity is an important predictor of cardiovascular outcomes, 

decreased quality of life and disability (33) (34). However, in these patients, the information on the 

relative contribution of diastolic and systolic function as predictors of reduced functional capacity is 

sparse, especially using modern echocardiographic parameters. Therefore, in this project we also aimed 

to evaluate the impact of diastolic function as a predictor of reduced functional capacity after myocardial 

infarction.
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Recent studies have shown that exercise training can be a new intervention to improve diastolic 

function. In selected groups of patients with HFpEF the combination of endurance and resistance training 

significantly enhanced diastolic function and improved exercise capacity and quality of life (32). Thus, we 

aimed to evaluate whether a structured program of exercise training could improve diastolic function in 

patients after myocardial infarction. 
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4.  THE EVALUATION OF LEFT VENTRICULAR DIASTOLIC FUNCTION 

The evaluation of diastolic function can be complex and challenging.  It involves the characterization of 

myocardial relaxation, of ventricular stiffness and of pressure changes during diastole. All these events can 

be measured invasively using several hemodynamic parameters(2). However, in routine clinical practice 

the assessment of diastolic function should be made non-invasively by echocardiography. 

In the last two decades, the echocardiographic evaluation of diastolic function has been difficult due to 

lack of consensus on the echocardiographic definition of LVDD (35) and to the limitations of the traditional 

echocardiographic parameters, especially those derived from mitral inflow velocities analysis(3). More 

recently, new echocardiographic techniques for the evaluation of diastolic function have appeared and the 

European Association of Echocardiography and the American Society of Echocardiography published new 

consensus recommendations for left ventricular diastolic function assessment(3). This document strongly 

advise the systematic use of tissue Doppler-derived early mitral annulus velocity (E’ wave) and E/E’ ratio 

(ratio between the E wave velocity of the diastolic mitral inflow and the E’ velocity of tissue Doppler) for 

the evaluation of diastolic function. It is known that the E’ velocity is a preload-independent index of LV 

relaxation (36) (37), whereas the E/E’ ratio can be used to estimate increased left ventricle filling pressures 

(3) (38) (39). 

Moreover, using an integrated analysis of E’ velocities with other echocardiographic parameters of 

diastolic function evaluation (such as E/A ratio, E-wave deceleration time, pulmonary flow analysis and left 

atrium volume), patients can be categorized in 4 grades of diastolic dysfunction: 1) normal diastolic function; 

2) grade I or mild LVDD; 3) grade II or moderate LVDD and 4) grade III or severe LVDD(3). Recently, a new 

grade of LVDD has been proposed – grade IA – which is an intermediate step between grades I and II of LVDD, 

and has been proposed to be associated with increased risk of cardiovascular events (40). In this study, the 

new grade IA of diastolic dysfunction was frequent, affecting almost 18% of a selected population of patients 

from a tertiary center showing a high prevalence of cardiovascular disease and cancer. Until now, no further 

information is available regarding the prevalence and clinical characteristics of this new grade of diastolic 

dysfunction in the general population, a gap that we tried to evaluate in this project.   

Another approach for the evaluation of left ventricular diastolic function can be the assessment of 

left atrium (LA) volumes and function. Several studies have shown a significant correlation between LA 

remodeling and LVDD(41). Indeed, it is stated that, whereas Doppler velocities and time measurements 

reflect diastolic properties at the time of measurement, LA volumes can be considered “chronic markers” 

of diastolic dysfunction and of long-term increased filling pressures (3) (35) (41). 

Left atrium function encompasses 3 phases – reservoir, conduit and active contraction phases – that 

can actively modulate left ventricular function, especially diastolic function (42). Therefore, the interaction 

between the LA and the LV, also known as the atrium-ventricular coupling, can directly influence global 

cardiac function, cardiac output and exercise capacity (43). There is a growing interest in studying the role of 
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LA volumes and several indexes of LA function – especially using novel speckle tracking echocardiographic 

analysis (44) (45) – as markers of diastolic dysfunction and determinants of exercise capacity. Two-

dimensional speckle tracking is a new echocardiographic tool that tracks the speckle pattern, frame by 

frame, to calculate strain and strain rate. Strain represents myocardial deformation, whereas strain rate 

represents the speed at which myocardial deformation occurs(46). Figure 3 illustrates the variation of LA 

volumes and longitudinal strain curves across the cardiac cycle and gives an overlook of the three phases 

of LA function.

Figure 3. The evaluation of left atrium function, volumes and longitudinal strain by speckle tracking analysis.

The left atrium plays an important role in the regulation of global cardiac function. It acts as a reservoir during systole, as a conduit during early 
diastole and as an active blood pump during late diastole.

The yellow line shows the variation of LA volumes across the cardiac cycle. The black line depicts the curve of LA longitudinal strain, showing the 
peak longitudinal atrial strain (PLAS) and the peak atrial contraction strain (PACS)

In the future, the evaluation of diastolic function will continue to evolve with the introduction of new 

echocardiographic techniques, such as the evaluation of LV twist and torsion (3), 3D myocardial strain 

(47) and left atrium analysis (48). Diastolic function can also be evaluated by cardiac magnetic resonance 

using volumetric filling curves analysis, phase-contrast imaging, tagging and strain-encoded imaging (49). 

A new promising technique is the use of post-contrast T1 mapping, which is a marker of diffuse myocardial 

fibrosis showing a good correlation with LV stiffness (50). 

A complete review on the different methods for the evaluation of diastolic function is beyond the 

scope of this document. However, at the end of this chapter, one of the review articles provides additional 

information on the advantages and limitations of the different echocardiographic parameters for the 

evaluation of diastolic function (26)
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5. THE DETERMINANTS OF DIASTOLIC DYSFUNCTION: WHAT IS KNOWN AND WHAT IS  
UNKNOWN  

The early identification and correction of the main determinants of subclinical diastolic dysfunction 

can be important to reduce the risk of progression to overt heart failure (16) (20). This can be especially 

important for the prevention of HFpEF, a disease where no therapy or intervention has shown to 

significantly change the prognosis(51). 

5.1. Established Determinants of Diastolic Dysfunction

Aging, hypertension and coronary artery disease are well-known determinants of left ventricular 

diastolic function(9) (10) (11) (12) (52). The major determinant of LVDD is age(13) (11) with almost 70% 

of individuals older than 75 years having some degree of diastolic dysfunction(9). Several studies have 

also shown a strong association between diastolic dysfunction and hypertension(9) (11) (53). Because 

myocardial relaxation is an active process that depends on ATP production, LVDD is frequent in patients 

with coronary artery disease and, when present, is associated with worse outcome(54). 

5.2. Obesity as a New Determinant of Diastolic Dysfunction: Understanding “Obesity 
Cardiomyopathy”

Obesity has reached global epidemic proportions worldwide(55), being nowadays a public health 

concern. Obesity is associated with increased risk of death (56) and of numerous comorbidities, including 

hypertension, type II diabetes mellitus, dyslipidemia, obstructive sleep apnea, certain cancers, and 

atherosclerotic cardiovascular disease(57). Beyond these well-known maladaptive effects, more recent 

studies have shown that obesity can also directly induce changes in cardiac structure and function, 

particularly left ventricular hypertrophy and subclinical diastolic dysfunction (58) (59). Because obesity 

is also independently associated with heart failure risk, it is hypothesized that diastolic dysfunction is an 

important pathophysiological link between obesity and heart failure (60). These observations have given a 

new insight into the recognition of “obesity cardiomyopathy” as a new entity, as stated in the recent heart 

failure guidelines(16). Data from the Framingham Heart Study showed that for every 1Kg/m2 increase in 

body mass index, the risk of heart failure increased 5% in men and 7% in women, with graded increases in 

the risk of heart failure across all body mass index categories(60). Therefore, given the high prevalence of 

obesity worldwide and the increased risk of heart failure in obese individuals, there is considerable interest 

in understanding the mechanisms involved in the association between obesity, diastolic dysfunction and 

heart failure(16). 

In the general population, increased body mass index has been recently associated with subclinical 

diastolic dysfunction(58). However, it is widely known that body mass index is an imperfect measure of 
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body fat, being influenced by muscle mass, body water content and others. Furthermore, the relative role 

of central versus total or subcutaneous adiposity in inducing changes in cardiac structure and function 

needs further clarification. Visceral fat is the metabolically most active organ, secreting adipokines and 

contributing to a systemic pro-inflammatory state that can affect the cardiovascular system and diastolic 

function(61). Interestingly, several studies have shown that waist circumference – which is more closely 

related with excess visceral fat (62) – is a stronger determinant of myocardial infarction and cardiovascular 

disease and death, when compared to body mass index or subcutaneous fat (63) (56). Therefore, in this 

project we aimed to evaluate the relative role of adipose tissue distribution, especially the role of central 

(and visceral) versus peripheral (and subcutaneous) fat, as determinants of LVDD. 

The heart is also covered by fat, the epicardial adipose tissue(64). Epicardial fat contacts directly with the 

heart and the coronary arteries, without any mechanical barrier separating it from the cardiomyocytes and 

vessels, and sharing the same blood supply (65). Because epicardial fat produces several pro-inflammatory 

and pro-atherogenic cytokines (66, 67) it is postulated that it can directly influence the heart. Indeed, 

several studies have recognized epicardial fat as an independent determinant of the development and 

progression of coronary artery disease(68) (69) (70) (71) (72). Thus, it is expected that epicardial adipose 

tissue can also directly influence myocardial structure and function(73) (74) (75) (76), especially diastolic 

function, by local/paracrine mechanisms. The evaluation of the effect of epicardial fat on left ventricular 

diastolic function was another aim of this work. 

The pathophysiological mechanisms involved in the association between obesity and LVDD are poorly 

understood. Figure 4 illustrates several of these potential mechanisms (77). First, the effect could be 

indirect, because obesity is associated with other cardiovascular risk factors that can cause LVDD, such as 

hypertension(57). However, previous studies have shown that the association between increased adiposity 

and diastolic function is independent of these traditional risk factors(58). Alternatively, obesity can directly 

affect myocardial structure and function by several mechanisms, such as by increasing circulating volume 

and cardiac output(78), by inducing a systemic pro-inflamatory state(61) (79) or through the secretion 

of several adipokines (80, 81). In this project we aimed to evaluate the relative importance of the direct 

(adiposity mediated) and indirect (blood-pressure- and inflammation-mediated) mechanisms involved in 

the association between increased adiposity and diastolic function. 

As previously stated, the adipose tissue is an endocrine organ that produces several substances, 

called adipokines. In experimental studies, some of these adipokines (such as leptin, adiponectin and 

resistin) have been shown to directly induce left ventricle remodeling and myocardial dysfunction (66, 82). 

However, few data are available on the effect of adipokines as determinants of diastolic function in the 

general population. 
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Figure 4. Potential (direct and indirect) pathophysiological mechanisms involved in the association 

between increased adiposity and diastolic dysfunction.

5.3. Diastolic Function in the Diabetic Continuum: the Role of Insulin Resistance, Metabolic 
Syndrome and Diabetes on Diastolic Dysfunction

Although controversial, several studies have shown that diabetes can affect cardiac structure and 

function, independently of changes in blood pressure or coronary artery disease, a condition called 

diabetic cardiomyopathy (83) (84). In humans, LVDD is considered the earliest manifestation of myocardial 

involvement in type 2 diabetes mellitus (85) and a key component of diabetic cardiomyopathy (83).  

More recent data have shown that changes in diastolic function precede the onset of diabetes, being already 

present in pre-diabetic patients (86) (87), suggesting that LVDD is not caused by sustained hyperglycemia or 

to a “glucotoxic” effect. Insulin resistance can be one of the main pathophysiologic mechanisms involved in 

this diabetic cardiomyopathy because insulin resistance induces changes in myocardial substrate utilization 

(88) (83), increases myocardial interstitial fibrosis (89), activates the sympathetic nervous system (90) and 

impairs ventricular-vascular coupling by increasing arterial stiffness (91) (92). 

Metabolic syndrome, or insulin resistance syndrome, is a cluster of cardiovascular risk factors with 

a growing prevalence worldwide (93) that have been shown to act synergistically to increase the risk 

of adverse cardiovascular events (94). Interestingly, individuals with metabolic syndrome have increased 

prevalence of LVDD (95) (96) that frequently has a subclinical course (97). Few population-based studies 

have evaluated LVDD in these different stages of the diabetic continuum, especially the role of insulin 

resistance.
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6.  REVIEW ARTICLE   

“Heart Failure with Preserved Ejection Fraction: Fighting Misconceptions for a New Approach”
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Abstract
Over the last decades, heart failure with preserved ejection 

fraction (HFpEF) has received less attention by the medical 
and scientific communities, which led to the emergence of 
a number of misconceptions concerning its characteristics, 
diagnostic and therapeutic approach.

In recent years, new studies have changed the concepts 
traditionally associated with HFpEF, contributing to a new view 
towards this disease. This review is intended to discuss the 
latest evidence on HFpEF and to fight the main misconceptions 
associated with it in order to improve its diagnostic and 
therapeutic approach.

Today we have several data showing that HFpEF is a 
condition that requires a different clinical approach from that 
used in systolic heart failure (SHF). HFpEF is no longer seen 
as a “benign” disease because it is associated with a poor 
prognosis and high prevalence. Its pathophysiology is complex 
and not fully clarified. In addition to diastolic dysfunction, we 
now know that other cardiac and extracardiac factors are also 
involved in its onset and progression. Using recent consensus 
guidelines we have objective criteria for its diagnosis, especially 
by using the new echocardiographic parameters for assessing 
diastolic function, including the E/e’ ratio obtained by tissue 
Doppler. Finally, treatment of HFpEF remains unknown, 
because no therapeutic strategy has been shown to improve 
HFpEF prognosis. Thus, in this review we will also discuss the 
potentially new therapeutic targets for HFpEF.

Introduction
Heart failure (HF) represents a major and growing public 

health problem, affecting 2% - 3% of adults in developed 
countries1.

Patients with heart failure are classically divided into 
two groups: those with HF with preserved ejection fraction 

(HFpEF), also called diastolic HF (DHF) and those with HF 
and reduced ejection fraction (HFrEF), better known as 
systolic HF (SHF)1.

In recent decades, HFpEF has received much less attention 
from medical and scientific communities, a situation that is 
finally starting to change. Such lack of attention resulted in the 
gradual emergence, within the medical community, of a series 
of misconceptions and dogmas concerning the epidemiology, 
diagnosis, pathophysiology and treatment of HFpEF. 

With this review, we intend to explore and tackle the major 
misconceptions associated with HFpEF. We will discuss the 
latest evidence concerning HFpEF, providing a new view on 
this complex syndrome, in order to improve its clinical and 
therapeutic approach. 

Frequent misconceptions in heart failure 
with preserved ejection fraction

Misconception 1: HFpEF is a benign condition
Until recently, HFpEF had been considered an essentially 

“benign” disease associated with a better prognosis. 
Epidemiological studies have shown that the prognosis for 
these patients is as bad as those who have systolic HF (SHF)2,3. 
Patients with HFpEF have mortality rates of 29% after one year 
(versus 32% in patients with systolic HF), and 65% after five 
years (versus 68%)3. 

The morbidity of HFpEF is also very high, requiring frequent 
admissions and a significant consumption of resources4,5. 
Once admitted due to HF, these patients have a high rate of 
readmission of 50% after one year5.

Equally worrying is the evidence showing that the survival 
of patients with HFpEF has not been improving in recent 
decades, unlike what has been observed in patients with 
systolic HF6. Such observation is probably related to the fact 
that the management and treatment of these patients are 
not producing the desired effects, probably due to various 
misconceptions concerning HFpEF.

Misconception 2: diastolic HF is an uncommon syndrome
A second misconception in HFpEF is to think that this 

is a clinical condition that is less common than the SHF. 
This is quite the opposite! We know today that HFpEF is 
responsible for about 50% of all patients admitted with HF, a 
proportion that increases with age2,4,6-8. Moreover, in the last 
two decades the proportion of patients with HFpEF increased 
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from 38% to 54% out of cases of HF6, a proportion that will 
continue to rise due to the progressive aging of population 
and expected increase in the prevalence of hypertension, 
obesity and diabetes.

Misconception 3: diastolic HF and systolic HF are the same 
condition

The classical separation of HF in HFpEF is questioned 
by several authors who argue that these relate to the same 
condition, albeit with different phenotypes9,10. 

However, there are many demographic, epidemiological, 
histological, molecular and structural arguments, as well as 
some relating to ventricular function and even therapeutic 
effectiveness, which seem to clearly indicate that these two 
conditions are quite different (Table 1)6,11.

Regarding the characteristics of the population, patients 
with HFpEF are older, often female, and have a high 
prevalence of hypertension, diabetes and obesity, as well as 
various comorbidities such as atrial fibrillation, renal failure 
and anemia2-4,7,12,13 (Table 1).

The hearts of patients with systolic HF and HFpEF 
also have significant differences in terms of structure 
and ventricular function (Table 1). The hearts of patients 
with SHF present an eccentric ventricular modeling with 
increased diastolic volumes and the main anomaly occurs in 
LV systolic properties14 (Figure 1). By contrast, patients with 
HFpEF present as concentric remodeling, the volumes are 
normal or even reduced, and the main change occurs in the 
diastolic properties, with delayed relaxation and/or increased 
ventricular stiffness14-16 (Figure 1 and Table 1). 

Other recently published studies have also shown 
differences at histological and molecular level. For 
example, analysis of endomyocardial biopsies revealed 
that cardiomyocytes of patients with HFpEF are structurally 
different, with larger diameters, greater stiffness and 
increased density of myofilaments, compared to patients 
with ICS17. Significant differences were also discovered 
at the molecular level. Titin is a molecule found inside 
the sarcomere which, given its elastic properties, is the 
main determinant of the stiffness of cardiomyocytes. It 
was found that in patients with HFpEF there is a change 
in the expression of the isoforms of this molecule - with 
increased expression of the stiffer isoform - or its degree 
of phosphorylation, which contributes to the increase in 
ventricular stiffness observed in these patients17,18. Patients 
with HFpEF and systolic HF also have significant differences 
in fibrosis and extracellular collagen matrix, due to distinct 
patterns of extracellular matrix metalloproteinases (MMP) 
and tissue inhibitors of such metalloproteinases (TIMP) 
activation. While in HFpEF there is a decreased degradation 
of extracellular matrix (resulting in increased ventricular 
stiffness), in dilated cardiomyopathy there is an increased 
matrix degradation19,20. In the HFpEF, diastolic dysfunction 
ca occur due to changes in the passive properties of the 
ventricle - particularly increased ventricular stiffness - or 
due to alterations in myocardial relaxation. The delay in 
myocardial realaxation seen in patients with HFpEF is caused 
by changes in calcium kinetics, especially by reduced activity 

Table 1 – Comparison of characteristics of patients with systolic HF 
and HFpEF 

Characteristics HFpEF Systolic HF

Systolic function

Ejection fraction N (or ↑) ↓↓

Ejection volume N (or ↓) ↓ (or N)

Contractility N ↓

Diastolic function

LV telediastolic pressure ↑↑ ↑

Constant relaxation time ↑↑ ↑

Relative wall thickness1 ↑ ↓

Ventricular filling rate ↓↓ ↓

Ventricular stiffness ↑↑ ↓

Myocardial stiffness ↑ N

Ventricular remodeling

LV volume N (or ↓) ↑↑

LV mass ↑ ↑

LV geometry Concentric Eccentric 

Cardiomyocytes ↑ Diameter ↑ Length

Collagen extracellular matrix ↑↑ ↓ (or N or ↑)

BNP ↑ ↑↑

Age Often elderly All ages, 
typically 50-70

Sex Often women More common 
in men

Comorbidities

Hypertension +++ ++

Diabetes +++ ++

Prior myocardial infarction + +++

Obesity +++ +

Renal failure ++ 0

Atrial fibrillation ++ +

Chronic lung disease ++ 0

Abbreviations: LV - left ventricle, N - normal; ↑ - increased; ↓ - decreased; BNP - 
brain natriuretic peptide; The relative wall thickness describes the left ventricular 
geometry and is defined as the ratio between the left ventricular thickness and 
the left ventricular cavity diameter.

of SERCA2, the main protein responsible for the reuptake of 
calcium back into the sarcoplasmic reticulum21.

Finally, strong arguments related to the response to 
pharmacological therapy justify the separation of these 
two conditions. Few clinical trials performed to date on 
HFpEF reveal that these patients do not respond as well 
to therapy commonly used in systolic HF, suggesting that 
different pathophysiological mechanisms operate in these 
two conditions.

These differences mean that the therapeutic approach 
to HFpEF must be different from that used in systolic HF, as 
prescribed in the guidelines for heart failure1,22. 
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Misconception 4: diastolic dysfunction is the only 
abnormality involved in HFpEF

The patophysiology of HFpEF is not totally understood, 
mainly because HFpEF affects an heterogeneous group of 
patients where different pathophysiological mechanisms may 
have a different relative importance.

Diastolic dysfunction plays a central role in the 
pathophysiology of this condition, since most patients present 
delayed myocardial relaxation and/or increased ventricular 
stiffness23. This is why HFpEF is often referred to as diastolic 
HF. More recently, after the discovery of other mechanisms that 
appear to contribute to the pathophysiology of this condition, 
the expression diastolic HF was replaced by a more general 
term: HFpEF 1,24.

On the other hand, we know that LV diastolic dysfunction, 
by itself, does not seem to be enough to cause the clinical 
picture of heart failure. There is an important group of 
patients who have diastolic dysfunction, although they remain 
asymptomatic and without HF25. Moreover, the prevalence 
of diastolic dysfunction in the general population (present 
in up to 25% of the population26) is much higher than the 
prevalence of HF. However, it remains to be explained why 
some patients with diastolic dysfunction have HFpEF, while 
others remain asymptomatic.

Beyond diastolic dysfunction: contribution of other 
pathophysiological mechanisms

Several studies have recently demonstrated that the 
pathophysiology of HFpEF involves other mechanisms, 
including “cardiac” and “extracardiac” factors (Figure 2)27,28. 

The explanation for the symptomatic difference among 
patients with asymptomatic diastolic dysfunction and HFpEF 
may be due to the simultaneous existence of these additional 
pathophysiological abnormalities only in patients with HFpEF. 

Among “extracardiac” abnormalities found in HFpEF, 
particular emphasis has been placed on the abnormalities 
found in the arterial vessels, including increased arterial 
stiffness, changes in ventricular-arterial coupling29,30, 
endothelial dysfunction and reduced vasodilator reserve 31. 

There are other extracardiac factors potentially involved in 
HFpEF. It was found that in these patients, increased ventricular 
filling pressure is also due to an increased effective circulating 
volume due to increased sodium and water retention in the 
kidneys32. It should be stressed that in HFpEF, due to the 
simultaneous increase of ventricular and arterial stiffness, patients 
are very sensitive to small changes in the “central” volume16.

Recently, new “cardiac” factors have been found to contribute 
to HFpEF pathophysiology, such as chronotropic incompetence31 
and changes in ventricular stretching, radial deformation and 
twisting, evaluated by speckle tracking analysis33. 

Finally, HFpEF patophysiology is usually accessed at 
rest. However, several studies have shown that additional 
alterations occur during exercise in HFpEF patients31,34-36. 

Is systolic function completely normal in HFpEF? 
By definition, HFpEF patients have a normal ejection 

fraction. Nevertheless, because ejection fraction is an 
imprecise parameter for the evaluation of minor alterations in 
systolic function, it has been demonstrated that patients with 
HFpEF also have changes in systolic function assessed by Tissue 

Figure 1 - Left ventricular loops and pressure-volume (P-V) ratios in systolic and diastolic dysfunction. Panels A, B and C show dashed loops and P-V ratios of a normal 
heart. Line 1 corresponds to the end diastolic pressure-volume relation, line 2 to P-V loop and line 3 to the end systolic pressure volume relation. In the presence of systolic 
dysfunction (panel B, full line) there is a decreased in ejection fraction (translated by the smaller width of the P-V loop) and a reduced myocardial contractility, expressed 
by the lower slope of the end systolic pressure volume relation (arrow). As opposed to that, in diastolic dysfunction (Panel C), the end diastolic pressure-volume relation 
is shifted upwards and to the left (gray line). That makes a certain amount of ventricular filling to be only achieved at the expense of much higher filling pressures than 
those observed for the same volume in a normal individual (see points A and B of panel C). (Adapted from Rev Port Cardiol, 2009. 28: p. 63-82).
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Doppler analysis37,38. Also, a recent study has shown that in 
HFpEF patients important alterations in systolic function also 
occur especially in response to exercise33. 

 
Misconception 5: there are no objective criteria for the 
diagnosis of HFpEF

Part of the controversy and misconceptions concerning 
HFpEF resulted from the lack of consensus about its 
diagnostic criteria. 

Such limitation was overcome in 2007 after the publication 
of a consensus document of the European Society of Cardiology 
with updated diagnostic criteria for HFpEF24. According to this 
document, three prerequisites should be fulfilled simultaneously 
to diagnose HFpEF: 1) symptoms and signs of HF; 2) EF> 
50% in a non-dilated LV (defined as LV with a end diastolic 
volume < 97 ml/m2); 3) evidence of high LV filling pressures. 

The demonstration of high LV filling pressures can be made 
by invasive hemodynamic evaluation (which is the gold-
standard method, but is difficult to apply in clinical practice) or 
by combining several echocardiographic parameters together 
with natriuretic peptides quantification. By echocardiography 
several diastolic parameters can be obtained that allow LV filling 
pressures estimation39. The most widely used parameter, and 
also the easiest to analyse, is the E/e’ ratio, which is obtained 
from the ratio between the peak transmitral flow velocity 
(E wave) and the mitral annulus velocity, determined from Tissue 
Doppler analysis (the e’ wave) (Fig. 3). When the E/e’ ratio at the 
level of the septal wall is > 15, LV filling pressures are certainly 
increased, whereas a E/e’ ratio < 8 represents normal LV filling 
pressures24. However when the E/e’ ratio is between 8 and 15, 
it is necessary to combine this value with other diastolic function 
echocardiographic parameters, as discussed later.

The new diagnostic algorithm of HFpEF, despite a few 
limitations28 allowed standardizing the diagnosis of HFpEF.

Misconception 6: diastolic function evaluation by 
echocardiography is inaccurate and has no influence on 
clinical management strategies

The assessment of LV diastolic function should be an 
integral part of routine echocardiographic evaluation40, 
especially in patients with dyspnoea and/or heart failure, due 
to its diagnostic24 and prognostic significance41.

Initially, the diastolic function by echocardiography 
was mainly assessed through pulsed Doppler analysis of 
transmitral flow pattern. When this parameter is used alone, 
it is little specific, and has several limitations. This fact has 
led to the emergence of the (misconceived) idea that the 
echocardiographic assessment of diastolic function is little 
specific and little useful in clinical practice. Today, there are 
several echocardiographic parameters in the assessment 
of diastolic function, whose applications, advantages and 
limitations have been the target of a consensus document of 
the European and American societies of Echocardiography39, 
which will be briefly addressed in this study (Table 2). 

Pulsed Doppler transmitral inflow pattern
The analysis of transmitral flow by pulsed Doppler is easy to 

obtain in almost all patients (Fig. 4, A). By analyzing transmitral 
filling pattern, it is possible to define four degrees of diastolic 
dysfunction (Fig. 3). 

Nevertheless, this parameter has several limitations 
(Table 2)39 because when used alone, it is not possible 
to distinguish a normal pattern from a pseudonormal, 
which indicates a grade II diastolic dysfunction (Figure 3). 
Despite its limitations, when combined with other diastolic 
dysfunction parameters, the evaluation of the E/A ratio can 
be useful in clinical practice to support the diagnosis of 
HFpEF24. and give prognostic information, when a restrictive 
pattern is present41. 

Increased ventricular stiffness

Delayed ventricular relaxation

Ventricular hypertrophy

Chronotropic incompetence

Loss of cardiac reserve

Increased central aorta stiffness

Abnormal Ventricular-arterial coupling

Limited vasodilator reserve

Hypertensive response to exercise

Endothelial dysfunction

Renin-angiotensin activation

Sodium and water retention

Anemia KIDNEYVESSELS

HEART

Figure 2 - Potencial Pathophysiological mechanisms involved in HFpEF.
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Isovolumic relaxation time (IVRT)
This parameter, which assesses primarily the ventricular 

relaxation, measures the time interval between aortic valve 
closure and mitral valve opening (Fig. 5, panel C). The normal 
value of IVRT is 70-90 msec, a value that increases with 
delayed relaxation, but shortens when filling pressures are 
markedly increased39.

Mitral flow propagation velocity (Vp)
The mitral flow propagation velocity (Vp) is evaluated 

according to Figure 5, panel A. When ventricular relaxation 
is delayed, the Vp slope is reduced.

Pulmonary vein flow velocity assessment 
The pulmonary vein flow assessment can provide several 

measurements for diastolic function evaluation. However, the 
most reliable parameter is the Ar pulm - Ad mitral, which is the 
time difference between the duration of reversed pulmonary 
vein flow during atrial systole (Ar pulm) and the duration of the 
mitral A wave flow (Figure 5, B); when the Ar pulm - Ad mitral 
difference is > 30 msec, LV filling pressures are increased24.

Tissue Doppler assessment at the mitral annulus and E/e’ 
ratio

The most widely used echocardiographic parameter for 
diastolic function evaluation is the E/e’(see figure 4)24,40, which 
is the ratio of the E wave velocity from transmitral flow divided 
by the e’ wave velocity obtained by Doppler tissue at the 
mitral annulus level. By applying the pulsed tissue Doppler 

at the septal or lateral side of the mitral annulus, it is possible 
to evaluate the velocity of the mitral annulus displacement 
and calculate the velocity of the systolic wave (S wave), of 
the early diastolic wave (E’, e’ or Ea) and of the late diastolic 
wave (A’, a’ or Am). 

Several studies have shown that E/e’ ratio correlates closely 
with LV filling pressures, independently from ejection fraction 
values. When E/e’ ratio at the septal side of the mitral annulus 
is > 15, LV filling pressures are increased, whereas an E/e’ 
value < 8 indicates normal filling pressures. However, when 
the e’ is evaluated at the lateral side of the mitral annulus, and 
not at the septal wall, a cut-off of E/e’ > 12 (instead of 15) 
should be used, because displacement velocities are greater 
at the lateral side42. 

Left atrial volume
Increased left atrial volume (LA) (Fig. 5, D) is a morphological 

marker of chronically increased diastolic filling pressures43 and 
is an important mortality predictor44. LA volume can also be 
increased in atrial fibrillation or significant mitral valve disease, 
therefore it is important to combine this parameter with the 
patient’s clinical condition and with other echocardiographic 
markers of diastolic dysfunction39.

Myocardial strain analysis
Myocardial strain can now be evaluated by echocardiography 

using speckle tracking, which can provide essential information 
regarding diastolic function39, and may be a more reliable 
marker of diastolic dysfunction than the E/e’ ratio45.
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Figure 3 - Evaluation of different degrees of diastolic dysfunction using data obtained from the transmitral flow pattern (top) and analysis of tissue Doppler at the mitral 
annulus level (bottom). Legend: DD - diastolic dysfunction; DDT - diastolic deceleration time; E - transmitral flow velocity during early ventricular filling; A - transmitral flow 
velocity during atrial contraction; e’- Tissue Doppler velocity at the mitral annulus level during early ventricular filling.
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Table 2 – Advantages and limitations of various echocardiographic parameters of diastolic function assessment

Echocardiographic parameters Advantages Limitations

Transmitral PW inflow pattern 1. Easy to obtain in all patients
2. Provides diagnostic and prognostic information

1. Pre-load dependent
2. Influenced by PW sample placement 

3. Difficult to analyze in atrial fibrillation, high heart rate and 
paced rhythms 

4. Influenced by age

Tissue Doppler analysis(E/e´ratio)

1. Can be obtained in most patients
2. Not influenced by preload or heart rate
3. Early marker of diastolic dysfunction

4. Provides prognostic information
5. Diferential diagnosis information to help exclude 

constrictive pericarditis 

1. Influenced by regional wall motion abnormalities (eg after 
myocardial infarction

2. Requires careful interpretation in patients with
significant mitral disease

 3. Some doubts about the best place for assessing e’ (septal, 
lateral or mean of two) 

4. Difficult interpretation when E/e’ratio is between 8 and 15 
5. Less reliable parameter in normal individuals and in patients 

with hypertrophic or dilated cardiomyopathy

Isovolumic relaxation time (IVRT) 1. Provides the assessment of the earliest phase of diastole 
(relaxation)

1. Technically difficult to record two events on thesame image 
plane

2. Low reproducibility
3. Pre-load dependent

Pulmonary vein flow assessment 1. The Ar pulm - A mitral parameter provides LV filling 
pressure estimation

1. Difficult to obtain in some patients
2. Depends on heart rate and can not be measured in patients 

with atrial fibrilation 

Mitral inflow propagation velocities 1. Low reproducibility
2. Dependent on pre-load and cardiac chamber size

Left atrial volume
1. Provides evidence of chronically increased filling 

pressures
2. Provides prognostic information

1. There are other medical conditions associated with increased 
LA volume(mitral valve disease, atrial fibrillation, anemia)
2. Is not influenced by acute variations in filling pressures

Myocardial deformation analysis 1. Not dependent on sample angle
2. Potentially useful when E/e’ ratio is between 8 and 15 1. Lack of studies 

Diastolic stress test
1. Provides diastolic function assessment during effort 

2. Especially useful in patients with unexplained dyspnea 
and normal filling pressures at ret 

1. Technically difficult
2. The same limitations from Tissue Doppler Analysis

Adapted from [43].

Figure 4 - E/e’ ratio evaluation. The left panel shows transmitral inflow Doppler pattern, with the E wave velocity (E), the A wave velocity (A), the E wave deceleration 
time (DT) and the duration of the A wave (Ad mitral). The right panel illustrates the e’ velocity assessment, evaluated by tissue Doppler at the lateral wall of the mitral 
annulus (E’ lat).
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Figure 5 - Demonstration of different echocardiographic parameters used for diastolic dysfunction analysis. Panel A shows how to measure the mitral flow propagation 
velocity (Vp); panel B shows the pulmonary vein flow velocity assessment, from which it is possible to determine the time duration of reversed pulmonary vein flow during 
atrial systole (Ar pulm), that is used to calculate the Ar pulm - Ad mitral: the time difference between the Ar pulm and the duration of mitral A wave flow (see left panel, 
Figure 4); panel C shows how to calculate the isovolumic relaxation time (IVRT); and finally, panel D shows left atrial volume measurement, using Simpson’s method.

Diastolic stress test
A great number of patients with diastolic dysfunction only 

develop symptoms during exercise. Therefore, it is important 
to evaluate LV filling pressures in response to exercise, by 
conducting a diastolic stress test. 

This test can evaluate the E/e’ ratio variation in response 
to exercise. While in individuals with normal relaxation, both 
E and e’ velocities increase proportionally (keeping a normal 
E/e’ ratio), in patients with diastolic dysfunction there is a 
progressive increase of the E/e’ ratio with exercise46. 

In conclusion, although some limitations still exist47, diastolic 
function can be reliably assessed by echocardiography, using 
an integrated step-by-step approach, starting with E/e’ ratio 
evaluation. Moreover, diastolic dysfunction evaluation provides 
essential information for diagnosis, prognosis and management 
of patients with HF, particularly those with HFpEF42.

Misconception 7: there are effective strategies to treat HF 
with preserved EF

Probably the biggest misconception in HFpEF management 
is to think that there are effective therapeutic strategies for 

HFpEF, or to believe that such treatment may be similar to 
that used in systolic HF. 

Firstly, despite its clinical and epidemiological significance, 
HFpEF treatment remains largely empirical and not evidence 
based. Unlike in SHF, few randomized clinical trials have been 
conducted in these patients.

Secondly, the few clinical trials conducted in HFpEF 
patients, only evaluated the effectiveness of renin-angiotensin 
system inhibitors. In all such studies the results were 
disappointing, since there was no survival benefit by using 
such agents. Hence, the use of other therapeutic agents in 
HFpEF can only be recommended theoretically or based on 
data obtained from observational studies.

Finally, in recent decades, the prognosis of HFpEF has remained 
unchanged over time, contrasting with the survival benefit 
observed in SHF patients6. This observation also demonstrates 
that HFpEF management strategies are still not appropriate.

Use of the renin-angiotensin system modulators
Contrary to systolic HF, in HFpEF blocking the renin-

angiotensin system is less useful in terms of clinical events 
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Figure 5 - Demonstration of different echocardiographic parameters used for diastolic dysfunction analysis. Panel A shows how to measure the mitral flow propagation 
velocity (Vp); panel B shows the pulmonary vein flow velocity assessment, from which it is possible to determine the time duration of reversed pulmonary vein flow during 
atrial systole (Ar pulm), that is used to calculate the Ar pulm - Ad mitral: the time difference between the Ar pulm and the duration of mitral A wave flow (see left panel, 
Figure 4); panel C shows how to calculate the isovolumic relaxation time (IVRT); and finally, panel D shows left atrial volume measurement, using Simpson’s method.

Diastolic stress test
A great number of patients with diastolic dysfunction only 

develop symptoms during exercise. Therefore, it is important 
to evaluate LV filling pressures in response to exercise, by 
conducting a diastolic stress test. 

This test can evaluate the E/e’ ratio variation in response 
to exercise. While in individuals with normal relaxation, both 
E and e’ velocities increase proportionally (keeping a normal 
E/e’ ratio), in patients with diastolic dysfunction there is a 
progressive increase of the E/e’ ratio with exercise46. 

In conclusion, although some limitations still exist47, diastolic 
function can be reliably assessed by echocardiography, using 
an integrated step-by-step approach, starting with E/e’ ratio 
evaluation. Moreover, diastolic dysfunction evaluation provides 
essential information for diagnosis, prognosis and management 
of patients with HF, particularly those with HFpEF42.

Misconception 7: there are effective strategies to treat HF 
with preserved EF

Probably the biggest misconception in HFpEF management 
is to think that there are effective therapeutic strategies for 

HFpEF, or to believe that such treatment may be similar to 
that used in systolic HF. 

Firstly, despite its clinical and epidemiological significance, 
HFpEF treatment remains largely empirical and not evidence 
based. Unlike in SHF, few randomized clinical trials have been 
conducted in these patients.

Secondly, the few clinical trials conducted in HFpEF 
patients, only evaluated the effectiveness of renin-angiotensin 
system inhibitors. In all such studies the results were 
disappointing, since there was no survival benefit by using 
such agents. Hence, the use of other therapeutic agents in 
HFpEF can only be recommended theoretically or based on 
data obtained from observational studies.

Finally, in recent decades, the prognosis of HFpEF has remained 
unchanged over time, contrasting with the survival benefit 
observed in SHF patients6. This observation also demonstrates 
that HFpEF management strategies are still not appropriate.

Use of the renin-angiotensin system modulators
Contrary to systolic HF, in HFpEF blocking the renin-

angiotensin system is less useful in terms of clinical events 
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reduction or survival benefit, as demonstrated using 
perindopril (PEP-CHF trial)48, irbesartan (I-PRESERVE)49 or 
candesartan (CHARM-Preserved)50.

Role of beta blockers in HFpEF
In theory, beta blockers (BB) have various potential 

benefits in HFpEF treatment: i) by reducing the heart 
rate they increase the duration of diastole and hence 
ventricular filling time; ii) they decrease myocardial oxygen 
requirements; iii) they lower blood pressure; and iv) they 
may induce regression of LVH. On the other hand, these 
beneficial effects may be partially mitigated since BB delay 
ventricular relaxation and reduce contractility16.

Although there are no clinical trials assessing BB efficacy 
in HFpEF, it is expected that these agents can be potentially 
beneficial, especially those with a vasodilator effect (e.g. 
carvedilol and nebivolol), because they can also reduce 
arterial stiffness.

Data from observational studies indicate that beta-blockers 
in HFPEF may reduce mortality51. Recently, a subanalysis 
derived from the SENIORS trial showed that in the subgroup 
of patients with EF > 35%, the benefits of this BB were similar, 
which suggests that the effectiveness of BB is not depend on 
ejection fraction52. With so many uncertainties, there is an 
urging need for a clinical trial to test the use of BB in HFpEF.

Aldosterone antagonists in HFpEF
The use of antagonists aldosterone in HFpEF can be 

beneficial, at least from a theoretical standpoint. Aldosterone 
acts both on the myocardium and vessels, promoting 
myocyte hypertrophy, fibrosis and collagen deposition, 
all of which may contribute to increased myocardial and 
arterial stiffness, contributing HFpEF progression53. A small 
clinical trial demonstrated that spironolactone improved 
echocardiographic parameters of diastolic dysfunction54. A 
randomized clinical trial - the TOPCAT study - is currently in 
progress aimed at assessing the role of aldosterone antagonists 
in HFPEF patients. 

Other therapeutic strategies
Given so many uncertainties, only some general principles 

are recommended for HFpEF treatment1: i) aggressive blood 
pressure control, to prevent the onset of HFpEF, to reduce 
the number of HF hospitalizations, to induce left ventricular 
hypertrophy regression and to improve ventricular-arterial 
coupling; ii) reduction of ventricular filling pressures, by 
restricting salt intake and administration of diuretics, which is 
particularly important since HFpEF patients are highly sensitive 
to changes in central volume and pre-load; iii) maintaining 
sinus rhythm, to preserve atrial contraction; iv) heart rate 
control, preventing tachycardia, which shortens diastole 
duration; and v) treatment of underlying comorbidities, using 
an integrated and multidisciplinary approach.

Potential new therapeutic targets in HFpEF
The future treatment for HFpEF is dependent on a 

better understanding of its pathophysiology and on multiple 
interventions on the various underlying physiopathological 
mechanisms. Due to the heterogeneous mechanisms that 
cause HFpEF, its treatment will always be multifactorial and 
individualized to each patient.

Assuming that changes in relaxation and increased stiffness 
are the main pathophysiological alterations in HFpEF, it 
is necessary to develop new therapeutic strategies that 
specifically target these alterations. Alagebrium, or ALT-177, 
is a new drug that breaks the crosslinks that form between 
advanced glycosylation endproducts, thereby improving 
diastolic function (by reducing ventricular stiffness), vascular 
function (by improving arterial distensibility), and ventricular-
arterial coupling. Small clinical trials have shown promising 
results in HFpEF55.

Given the importance of fibrosis in increasing ventricular 
stiffness, several studies are analyzing (with promising results) 
the antifibrotic effects of several growth factors, cytokines and 
signaling molecules56. 

In recent years, our research group has also contributed 
to clarifying the determinants of left ventricular passive 
properties, demonstrating that ventricular stiffness is not just 
a passive property, but that it can be actively modulated (and 
reduced) using neuro-hormonal manipulation (e.g. renin-
angiotensin system and endothelin, among others), opening 
new therapeutic targets for ventricular stiffness reduction57-60.

In HFpEF, ventricular relaxation should also be improved. 
As previously mentioned, relaxation is dependent on the 
uptake of calcium back into the sarcoplasmic reticulum 
by the action of SERCA2A, which in turn is regulated by 
phospholamban61. Animal studies have shown that genetic 
transfer of SERCA2A or modified phospholamban improves 
ventricular diastolic function62, 63. 

Given the beneficial effects of nitric oxide (NO) on 
endothelial, vascular and myocardial functions, type 5 
phosphodiesterase inhibitors (e.g. sildenafil) may have a role in 
HF treatment, including in HFpEF64. A clinical trial is currently 
in progress to assess this possibility.
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RESUMO

A insuficiência cardíaca com fracção de
ejecção preservada (ICFEP) é uma síndrome

muito frequente, representando cerca de 50%
do total dos casos de IC. É uma doença

sobretudo do idoso, que está associada a
múltiplas comorbilidades e que possui um

prognóstico sombrio, com elevadas taxas de
mortalidade e um profundo impacto na

qualidade de vida dos doentes.
Surpreendentemente, apesar da sua crescente

relevância clínica, o tratamento da ICFEP
permanece, ainda hoje, largamente empírico e

não baseado na evidência. Talvez por isto, se
tenha observado que o tratamento

“convencional” desta entidade não se tenha
traduzido numa melhoria significativa do

prognóstico destes doentes.
Pretende-se com esta revisão explorar

sucintamente as bases fisiopatológicas da
ICFEP e, em seguida, aplicá-las à prática
clínica do dia-a-dia, analisando quais as

melhores estratégias terapêuticas e quais as
classes de fármacos a utilizar nestes doentes.

Além disso, abordaremos como é que a
compreensão da fisiopatologia desta doença

poderá ajudar a desenvolver novos tratamentos
para a ICFEP, que possam demonstrar, pela

primeira vez, uma melhoria efectiva do
prognóstico destes doentes.

Para já, o tratamento da ICFEP deve ser multi-
factorial, multidisciplinar e individualizado a

cada doente.

Palavras-Chave

Insuficiência Cardíaca; Diástole; Fracção Ejecção

Preservada; Fisiopatologia; Tratamento

ABSTRACT

The Pathophysiology of Heart Failure with
Preserved Ejection Fraction and Its
Therapeutic Implications

Heart failure with preserved ejection fraction
(HFPEF) is a common syndrome, accounting
for nearly one half of all heart failure patients.
It mostly affects the elderly, usually with
multiple comorbidities, and has a poor
prognosis, with high mortality rates and a
significant impact on quality of life.
Nevertheless, evidence-based therapeutic
strategies for the management of HFPEF are
still lacking, and so treatment remains largely
empirical. This is probably why current
treatment of HFPEF has not led to a significant
improvement in prognosis.
In this review article we will discuss the
pathophysiology of HFPEF and its implications
for the best treatment strategies to apply in
these patients. We will also review the
evidence supporting the use of each therapy in
HFPEF. In addition, we will consider how an
understanding of the pathophysiology of
HFPEF can help in developing new
therapeutic strategies that will improve the
prognosis of this syndrome.
Until new evidence-based clinical data are
available, treatment of HFPEF should remain
multidisciplinary and individualized to each
patient.

Key words 

Heart failure; Diastole; Preserved ejection fraction;

Pathophysiology; Treatment
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INTRODUÇÃO

Ainsuficiência cardíaca (IC) constitui um
importante e crescente problema de saúde

pública na sociedade actual, afectando 1-2 % da
população adulta dos países desenvolvidos.

Os doentes com IC são classicamente divididos
em dois grupos: os que apresentam IC com fracção
de ejecção preservada (ICFEP), também chamada
IC diastólica, e aqueles com IC e redução da
fracção de ejecção (ICFER), mais conhecida como
IC sistólica. Esta divisão, que é questionada por
alguns, tem por base as diferenças entre estas duas
entidades relativamente às suas características
demográficas e epidemiológicas, à estrutura e
função ventricular, e ainda, quanto às caracte-
rísticas a nível histológico e molecular (1) (2).

Uma parte da polémica em torno da ICFEP
resultava da ausência de consenso quanto aos seus
critérios de diagnóstico. Esta limitação foi
recentemente ultrapassada após a publicação de
um documento de consenso da Sociedade
Europeia de Cardiologia com a actualização dos
critérios de diagnóstico da ICFEP (3).  

Os doentes com ICFEP caracteristicamente são
idosos, mais frequentemente do sexo feminino, e
apresentam uma elevada prevalência de
hipertensão, diabetes, obesidade, fibrilação
auricular e disfunção renal (4-7). Comparados com os
doentes com ICFER, apresentam menos
frequentemente doença coronária.

A ICFEP é uma entidade muito frequente,
representando cerca de 50% de todos os doentes
com IC (2,4,7). Esta proporção aumenta com a idade,
podendo atingir mais de 60% dos doentes com IC
e idade superior a 85 anos. Além disso, tem-se
verificado que a proporção de doentes com IC e
uma FE normal, tem vindo a aumentar
significativamente nas últimas duas décadas,
tendo passado de 38% para 54% do total de casos
de IC(2). Espera-se que, nas próximas décadas, esta
proporção continue a aumentar, devido ao
progressivo envelhecimento da população e ao
expectável aumento da prevalência da hiper-
tensão, da obesidade e da diabetes. 

Tradicionalmente a ICFEP era vista como uma
doença essencialmente “benigna”, estando
associada a um bom prognóstico. Contudo, os
dados mais recentes têm demonstrado, de forma
consistente, que o prognóstico destes doentes é tão
mau como o daqueles que apresentam uma fracção
de ejecção diminuída. Na verdade, os doentes com64

INTRODUCTION

Heart failure (HF) is a major and growing
public health problem today, affecting 1-2%

of the adult population in developed countries.
Patients with HF are conventionally divided

into two groups: those with preserved ejection
fraction (HFPEF), also known as diastolic HF,
and those with reduced ejection fraction
(HFREF), more commonly known as systolic HF.
This distinction, which is questioned by some, is
based on differences between the two entities in
terms of demographic and epidemiological
characteristics, ventricular structure and
function, and histological and molecular 
features (1, 2).

One factor in the controversy surrounding
HFPEF was the lack of consensus concerning
diagnostic criteria. This limitation has recently
been overcome with the publication of a
consensus statement by the European Society of
Cardiology updating the diagnostic criteria for
HFPEF (3).

HFPEF patients are typically elderly and
mainly female, and have a high prevalence of
hypertension (HT), diabetes, obesity, atrial
fibrillation and renal dysfunction (4-7). They also
have a lower prevalence of coronary artery
disease than patients with HFREF.

HFPEF is a very common syndrome,
accounting for around 50% of all HF 
patients (2, 4, 7). This percentage increases with age,
and can be over 60% in patients aged over 85
years. Furthermore, the proportion of HF patients
with normal EF has increased significantly in the
last twenty years, from 38% to 54% of all cases (2).
This percentage is expected to increase further in
coming decades, due to ageing populations and
the predicted rise in the prevalence of
hypertension, obesity and diabetes.

Traditionally, HFPEF was seen as an
essentially ‘benign’ disease, associated with a
good prognosis. However, more recent data have
consistently shown that prognosis in these
patients is as poor as in those with reduced
ejection fraction. Patients with HFPEF present
mortality rates at one year of 29% (compared to
32% in those with HFREF), and 65% at five
years (versus 68%) (2). Morbidity is also high, with
frequent hospitalizations and a significant
consumption of resources. Once admitted for HF,
patients have a 50% probability of being
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ICFEP apresentam taxas de mortalidade ao fim de
um ano de 29% (versus 32% nos doentes com
ICFER), e de 65% ao fim de cinco anos (versus
68%) (2). A morbilidade é igualmente muito
elevada, com necessidade de hospitalizações
frequentes e de um consumo muito significativo de
recursos. Uma vez hospitalizados por IC, estes
doentes têm uma probabilidade de 50% de serem
re-hospitalizados nos 12 meses seguintes (8). Estes
dados vêm demonstrar que a ICFEP é, não só, uma
condição frequentemente letal, como também
muito incapacitante, causando uma deterioração
marcada na qualidade de vida destes doentes.
Igualmente preocupantes são as evidências que
demonstram que a sobrevida dos doentes com
ICFEP não tem vindo a aumentar nos últimos anos,
contrariamente aquilo que tem sido observado nos
doentes com ICFER (2). Isto leva a crer que,
aparentemente, o tratamento e a abordagem destes
doentes não estão a ser os mais correctos.

Na verdade, apesar da sua relevância clínica e
epidemiológica, sabemos que a abordagem
terapêutica dos doentes com ICFEP permanece
largamente empírica e não baseada na evidência.
Até à data, poucos têm sido os ensaios clínicos
conduzidos nesta população de doentes. 

Desta forma, urge inverter o estado actual da
abordagem da ICFEP. São necessários mais
ensaios clínicos randomizados e de larga escala
envolvendo doentes com ICFEP e é importante o
desenvolvimento de alternativas terapêuticas
inovadoras e especificamente dirigidas ao
tratamento desta entidade. 

Até lá, e até ao aparecimento de novas
evidências, os dados fisiopatológicos que actu-
almente dispomos podem ser transpostos e
aplicados à prática clínica do dia-a-dia, ajudando
a orientar a abordagem do doente com ICFEP.
Além disso, só a compreensão detalhada da
fisiopatologia desta entidade permitirá o
aparecimento de novas terapêuticas que possam
finalmente inverter o prognóstico da ICFEP. 

FISIOPATOLOGIA DA ICFEP

A disfunção diastólica desempenha um papel
central na fisiopatologia da ICFEP, pelo que esta
entidade é também designada por IC diastólica. Na
verdade, praticamente todos os doentes com ICFEP
apresentam anomalias na função diastólica (9).

Contudo, além das anomalias da função

rehospitalized within 12 months (8). These findings
demonstrate that HFPEF is not only frequently
fatal but also seriously disabling, resulting in a
marked deterioration in quality of life. Equally
worrying is the fact that survival in HFPEF
patients has not improved in recent years, in
contrast to what has been seen for patients with
HFREF (2). This leads to the conclusion that
treatment and management of these patients may
not be the most appropriate.

Despite its clinical and epidemiological
importance, evidence-based therapeutic strate-
gies for the management of HFPEF are still
lacking and treatment remains largely empirical.
To date, few clinical trials have been conducted
in this patient population.

There is thus a pressing need to change the
current approach to HFPEF. More large-scale
randomized clinical trials in HFPEF patients are
required in order to develop innovative
therapeutic alternatives specifically aimed at
treatment of this entity.

Until new evidence appears, the
pathophysiological data currently available can
be applied to everyday clinical practice to help
guide the management of patients with HFPEF.
In the meantime, only a thorough understanding
of the pathophysiology of this entity can lead to
the development of new therapeutic strategies
that will finally improve the prognosis of this
syndrome.

PATHOPHYSIOLOGY OF HFPEF

Diastolic dysfunction (DD) plays a central role
in the pathophysiology of HFPEF, which is why it
is also known as diastolic HF; practically all
HFPEF patients present abnormalities in
diastolic function (9).

However, besides DD, other patho-
physiological mechanisms have recently been put
forward that may contribute to HFPEF. These
include increased ventricular and arterial
stiffness, poor ventricular-arterial coupling,
increased central volume, neurohumoral
activation and impaired chronotropic and
vasodilator reserve during exercise (10-12).
These new discoveries have led to HFPEF being
seen as a more heterogeneous entity, and there
are probably different patient subgroups in whom
the relative importance of the various 65
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diastólica, têm surgido mais recentemente outros
mecanismos adicionais que são potenciais
contribuidores para a fisiopatologia da ICFEP.
Nestes incluem-se o aumento da rigidez ventri-
cular e arterial, o mau acoplamento ventriculo-
-arterial, o aumento do volume dito “central”, a
activação neuro-humoral e a diminuição das
reservas cronotrópica e vasodilatadora durante o
exercício físico (10-12). Estas novas descobertas, têm
contribuído para uma visão da ICFEP como uma
entidade mais “heterogénea”, provavelmente com
vários subgrupos de doentes em que as várias
alterações fisiopatológicas poderão representar
uma importância relativa distinta, mas em que a
disfunção diastólica permanece como a principal
alteração subjacente.

Em seguida, serão abordados os principais
mecanismos fisiopatológicos envolvidos na ICFEP,
com um óbvio enfoque na disfunção diastólica.

Diástole e Disfunção Diastólica
A presença de uma função diastólica normal

permite que o ventrículo encha rápida e
completamente, enquanto mantém pressões
diastólicas normais, quer em repouso, quer
durante o exercício. De um ponto de vista mais
redutor, a função diastólica pode ser vista como a
capacidade do ventrículo de relaxar e de encher. 

A diástole é determinada por dois processos:
pelo relaxamento activo do miocárdio e pelas
propriedades passivas do ventrículo. Deste modo,
a disfunção diastólica resulta de alterações do
relaxamento ventricular e/ou do aumento da
rigidez ventricular.

Alterações do Relaxamento Ventricular e
seus Determinantes

O relaxamento é o processo através do qual o
miocárdio regressa ao seu comprimento e tensão
de repouso. O relaxamento é modulado por três
determinantes: pela carga, pela inactivação e pela
não-uniformidade (13). 

Os efeitos da carga no relaxamento do
miocárdio dependem do tipo de carga (pré ou pós-
carga), da sua magnitude, duração e do momento
no ciclo cardíaco em que é aplicada. A relevância
da carga como um importante modulador do
relaxamento do miocárdio pode ser observada nos
doentes com crise hipertensiva aguda, que é um
factor precipitante frequente de agudizações da
ICFEP (14). Neste contexto, o aumento súbito da
pressão arterial impõe ao ventrículo esquerdo um

pathophysiological changes varies, but diastolic
dysfunction remains the main underlying
alteration.

The main pathophysiological mechanisms
involved in HFPEF are discussed below, focusing
particularly on diastolic dysfunction.

Diastole and diastolic dysfunction
Normal diastolic function enables rapid and

complete ventricular filling, while maintaining
normal diastolic pressures at rest and during
exercise. In essence, diastolic function can be
seen as the ability of the ventricle to relax and fill.

Diastole is governed by two factors: the active
relaxation of the myocardium and the passive
properties of the ventricle. Thus, diastolic
dysfunction can result from abnormalities in
ventricular relaxation and/or from increased
ventricular stiffness.

Abnormalities in ventricular relaxation and
their causes

Relaxation is the process by which the
myocardium regains its resting length and tension
and is determined by three factors: load,
inactivation and non-uniformity (13).

The effects of load on myocardial relaxation
depend on its type (pre- or afterload), its
magnitude and duration, and the point in the
cardiac cycle at which it is applied. The effect of
load conditions on myocardial relaxation can be
observed in patients with acute hypertensive
crisis, which is a common trigger for
decompensated HFPEF (14). In this situation, the
sudden increase in blood pressure increases left
ventricular (LV) afterload, which in turn delays
ventricular relaxation, leading to diastolic
dysfunction, which contributes to worsening of
pulmonary congestion.

Inactivation refers to the processes by which
calcium is removed from the cytosol and
actin/myosin cross bridges are detached.
Ventricular relaxation can be altered by changes
in calcium homeostasis or in the protein
regulators of cross bridge cycling (15). Patients with
diastolic dysfunction frequently present reduced
activity of SERCA (the main protein responsible
for extrusion of cytoplasmic calcium) or reduced
phosphorylation of the proteins regulating
SERCA function, such as phospholamban,
calmodulin and calsequestrin. Moreover,
relaxation is an active process that requires66

Rev Port Cardiol
Vol. 28 Janeiro 09 / January 09

MIOLO_RPC_JAN_09.qxp  2/19/09  5:17 PM  Page 66



CHAPTER I | INTRODUCTION

7. Review Article | “The Pathophysiology of Heart Failure Preserved Ejection Fraction and Its Therapeutic Implications” 

53

 

aumento da pós-carga que, por sua vez, induz um
atraso no relaxamento ventricular promovendo,
desta forma, disfunção diastólica, o que contribui
para o agravamento dos sintomas de congestão
pulmonar. 

Por sua vez, a inactivação diz respeito aos
processos pelos quais o cálcio é removido do
citoplasma e as pontes cruzadas de actina e
miosina se dissociam. O relaxamento ventricular
pode ser alterado por alterações na homeostasia do
cálcio ou por alterações das proteínas reguladoras
do ciclo das pontes cruzadas (15). Na verdade,
doentes com disfunção diastólica apresentam
frequentemente diminuição da actividade da
SERCA (a principal proteína responsável pela
extrusão de cálcio do citoplasma) ou do estado 
de fosforilação das proteínas que regulam a
actividade da SERCA, como sejam o fosfolamban,
a calmodulina e a calsequestrina. Além disso, o
relaxamento é um processo activo, envolvendo
gasto de energia (ATP) pelo que, qualquer défice
energético vai alterar o relaxamento do miocárdio.
É por isso que as alterações do relaxamento e,
consequentemente, do enchimento ventricular são
as primeiras manifestações que ocorrem na
isquemia do miocárdio, ainda antes de ocorrer
compromisso da função sistólica (16).

Aumento da Rigidez Ventricular
A disfunção diastólica também pode ocorrer

devido a alterações das propriedades passivas do
ventrículo, nomeadamente da rigidez ventricular.
Na verdade, o aumento da rigidez ventricular faz
com que pequenos aumentos do volume ven-
tricular causem um aumento marcado das pressões
intraventriculares.

O aumento da rigidez do miocárdio pode ser
causado por factores intrínsecos aos cardiomiócitos
(por exemplo, alterações nas proteínas do
citosqueleto) ou por alterações da matriz
extracelular (nomeadamente alterações da rede de
colagéneo) (15). Sabe-se que os doentes com ICFEP
têm ventrículos mais rígidos devido em parte a
hipertrofia dos cardiomiócitos e/ou a alterações nas
isoformas de titina (uma proteína do citosqueleto
que é a principal determinante da tensão passiva 
do cardiomiócito). O aumento da rigidez também
pode ser devido a factores extramiocárdicos,
nomeadamente ao aumento da fibrose e da
quantidade de colagéneo extra-celular (13).

energy expenditure (consumption of ATP), so any
energy deficit will affect myocardial relaxation.
This is why changes in relaxation, and hence
ventricular filling, are the first manifestations of
myocardial ischemia, before any impairment in
systolic function is observed (16).

Increased ventricular stiffness
Diastolic dysfunction can also occur due to

changes in the passive properties of the ventricle,
particularly increased stiffness, as a result of
which small increases in ventricular volume lead
to a marked increase in intraventricular
pressures.

Increased myocardial stiffness may be caused
by factors intrinsic to cardiomyocytes (for
example, alterations in cytoskeletal proteins) or
by changes in the extracellular matrix
(particularly alterations in the collagen 
network) (15). Patients with HFPEF have increased
ventricular stiffness, due in part to cardiomyocyte
hypertrophy and/or changes in isoforms of titin (a
cytoskeletal protein that plays an important role
in determining the passive tension of
cardiomyocytes). Increased stiffness can also be
due to extramyocardial factors, particularly
worsening fibrosis and high levels of extracellular
collagen (13).

Hemodynamic changes in HFPEF
As a result of diastolic dysfunction, HFPEF

patients exhibit characteristic hemodynamic
changes. Increased ventricular stiffness shifts the
end-diastolic pressure-volume relation leftward
and upward (Figure 1C). Thus, in a patient with
increased ventricular stiffness, a given
ventricular volume is only attained with much
higher filling pressures than those observed for
the same volume in a normal individual. In
addition, in the presence of diastolic dysfunction,
the slope of the end-diastolic pressure-volume
relation is steeper. This means that small
variations in central volume lead to large
variations in intraventricular pressure and
consequently in ventricular filling pressures
(Figure 1C)

Assessing degree of diastolic dysfunction
Echocardiography plays an essential role in

diagnosing HFPEF and characterizing the degree
of DD, which, as discussed below, is important
since it can have major therapeutic implications. 67
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Alterações Hemodinâmicas na ICFEP
Devido à disfunção diastólica que apresentam,

os doentes com ICFEP exibem alterações
hemodinâmicas características. O aumento da
rigidez ventricular promove um deslocamento para
a esquerda e para cima da relação pressão-volume
telediastólica (ver painel C, Figura 1). Deste
modo, num ventrículo com rigidez aumentada, um
determinado volume ventricular só é alcançado à
custa de pressões de enchimento muito superiores
àquelas observadas para o mesmo volume, num
indivíduo normal. Além disso, pode ser também
observado na Figura 1 que, na presença de
disfunção diastólica, o declive da relação pressão-
volume telediastólica é mais acentuado. Isto faz
com que, nestas circunstâncias, pequenas
variações do volume dito “central” levem a
grandes variações da pressão intraventricular e,

Based on echocardiographic findings,
particularly transmitral Doppler flow and tissue
Doppler, DD can be classified into four grades (17)

(Figure 2). In the normal individual (Figure 2A),
there is a peak in transmitral flow velocity at the
beginning of diastole (E wave), followed by a
second peak during atrial contraction (A wave).
In grade I DD (Figure 2B), there is delayed
relaxation, in which transmitral flow velocity is
lower at the beginning of diastole (reduced E
wave velocity), and so the flow is greater mainly
during atrial contraction (increased A wave
velocity); this causes a reversal of the E/A ratio
and an increase in diastolic deceleration time
(DDT). In grade II DD (Figure 2C), most left
ventricular filling once again takes place at the
beginning of diastole, since with worsening
diastolic dysfunction, LV pressure at the end of

68

Figura 1. Ansas e Relações Pressão-Volume (P-V) Ventriculares Esquerdas na Disfunção Sistólica e Diastólica

Figure 1. Left ventricular pressure-volume loops and relations in systolic and diastolic dysfunction

Nos painéis A, B e C estão representadas a tracejado as ansas e relações P-V de um coração normal. A linha 1 corresponde à relação pressão-volume
telediastólica, a linha 2 à ansa P-V e a linha 3 à relação pressão-volume telessistólica. 
Na presença de disfunção sistólica (painel B, linha a cheio) observa-se uma diminuição da fracção de ejecção (traduzida pela menor largura da ansa P-V) e uma
redução da contractilidade miocárdica, expressa pelo menor declive da relação P-V telessistólica (seta). Na disfunção sistólica há aumento das pressões de
enchimento devido a um deslocamento da ansa P-V para a direita, ao longo da mesma relação P-V telediastólica.
Pelo contrário, na disfunção diastólica (Painel C) a relação P-V telediastólica está deslocada para cima e para a esquerda (linha a cinzento). Isto faz com que um
determinado volume de enchimento ventricular só seja alcançado à custa de pressões de enchimento muito superiores às observadas para o mesmo volume num
indivíduo normal (ver pontos A e B do painel C). Além disso, na disfunção diastólica o próprio declive da linha da relação P-V telediastólica (declive da linha
a cinzento no painel C) também é maior em relação ao observado no indivíduo normal (linha 1, a tracejado, no painel C). Daqui resulta que, no indivíduo com
disfunção diastólica uma dada variação de volume ventricular provoca uma variação significativamente maior das pressões intraventriculares do que num
indivíduo normal. No painel C as propriedades sistólicas estão normais, incluindo a fracção de ejecção e o declive e posição da relação pressão-volume
telessistólica.

The dotted lines in Figure 1A, B and C show the pressure-volume loops and relations in the normal heart. Line 1 corresponds to the end-diastolic pressure-volume
relation, line 2 to the pressure-volume loop, and line 3 to the end-systolic pressure-volume relation.
In systolic dysfunction (Figure 1B, solid line), there is reduced ejection fraction (reflected in a narrower pressure-volume loop) and reduced myocardial contractility,
expressed by the shallower slope of the end-systolic pressure-volume relation (arrow). There are also increased filling pressures due to the shift of the pressure-volume
loop to the right, along the same end-diastolic pressure-volume relation.
By contrast, in diastolic dysfunction (Figure 1C), the end-diastolic pressure-volume relation is shifted upward and leftward (gray line). This means that any given
ventricular filling volume will only be attained with far higher filling pressures than those observed for the same volume in a normal individual (points A and B in
Figure 1C). In addition, the slope of the end-diastolic pressure-volume relation (gray line in Figure 1C) is also steeper than that observed in a normal individual
(line 1, dotted, in Figure 1C). This means that, in diastolic dysfunction, a given change in ventricular volume produces a significantly greater variation in
intraventricular pressures than in a normal individual. In Figure 1C, systolic properties are normal, including ejection fraction and the slope and position of the end-
systolic pressure-volume relation.
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consequentemente, das pressões de enchimento
ventricular (ver painel C, Figura 1).

Avaliação do Grau de Disfunção Diastólica
A ecocardiografia desempenha um papel

essencial tanto no diagnóstico da ICFEP como na
avaliação do grau de disfunção diastólica (DD). A
caracterização do grau de DD é relevante uma vez
que, como será abordado posteriormente, poderá
ter importantes implicações terapêuticas. 

Com base na avaliação ecocardiográfica,
integrando sobretudo os dados do Doppler do fluxo
transmitral e do Doppler Tecidular, podem ser
definidos quatro graus de disfunção diastólica
(DD)(17) (ver Figura 2). No indivíduo normal (painel
A, Figura 2), ocorre um pico na velocidade do fluxo
transmitral no início da diástole (onda E), seguido
posteriormente de outro pico de velocidade
durante a contracção auricular (onda A). No grau I
de DD (painel B, Figura 2), ocorre um atraso do
relaxamento que faz com que a velocidade do fluxo
transmitral seja menor no início da diástole (há

diastole is so high that the contribution of atrial
contraction is reduced once again. At this stage,
transmitral flow is similar to that in the normal
individual (and hence is known as a pseudo-
normal pattern), with the E wave again greater
than the A wave. Differential diagnosis between
grade II DD and normal function is mainly by
analyzing tissue Doppler velocities at the mitral
annulus, and particularly the E/e’ ratio, which is
increased in all grades of diastolic dysfunction.
Finally, increasing ventricular stiffness leads to a
restrictive pattern (Figure 2D), which is
characterized by a further increase in E wave
velocity, with a very high peak but rapid
deceleration (reduced DDT). This pattern is
found in grades III and IV diastolic dysfunction
(depending on whether or not it is reversible) and
is associated with poor prognosis.
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Figura 2. Velocidade do fluxo transmitral avaliada por Doppler (em cima) e velocidade do Doppler tecidular a nível do anel mitral (em baixo), no
coração normal e na presença de disfunção diastólica de gravidade crescente.

Figure 2. Transmitral flow velocity assessed by Doppler (top) and tissue Doppler velocity at the mitral annulus (bottom), in the normal heart and in
the presence of worsening diastolic dysfunction.

Legenda: DD - Disfunção diastólica; DDT - Tempo de desacelaração diastólica; E - velocidade de fluxo transmitral durante o enchimento ventricular precoce;
A - velocidade de fluxo transmitral durante a contracção auricular; e’ - velocidade do Doppler tecidular a nível do anel mitral durante o enchimento ventricular
precoce; a’ - velocidade do Doppler tecidular a nível do anel mitral durante a contracção auricular.

DD: diastolic dysfunction; DDT: diastolic deceleration time; E: transmitral flow velocity during early ventricular filling; A: transmitral flow velocity during atrial
contraction; e’: tissue Doppler velocity at the mitral annulus during early ventricular filling; a’: tissue Doppler velocity at the mitral annulus during atrial contraction
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diminuição da velocidade da onda E), pelo que o
fluxo é maior sobretudo durante a contracção
auricular (aumento da onda A), o que causa uma
inversão da relação E/A e um aumento do tempo
de desaceleração diastólico (DDT). Com a
progressão da DD, surge o grau II (painel C,
Figura 2). Nesta fase, a maior parte do enchimento
do VE passa a ocorrer novamente no início da
diástole uma vez que, com o agravar da disfunção
diastólica, a pressão no VE no fim da diástole é tão
elevada que a contribuição da contracção da
aurícula passa novamente a ser menor. Nesta fase
o padrão do fluxo transmitral é semelhante ao do
indivíduo normal (por isso é chamado padrão
“pseudo-normal”), com uma onda E novamente
superior à onda A. O diagnóstico diferencial entre
este grau II de DD e o normal faz-se sobretudo
recorrendo à análise da velocidade do Doppler
tecidular a nível do anel mitral, e, mais
concretamente, à relação E/e’, que está aumentada
em todos os graus de disfunção diastólica.
Finalmente, com o agravamento da rigidez
ventricular surge o padrão restritivo (painel D,
Figura 2). Este caracteriza-se por um novo
aumento da velocidade da onda E, que se torna
muito elevada, mas com uma rápida desacelaração
deste fluxo (diminuição do DDT). Este padrão
restritivo está associado aos graus III e IV de DD
(conforme este padrão seja ou não reversível,
respectivamente) e está associado a um mau
prognóstico.

Novos Mecanismos Fisiopatológicos
Potencialmente Envolvidos na ICFEP 

Por tudo o que tem sido demonstrado, na
ICFEP as anomalias da função diastólica
desempenham um papel fundamental na
fisiopatologia desta entidade (9). Além disso, parece
evidente que a progressão da disfunção diastólica
- ou seja o agravamento progressivo das alterações
do relaxamento e o aumento da rigidez ventricular
- desempenha um papel fundamental no
aparecimento dos sintomas. A título de exemplo, a
transição da fase de doença cardíaca hiperten-
siva assintomática para a ICFEP é causada
predominantemente pelo agravamento da DD (18). 

Estes mecanismos não permitem, no entanto,
compreender cabalmente a fisiopatologia desta
entidade. Da investigação nesta área têm emergido
outros factores, incluindo factores extra-cardíacos,
que se crê poderem também contribuir para o
aparecimento da ICFEP (19). Assim, há evidências

New pathophysiological mechanisms
potentially involved in HFPEF

As demonstrated above, abnormalities in
diastolic function play a fundamental part in the
pathophysiology of HFPEF (9). Furthermore, it
appears that worsening diastolic dysfunction -
progressive changes in relaxation and increases
in ventricular stiffness - plays an important role
in the appearance of symptoms. For example,
progression from asymptomatic hypertensive
heart disease to HFPEF is mainly caused by
worsening DD (18).

Such mechanisms do not, however, fully
explain the pathophysiology of this entity. Other
factors have emerged from research in this area,
including extracardiac factors, that are also
believed to contribute to the development of
HFPEF (19). Evidence suggests that some HFPEF
patients have increased filling pressures due to
an increase in effective circulating volume (20). At
the same time, besides ventricular stiffness,
increased arterial stiffness, endothelial
dysfunction and changes in ventricular-arterial
coupling can exacerbate variations in blood
pressure and lead to the development of HFPEF
in some patient subgroups (10-11). It has also been
demonstrated that exercise intolerance in
patients with HFPEF may be due to chronotropic
incompetence, which results in the inability to
increase heart rate appropriately in response to
exercise, and in reduced vasodilator reserve (12).
More recently, based on echocardiographic data
obtained by speckle tracking, differences have
been reported in ventricular stretching, radial
deformation and twisting between HF patients
with preserved and reduced ejection fraction (21).

TREATMENT OF HFPEF

Despite its high prevalence, poor prognosis
and impact on public health, treatment of HFPEF
remains largely empirical. Unlike HFREF, few
randomized clinical trials have been conducted
in these patients.

Thus, treatment of HFPEF consists of
relieving symptoms and optimizing ventricular
filling parameters. The main therapeutic
strategies are blood pressure control, reduction of
ventricular filling pressures (maintaining
euvolemia if possible), maintaining sinus 
rhythm to prevent tachycardia, neurohumoral70
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que sugerem que alguns doentes com ICFEP
possam ter um aumento das pressões de
enchimento à custa de um aumento do volume
circulante efectivo (20). Por outro lado, além da
rigidez ventricular, o aumento da rigidez arterial, a
disfunção endotelial e a alteração do acoplamento
ventrículo-arterial podem exacerbar as variações
da pressão arterial e, dessa forma, causar o
desenvolvimento de ICFEP em alguns subgrupos
de doentes (10-11). Foi ainda demonstrado que nos
doentes com ICFEP a intolerância ao esforço pode
ser também devida a uma incompetência
cronotrópica, que se traduz por uma incapacidade
em aumentar adequadamente a frequência
cardíaca em resposta ao exercício, e a uma
diminuição da reserva vasodilatadora (12). Mais
recentemente, recorrendo a dados ecocardio-
gráficos obtidos por speckle tracking foram
demostradas diferenças no estiramento, na rotação
e na torção ventriculares entre os doentes com IC
com FE preservada e com FE diminuída (21).

O TRATAMENTO DA ICFEP

Surpreendentemente, apesar da sua elevada
prevalência, do seu sombrio prognóstico e do
impacto na saúde pública, o tratamento da ICFEP
permanece largamente empírico. Contrariamente
ao observado na ICFER, poucos são os ensaios
clínicos randomizados conduzidos nestes doentes.

Deste modo, a estratégia de tratamento destes
doentes passa pelo alívio sintomático e pela
tentativa de optimização dos parâmetros de
enchimento ventricular. Os princípios gerais do
tratamento consistem no controlo da pressão
arterial, na redução das pressões de enchimento
ventricular (tentando manter a euvolemia), na
manutenção do ritmo sinusal evitando taquicardia,
na modulação neuro-humoral, no tratamento das
comorbilidades subjacentes e no controlo dos
factores precipitantes de descompensação aguda.

Controlo da Pressão Arterial
O controlo agressivo da pressão arterial é um

dos pontos fundamentais na abordagem dos
doentes com ICFEP, podendo desempenhar um
importante papel na prevenção da ICFEP, na
melhoria da sintomatologia e na redução do
número de descompensações agudas por IC.

É conhecida a forte associação epidemiológica
entre a HTA e a ICFEP pelo que, o tratamento

modulation, treatment of underlying
comorbidities, and control of factors that may
trigger acute decompensation.

Blood pressure control
Aggressive blood pressure control is crucial,

since it plays an important role in preventing
HFPEF, improving symptoms and reducing
episodes of acute decompensation.

There is a strong epidemiological association
between hypertension and HFPEF, and so early
treatment of HT helps prevent development of
symptomatic diastolic dysfunction.

Treating HT in HFPEF patients can also
reduce the incidence of decompensation for acute
HF. As stated above, a rapid rise in blood
pressure induces diastolic dysfunction through
delayed ventricular relaxation. This explains why
patients with HFPEF present acute pulmonary
edema in the context of rapid and sharp rises in
blood pressure (14).

Blood pressure control can also improve
symptoms in these patients. It has been
demonstrated that aggressive treatment of HT
improves diastolic function, particularly
ventricular relaxation (22). In addition, it is known
that HFPEF patients present not only increased
ventricular stiffness but also arterial stiffness.
This means that during exercise, these patients
show a marked rise in blood pressure and hence
delayed ventricular relaxation and exercise
intolerance. Controlling this hypertensive
response during exertion would improve their
symptoms.

Another advantage of antihypertensive
therapy in HFPEF is that it leads to regression of
left ventricular hypertrophy (LVH) and improved
ventricular-arterial coupling.

Importance of maintaining sinus rhythm
In normal diastolic function, most ventricular

filling takes place at the beginning of diastole
during the rapid filling phase, with a relatively
small contribution from atrial contraction. In
patients with relaxation abnormalities,
ventricular filling is reduced in the initial phase
of diastole and is more dependent on atrial
function (see above). Thus, in these patients,
atrial fibrillation (AF), with loss of atrial
contraction, can lead to hemodynamic
deterioration and hence decompensation. New-
onset AF in these patients is one of the most 71
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precoce da HTA previne o desenvolvimento de
disfunção diastólica sintomática. 

O tratamento da HTA na ICFEP pode também
diminuir o número de descompensações por IC
aguda. Como foi dito previamente, uma elevação
rápida da pressão arterial induz disfunção
diastólica, porque causa atraso no relaxamento
ventricular. Isto explica porque é que os doentes
com ICFEP apresentam episódios de edema agudo
do pulmão no contexto de aumentos rápidos e
marcados da pressão arterial (14).

O controlo da pressão arterial pode ainda
melhorar a sintomatologia destes doentes. Está
demonstrado que o tratamento agressivo da HTA
melhora a função diastólica, nomeadamente o
relaxamento ventricular (22). Além disso, sabe-se
que os doentes com ICFEP, apresentam aumentos
não só da rigidez ventricular como também da
rigidez arterial. Isto faz com que, durante o esforço,
estes doentes tenham uma elevação exagerada da
pressão arterial e consequentemente, um atraso do
relaxamento ventricular e intolerância ao esforço.
O controlo desta resposta hipertensiva ao esforço
permitirá melhorar a sintomatologia destes
doentes. 

Outros benefícios do tratamento anti-hiperten-
sor na ICFEP são a indução de regressão da HVE
e uma melhoria do acoplamento ventrículo-
arterial. 

Importância de Manter o Ritmo Sinusal
No indivíduo com função diastólica normal a

maior parte do enchimento ventricular ocorre no
início da diástole, durante a fase de enchimento
rápido, sendo relativamente pequena a contri-
buição da contração auricular. Nos doentes com
alteração do relaxamento, o enchimento do
ventrículo é menor na fase inicial da diástole
ficando mais dependente da função auricular (ver
em cima). Deste modo, nestes doentes o
aparecimento de fibrilação auricular (FA), com a
perda da contracção da aurícula, pode levar a uma
deterioração hemodinâmica e consequentemente a
descompensação da IC. Nestes doentes, o
aparecimento de FA de novo é um dos mais
frequentes factores precipitantes de descom-
pensação e de hospitalização por IC aguda (6).

Quando a ICFEP está associada a FA, a
realização de cardioversão farmacológica ou
eléctrica parece ajudar a manter um débito
cardíaco adequado, através da manutenção da
contracção auricular.

common triggers for decompensation and
hospitalization for acute HF (6).

When HFPEF is associated with AF,
pharmacological or electrical cardioversion
appears to help maintain adequate cardiac output
through maintaining atrial contraction.

Treatment of comorbidities and other
triggering factors

HFPEF patients frequently present multiple
comorbidities, including hypertension, diabetes,
obesity, ischemic heart disease and renal failure.
Besides uncontrolled hypertension and atrial
arrhythmias (particularly AF), other common
factors triggering episodes of decompensation are
poor adherence to therapy, increased salt and
water intake, ischemia (as mentioned above) and
infection. It is therefore essential to adopt an
integrated and multidisciplinary approach to
such factors in HFPEF, so as to reduce not only
cardiovascular morbidity and mortality and the
number of episodes of decompensated HF, but
also associated complications.

Use of specific drugs in HFPEF
1. Diuretics

HFPEF patients are highly sensitive to
changes in volume and preload, since they
present a steep slope in the end-diastolic
pressure-volume relation (Figure 3). This
explains why increased salt and water intake is a
common trigger for acute decompensated HF and
also why these patients are extremely sensitive to
diuretic therapy.

The use of diuretics in HFPEF reduces
pulmonary venous pressure, and consequently
pulmonary congestion, by shifting the LV end-
diastolic pressure-volume relation to a more
favorable, less steep position (Figure 3).
Hemodynamic changes induced by diuretics
and/or salt restriction relieve these patients’
symptoms, particularly exercise intolerance.
However, merely changing the position of LV
volume on the end-diastolic pressure-volume
relation only improves symptoms; it has no
impact on long-term survival, since it has no
effect on the underlying cause. A truly effective
therapy would shift the end-diastolic pressure-
volume relation downward and rightward 
(Figure 3). Thus, diuretics in HFPEF can be seen
as similar to paracetamol for fever: they improve
symptoms and quality of life but do not change72
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Tratamento das Comorbilidades e de Outros
Factores Precipitantes

Os doentes com ICFEP apresentam
frequentemente múltiplas comorbilidades, nomea-
damente hipertensão, diabetes, obesidade, doença
cardíaca isquémica e insuficiência renal. Entre os
factores precipitantes de descompensação de IC é
frequente encontrar não só a hipertensão não
controlada e as arritmias auriculares (nomea-
damente a FA) como também, a má adesão à
terapêutica, o aumento do aporte de sal e água, a
isquemia (também já abordada anteriormente) e as
infecções. Deste modo, na ICFEP é fundamental
uma abordagem integrada e multidisciplinar
destes vários factores, de modo a permitir reduzir
não só a morbi-mortalidade cardiovascular e o
número de episódios de descompensação de IC,
mas também as complicações inerentes aos
mesmos.

Utilização de Agentes Farmacológicos
Específicos na ICFEP

1. Diuréticos
Os doentes com ICFEP são extremamente

sensíveis a variações do volume e da pré-carga,
uma vez que apresentam um declive acentuado da
relação pressão-volume telediastólica (ver Figura
3). É por isso que um aumento da ingestão de sal e
água funciona como um factor precipitante
frequente de descompensação por IC aguda e é
também por isso, que estes doentes são bastante
sensíveis à terapêutica diurética.

Na verdade, a utilização de diuréticos na
ICFEP permite reduzir a pressão venosa pulmonar
e consequentemente a congestão pulmonar, ao
induzir um deslocamento do volume telediastólico
do VE para uma posição mais favorável, e menos
inclinada, na relação pressão-volume tele-
diastólica (ver Figura 3). Estas alterações
hemodinâmicas induzidas pelos diuréticos e/ou
pela restrição do aporte de sal, permitem reduzir a
sintomatologia destes doentes, nomeadamente a
intolerância ao esforço. Contudo, terapêuticas que,
como os diuréticos, apenas levam alteração da
posição do volume do VE na curva de pressão-
volume telediastólica, apenas melhoram a
sintomatologia e não têm impacto na sobrevida a
longo prazo, uma vez que não influenciam a causa
subjacente. Um agente realmente terapêutico
deverá ser capaz de deslocar a relação pressão-
volume telediastólica para baixo e para a direita

the natural history of the underlying disease. This
was confirmed in a recent randomized study on
the use of diuretics in HFPEF, which showed that
these agents improve patients’ quality of life but
do not increase survival (23).

At the same time, the sensitivity of HFPEF
patients to changes in volume, particularly
central volume, means diuretics must be used
with caution, since due to these patients’
increased ventricular stiffness, they need higher
diastolic ventricular pressures in order to
maintain ventricular filling and hence adequate
cardiac output. High doses of these agents can
result in excessive reduction in preload and
ejection volume, leading to hypotension (15).

In conclusion, diuretics should be used in
most HFPEF patients, but initially at low doses
with progressive dose titration. In general, lower
doses are required than in patients with systolic
HF.

2. Nitrates
The use of nitrates in these patients may be

beneficial since these agents reduce central
volume, helping to shift diastolic volume to a
more favorable position on the end-diastolic 73
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In patients with HFPEF (curve A), the end-diastolic pressure-volume relation
has a steep slope, which means that small changes in left ventricular volume
cause marked variations in intraventricular pressures. The use of diuretics in
HFPEF patients reduces LV volume, along the same end-diastolic pressure-
volume relation (shown in the above figure by a shift of point 1 to point 2).
Thus, by reducing intraventricular volume, even slightly, diuretics markedly
reduce end-diastolic pressure and LV filling pressures, and hence improve
symptoms. On the other hand, these patients require higher filling pressures to
maintain end-diastolic volume and cardiac output, and so diuretic therapy
should be carefully monitored. A truly effective treatment for HFPEF must
shift the end-diastolic pressure-volume relation downward and rightward
(from A to B ? arrow), similar to the curve observed in the normal heart.

Figure 3. Hemodynamic effects of possible therapeutic interventions on
the left ventricular end-diastolic pressure-volume relation
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(ver Figura 3). Sendo assim, a utilização de
diuréticos na ICFEP poderá ser equiparada à
utilização de paracetamol para a febre, ou seja,
resulta numa melhoria da sintomatologia e da
qualidade de vida, não alterando a história 
natural da doença subjacente. Estes dados 
foram confirmados recentemente num estudo
randomizado, em que foi avaliada a utilização de
diuréticos na ICFEP, tendo sido demonstrado que
estes agentes melhoram a qualidade de vida dos
doentes, mas não aumentam a sua sobrevida (23).

Por outro lado, a grande sensibilidade que estes
doentes apresentam a variações do volume, e
particularmente do volume dito “central”, também
obriga a uma utilização judiciosa dos diuréticos
neste contexto, uma vez que, devido ao aumento da
rigidez ventricular, estes doentes necessitam 
de pressões ventriculares diastólicas mais altas
para manter um enchimento ventricular e,
consequentemente, um débito cardíaco adequado.
A administração de doses elevadas destes
fármacos pode causar uma diminuição excessiva
da pré-carga, e uma diminuição do volume de

pressure-volume relation. Moreover, nitrates,
unlike diuretics, have a direct effect on the
myocardium, leading to release of nitric oxide
(NO), which appears to improve ventricular
distensibility (24). However, the use of nitrates in
this context has yet to be assessed in clinical
trials.

3. Beta-blockers
In theory, beta-blockers have various potential

benefits in the treatment of HFPEF: by reducing
heart rate they increase the duration of diastole
and hence ventricular filling time; they decrease
myocardial oxygen requirements, lower blood
pressure, and can induce regression of LVH. On
the other hand, these beneficial effects may be
weakened to some extent since beta-blockers
delay ventricular relaxation and have negative
inotropic and lusitropic effects.

The benefits of reduced heart rate may not be
the same for all patients with diastolic
dysfunction. In grade I or II DD, duration of
diastole is extremely important for ventricular
filling, and so beta-blockers and other negative
chronotropic agents have a favorable effect on
symptoms by increasing the time of diastole. By
contrast, in those with grade III or IV DD
(restrictive pattern), LV filling takes place almost
entirely during the first half of diastole. Thus,
negative chronotropic therapy will be less
beneficial in these patients, since they have a
fixed ejection volume and decreasing heart rate
will reduce cardiac output and therefore worsen
symptoms. This is yet another example of the
importance of an individualized approach in
these patients.

Beta-blockers are recommended in all
patients with systolic HF, based on the data from
various clinical trials (25). However, despite the
theoretical advantages of these agents in HFPEF,
there have been few studies assessing their
efficacy in this context (26). Data from
observational studies indicate that beta-blockers
in HFPEF reduce mortality (27). The SENIORS
trial (28), which tested nebivolol in heart failure
patients aged over 70, found that in the subgroup
of patients with EF >35% there was a non-
significant tendency for nebivolol to have a
beneficial effect on the composite endpoint of
death and cardiovascular hospital admission.
However, since due to the low cut-off point of
35% for EF this subgroup with ‘preserved’74

Figura 3. Efeitos hemodinâmicos de potenciais intervenções
terapêuticas na relação pressão-volume telediastólica do VE.

Os doentes com ICFEP (curva A) apresentam um elevado declive da
relação pressão-volume telediastólica, o faz com que pequenas variações
do volume VE causem variações marcadas das pressões intraventriculares.
A administração de diuréticos nos doentes com ICFEP permite diminuir o
volume do VE, ao longo da mesma linha de relação pressão-volume
telediastólica (visível na figura por um deslocamento do ponto 1 para o
ponto 2). Desta forma, os diuréticos ao causarem uma diminuição, mesmo
que ligeira, do volume intraventricular levam a uma redução acentuada da
pressão telediastólica e das pressões de enchimento do VE, induzindo uma
melhoria da sintomatologia. Por outro lado, estes doentes necessitam de
pressões de enchimento mais elevadas para manter o volume telediastólico
e o débito cardíaco, pelo que o uso de diuréticos deve ser cuidadosamente
monitorizado. Um agente realmente terapêutico para a ICFEP deverá ser
capaz de deslocar a relação pressão-volume telediastólica para baixo e para
a direita (de A para B, seta), ou seja, para a curva observada no oração
normal.
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ejecção com, consequentes episódios de
hipotensão (15). 

Em conclusão, nos doentes com ICFEP os
diuréticos devem ser utilizados na grande maioria
dos doentes, mas inicialmente em doses baixas,
com posterior titulação progressiva da dose. Em
geral, são necessárias doses mais baixas que as
utilizadas habitualmente no doente com IC
sistólica.

2. Nitratos
A utilização de nitratos nestes doentes

poderá ser benéfica uma vez que estes fármacos
diminuem o volume “central”, ajudando a
deslocar o volume diastólico para uma posição
mais favorável na curva pressão-volume
telediastólica. Além disso, os nitratos, contra-
riamente aos diuréticos, têm efeitos directos
sobre o miocárdio, levando à libertação de óxido
nítrico, o que parece induzir uma melhoria da
distensibilidade ventricular (24). Contudo, a
utilização de nitratos neste contexto não foi
ainda objecto de análise em nenhum ensaio
clínico.

3. Bloqueadores Beta
De um ponto de vista conceptual, os

bloqueadores beta (BB) têm vários benefícios
potenciais no tratamento da ICFEP: ao
reduzirem a frequência cardíaca aumentam a
duração da diástole e o tempo de enchimento
ventricular; reduzem as necessidades de
oxigénio do miocárdio; diminuem a pressão
arterial; podem induzir regressão da HVE. Por
outro lado, estes efeitos benéficos poderão ser
parcialmente atenuados porque os BB atrasam o
relaxamento ventricular e têm efeitos
inotrópicos e lusitrópicos negativos.

Os benefícios da diminuição da frequência
cardíaca podem não ser idênticos em todos os
doentes com disfunção diastólica. Nos
indivíduos com disfunção diastólica (DD) dos
graus I e II, a duração da diástole é muito
importante para o enchimento ventricular pelo
que, os BB ou outros agentes cronotrópicos
negativos providenciam uma resposta
sintomática favorável, ao induzirem um aumento
do tempo de diástole. Pelo contrário, em doentes
com DD dos graus III ou IV (padrão restritivo),
o enchimento do VE processa-se quase
inteiramente na primeira metade da diástole. Ou
seja, nestes últimos graus de DD, a terapêutica

ejection fraction included patients with LV
systolic dysfunction, the clinical importance of
these results for the population with HFPEF
remains unclear. Nebivolol has three potentially
useful characteristics in HFPEF: it is a negative
chronotropic agent, it has antihypertensive effects
and, due to its vasodilator properties linked to NO
release, it increases arterial and possibly
ventricular distensibility, thus improving
ventricular-arterial coupling.

To summarize, the use of beta-blockers in
clinical practice for patients with HFPEF appears
to be beneficial; they are generally well tolerated
and gradual titration of the dose is unnecessary,
unlike in systolic HF. The only exception is for
patients with grade III or IV diastolic dysfunction
(restrictive pattern).

4. Other negative chronotropic agents
Calcium channel blockers, particularly

verapamil and diltiazem, are also theoretically
attractive in HFPEF treatment due to their
negative chronotropic and blood pressure
lowering effects. Small prospective studies have
demonstrated that verapamil compared to
placebo improves these patients’ quality of life by
relieving symptoms and increasing exercise
capacity (29, 30).

Ivabradine, a selective sinus node If current
inhibitor, selectively reduces heart rate with the
advantage that, unlike beta-blockers, it does not
delay relaxation or reduce contractility. In animal
models of HF, ivabradine was shown to have
beneficial effects on myocardial function and to
reduce LV collagen density (31). The possible
benefits of this agent in HFPEF are for now
purely theoretical, in the absence of experimental
evidence.

Recent evidence suggests that HFPEF
patients present chronotropic incompetence and
that this may be partly responsible for their
exercise intolerance (12). Thus, heart rate control
should be approached with caution since if it is
too aggressive, it may be poorly tolerated by
certain patients, particularly those with grade III
or IV diastolic dysfunction.

5. Renin-angiotensin system modulators
Activation of the renin-angiotensin-

aldosterone system raises blood pressure,
stimulates salt and water retention in the kidneys,
and promotes myocardial fibrosis and ventricular 75
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cronotrópica negativa não será tão benéfica,
uma vez que estes doentes têm já um volume de
ejecção fixo pelo que, a diminuição da
frequência cardíaca irá causar uma diminuição
do débito cardíaco, com consequente
agravamento da sintomatologia. Este é mais um
aspecto que sublinha a importância de uma
abordagem terapêutica individualizada destes
doentes.

É sabido que a utilização dos BB está
recomendada em todos os doentes com IC
sistólica, com base nos dados de vários ensaios
clínicos (25). Apesar das supracitadas vantagens
teóricas destes agentes na ICFEP, poucos têm
sido os estudos a avaliar a sua eficácia neste
contexto (26). Dados extraídos de estudos
observacionais apontam para que a utilização de
BB na ICFEP leve a uma diminuição da
mortalidade (27). No estudo SENIORS (28), em que
foi testado o nebivolol numa população de
doentes com insuficiência cardíaca e mais de 70
anos de idade, observou-se que no subgrupo de
doentes com uma FE>35% houve uma
tendência, não significativa, para o benefício do
nebivolol em termos do endpoint composto de
morte e hospitalização cardiovascular. Contudo,
uma vez que este subgrupo com fracção de
ejecção “preservada” se encontra contaminado
por doentes com disfunção sistólica ventricular
esquerda, devido ao cut-off baixo de 35% para a
FE, permanece por esclarecer a relevância
clínica destes resultados na população com
ICFEP. O nebivolol tem três características
potencialmente úteis na ICFEP: é um agente
cronotrópico negativo, é um anti-hipertensor e,
dadas as suas propriedades vasodilatadoras
relacionadas com a libertação de NO, aumenta a
distensibilidade arterial (e potencialmente
também a distensibilidade ventricular), melho-
rando o acopolamento ventrículo-arterial.

Em resumo, a utilização na prática clínica
dos BB em doentes com ICFEP parece ser
benéfica e sabe-se que estes agentes são
geralmente bem tolerados, não sendo necessária
uma titulação lenta e progressiva da dose,
contrariamente ao que ocorre na IC sistólica. A
única excepção parece ser nos doentes com
disfunção diastólica dos graus III e IV (padrão
restritivo).

4. Outros Agentes Cronotrópicos Negativos
Os antagonistas dos canais de cálcio,

hypertrophy, all of which, in isolation or in
combination, contribute to the development and
progression of diastolic dysfunction.

Thus, neurohumoral modulation of this system
is theoretically of benefit in patients with HFPEF.
Various experimental studies in animals and
humans have in fact shown that inhibiting this
system with angiotensin-converting enzyme
inhibitors (ACEIs) or angiotensin receptor
blockers (ARBs) improves diastolic function,
induces regression of myocardial fibrosis and
decreases left ventricular mass (32,  33).

It is also known that left atrial (LA) dilatation,
in the absence of an underlying cause, can be
seen as a morphological expression of prolonged
diastolic dysfunction and that increased LA
volume is a marker of its chronicity (17). In patients
with LA dilatation, treatment with ACEIs or
ARBs leads to favorable remodeling of the
atrium, an effect that is independent of blood
pressure reduction (34). Thus, particularly in
patients with LA enlargement, inhibiting the
renin-angiotensin system reduces the risk of new-
onset AF (35) and hence the number of
decompensations for acute HF.

Moreover, ACEIs and ARBs have other
beneficial effects in patients with multiple
comorbidities, such as diabetes, coronary disease
and chronic renal failure. Among other effects,
inhibition of the renin-angiotensin system in such
patients reduces cardiovascular events (36) and
delays progression to renal failure.

On the available evidence, particularly on
their neurohumoral effects, ACEIs and ARBs are
probably the antihypertensives of choice in
HFPEF, since it has also been demonstrated that
lowering blood pressure with ARBs improves
diastolic function (22).

Somewhat surprisingly, all these potential
benefits have yet to be reflected in significant
reductions in clinical events. In one of the few
randomized clinical trials conducted specifically
in HFPEF patients - the CHARM-Preserved Trial
- candesartan, compared to placebo, reduced the
number of hospitalizations for heart failure, but
did not significantly reduce mortality (37).
Similarly, the PEP-CHF study, which compared
perindopril to placebo in a similar population,
showed that one year’s treatment with perindopril
improved certain secondary endpoints,
particularly symptom relief, increased exercise
capacity and reduced hospital admissions for HF,76
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particularmente o verapamil e o diltiazem, pelos
seus efeitos cronotrópico negativo e de redução
da pressão arterial, são igualmente teoricamente
atractivos no tratamento da ICFEP. Estudos
prospectivos de pequena dimensão demons-
traram que o verapamil, em comparação com o
placebo, melhora a qualidade de vida destes
doentes, induzindo melhoria sintomática e da
capacidade de exercício (29) (30). 

A ivabradina, um inibidor específico da
corrente If no nó sinusal, causa uma redução
selectiva da frequência cardíaca com a
vantagem de, contrariamente aos BB, não
induzir um atraso no relaxamento e não causar
uma diminuição da contractilidade. Em modelos
animais de IC a ivabradina demonstrou efeitos
benéficos sobre a função do miocárdio e reduziu
a densidade de colagéneo no ventrículo
esquerdo (31). Os potenciais benefícios deste
agente no âmbito da ICFEP são, para já, apenas
conceptuais carecendo de evidência
experimental.

Por outro lado, evidências recentes sugerem
que os doentes com ICFEP apresentam in-
competência cronotrópica, e que esta pode ser
parcialmente responsável pelos sintomas de
intolerância ao esforço (12). Deste modo, o
controlo da frequência cardíaca deve ser feito
com precaução uma vez que, se for muito
agressivo, pode ser mal tolerado por alguns
doentes, particularmente naqueles com
disfunção diastólica dos graus III e IV.

5. Moduladores do Eixo Renina-Angiotensina
A activação do eixo renina-angiotensina-

aldosterona contribui para a elevação da pressão
arterial, estimula a retenção renal de sódio e
água, promove a fibrose do miocárdio e a
hipertrofia ventricular. Estes aspectos,
isoladamente ou em conjunto, contribuem para o
aparecimento e para a progressão da disfunção
diastólica. 

Desta forma, a modulação neuro-humoral
deste eixo é teoricamente benéfica nos doentes
com ICFEP. Na verdade, vários estudos
experimentais realizados, quer em animais quer
em humanos, mostraram que a inibição deste
eixo, com IECAs ou com ARAS, melhora a
função diastólica, induz a regressão da fibrose
do miocárdio e diminui a massa ventricular
esquerda (32) (33). 

Sabemos ainda que a dilatação da aurícula

but did not significantly improve survival (38). Both
these studies appear to indicate that inhibition of
the renin-angiotensin system, while not affecting
mortality, does at least lead to improved quality of
life for these patients, an important factor in an
elderly population with multiple comorbidities.
In contrast to the above findings, a recent
prospective study demonstrated that in patients
with HFPEF the use of ACEIs after a first
hospitalization for decompensated HF was
associated with a significant reduction (up to
40%) in mortality at five years (39). Results from
the I-PRESERVE study on irbesartan are to be
published shortly.

6. Aldosterone antagonists
Aldosterone has known effects on the

myocardium and blood vessels, promoting
myocyte hypertrophy, fibrosis and collagen
deposition, all of which may contribute to
increased myocardial and arterial stiffness,
leading to diastolic dysfunction (40).

To date, the use of aldosterone antagonists in
the context of HFPEF has been evaluated in only
one small study involving around 30 patients,
which demonstrated that spironolactone
improved echocardiographic indices of diastolic
dysfunction (41).

Based on their theoretical benefit, a
randomized clinical trial - the TOPCAT study - is
currently in progress aimed at assessing the role
of aldosterone antagonists in HFPEF patients.

7. Digoxin
In theory, digoxin would appear inappropriate

for patients with HFPEF, since by increasing
intracytoplasmic calcium concentrations, it
delays myocardial relaxation. Moreover, as a
positive inotropic agent, it would not bring
significant benefits to patients with preserved
systolic function.

The DIG-PEF trial (42) found that the use of
digoxin in HFPEF, while having no effect on
mortality, was associated with a non-significant
tendency for fewer hospital admissions for HF.
However, digoxin did not reduce total
hospitalizations for cardiovascular cause, since
its use was associated with more admissions for
unstable angina. The mechanisms behind the
partial benefit of digoxin in reducing hospital
admissions for HF remain to be determined, but
may be due to its negative chronotropic effect in 77
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esquerda (AE), na ausência de uma causa
precipitante subjacente, pode ser visto como
uma expressão morfológica de disfunção
diastólica prolongada e que o aumento do
volume da AE é um marcador de “cronicidade”
da disfunção diastólica (17). Nos doentes com
dilatação da AE, o tratamento com IECA ou
ARA induz uma remodelagem favorável da
aurícula, efeito que é independente da redução
da pressão arterial (34). Desta forma, sobretudo
nestes doentes já com aumento da AE, a
inibição do eixo renina-angiotensina reduz o
risco de aparecimento de FA de novo (35),
reduzindo-se assim número de descompen-
sações por IC aguda.

Além disto, os IECAs e os ARAs apresentam
outros efeitos benéficos numa população que
apresenta simultaneamente múltiplas comor-
bilidades como, a diabetes, a doença coronária
ou a insuficiência renal crónica. Nestes doentes
a inibição do eixo renina-angiotensina permite,
entre outras coisas, uma redução dos eventos
cardiovasculares (36) ou o atraso na progressão da
insuficiência renal.

Pelas evidências que têm sido apresentadas,
e particularmente pelas suas acções neuro-
humorais, os IECAs e os ARAS perfilam-se
provavelmente como os anti-hipertensores de
eleição a utilizar na ICFEP, tendo sido in-
clusivamente demonstrado que a redução da
pressão arterial com ARAs melhora a função
cardíaca diastólica (22). 

Algo surpreendentemente, todos estes
benefícios potenciais não se traduziram ainda
numa diminuição marcada dos eventos clínicos.
Na verdade, num dos poucos ensaios clínicos
randomizados conduzidos especificamente na
população de doentes com ICFEP - no estudo
CHARM-Preserved - foi comparada a utilização
de candesartan versus placebo. A utilização de
candesartan reduziu o número de hospita-
lizações por insuficiência cardíaca, não
causando uma diminuição significativa da
mortalidade (37). De igual forma, o estudo PEP-
CHF, em que se comparou perindopril versus
placebo numa população semelhante,
evidenciou que ao fim de um ano de tratamento
o perindopril melhorou alguns endpoints
secundários, levando nomeadamente a uma
melhoria da sintomatologia, a um aumento da
capacidade de exercício e uma diminuição das
hospitalizações por IC. Não foi contudo

patients with AF, or its inhibition of the
sympathetic system, stimulation of the
parasympathetic system, and suppression of the
renin-angiotensin-aldosterone system (43).

In conclusion, the role of digoxin in the
treatment of HFPEF has yet to be clarified (25). It
is therefore not recommended in all patients with
HFPEF, and its use should be restricted to
controlling heart rate in patients with
concomitant AF. Furthermore, in the elderly, the
population mainly affected by HFPEF, the risk of
digitalis intoxication is greater, and so half the
usual dose of digoxin should be used initially,
with subsequent close monitoring of serum levels.

8. Statins
The potential benefits of statins in HFPEF

patients are multiple, but can be divided into two
general categories. Firstly, due to their effect on
lipid profile, statins reduce cardiovascular events
in patients who, as mentioned above, have
multiple comorbidities and high cardiovascular
morbidity and mortality. Secondly, independently
of changes in lipid profile, statins have
pleiotropic effects that improve diastolic function
such as reducing myocardial hypertrophy and
fibrosis, and enhancing endothelial function and
arterial distensibility (44).

A small observational study confirmed the
benefits of statin therapy in HFPEF patients by
demonstrating that adding statins to conventional
treatment appeared to reduce both morbidity and
mortality in these patients (45). Controversy
remains, however, since two recently published
clinical trials on statins found no significant
benefits in populations with HF, although the
majority of the patients had systolic HF (46, 47).

FUTURE PROSPECTS FOR THE
TREATMENT OF HFPEF

Alagebrium, also known as ALT-177, is
among the new drugs being investigated for the
treatment of HFPEF. It breaks the crosslinks that
form between advanced glycosylation end-
products and proteins such as collagen. In the
elderly, increased ventricular and arterial
stiffness is partly due to the formation of these
crosslinks, and in experimental models
alagebrium improves ventricular distensibility,
arterial compliance and ventricular-arterial78
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observado um aumento significativo da
sobrevida com perindopril (38). Sendo assim,
ambos os estudos apontam para que a inibição
deste eixo, parecendo não alterar a mortalidade,
induz pelo menos uma melhoria da qualidade de
vida destes doentes, factor que é sem dúvida
relevante numa população envelhecida e com
múltiplas comorbilidades. Contrariando estes
dados, muito recentemente, um estudo
prospectivo demonstrou que a utilização de
IECA em doentes com ICFEP após uma
primeira hospitalização por IC descompensada,
está associada a uma redução significativa, de
até 40%, da mortalidade ao fim de cinco anos (39).
Aguardam-se os resultados do estudo I-
PRESERVE, com irbesartan, a publicar
brevemente.

6. Antagonistas da Aldosterona
São conhecidos os efeitos da aldosterona

sobre o miocárdio e sobre os vasos promovendo
a hipertrofia miocitária, a fibrose e a deposição
de colagéneo. Estas acções, podem contribuir
para o aumento da rigidez miocárdica e arterial,
levando a disfunção diastólica (40).

Até à data, a utilização dos antagonistas da
aldosterona no contexto da ICFEP foi avaliada
apenas num pequeno ensaio, envolvendo cerca
de 30 doentes, em que se demonstrou que a
espironolactona, melhorou os índices ecocar-
diográficos de disfunção diastólica (41).

Partindo destes pressupostos teóricos, está
actualmente em curso um ensaio clínico
randomizado, o estudo TOPCAT, que tem como
objectivo avaliar o papel do antagonismo da
aldosterona nos doentes com ICFEP. 

7. Digoxina
Em teoria, a digoxina parece ser um agente

pouco adequado para os doentes com ICFEP.
Isto porque, ao aumentar as concentrações de
cálcio intra-citoplasmático causa um atraso no
relaxamento do miocárdio. Além disso, a
digoxina é um agente inotrópico positivo que,
como tal, não beneficiaria significativamente
doentes já com uma função sistólica preservada. 

No estudo DIG-PEF (42) foi observado que a
utilização de digoxina na ICFEP, apesar de não
alterar a mortalidade, estava associada a uma
tendência, não significativa, para uma redução
das hospitalizações por IC. Contudo, a digoxina
não reduziu as hospitalizações totais devidas a

coupling. In a small clinical trial, treating
HFPEF patients with alagebrium for 16 weeks
led to a decrease in LV mass and improvements
in LV diastolic filling patterns and quality of life
(48). All the studies conducted so far with this new
drug have shown positive results, although the
impact has been less than expected. Data from
larger, randomized clinical trials are awaited.

Given the role of nitric oxide in stimulating
cGMP production and its beneficial effects on
endothelial function, vascular function, and, as
recently reported, on myocardial function, it has
been speculated that NO donors would be of
benefit in heart failure, particularly HFPEF (49).
Drugs such as type 5 phosphodiesterase
inhibitors, for example sildenafil, may have a role
in HF treatment, including HFPEF (49, 50). A
clinical trial is currently in progress to assess this
possibility.

Ideally, any new treatment for HFPEF would
alter the various underlying pathophysiological
mechanisms. The future of HFPEF treatment is
therefore dependent on a deeper understanding of
its pathophysiology. Even so, in view of the
diverse nature of the underlying mechanisms,
treatment will always have to be multidisciplinary
and individualized to each patient. This includes
enhancing diastolic function by reducing
myocardial stiffness and/or improving ventricular
relaxation, while treating concomitant extra-
cardiac factors, such as improving arterial
distensibility, ventricular-arterial coupling and
endothelial function, as well as controlling blood
pressure, diabetes and renal dysfunction.

79
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em que predominavam os doentes com IC
sistólica (46) (47). 

Futuras Direcções para o Tratamento da
ICFEP

Entre as novas perspectivas para o
tratamento da ICFEP encontra-se o alagebrium.
O alagebrium, ou ALT-177, é um fármaco que
induz a quebra das ligações cruzadas que 
se formam entre os produtos de glicosilação
avançada e proteínas como o colagéneo. Sabe-se
que, sobretudo no idoso, o aumento da rigidez
ventricular e arterial se deve parcialmente à
formação destas ligações cruzadas e que, em
modelos experimentais, o alagebrium melhora a
distensibilidade ventricular, a complacência
arterial e o acoplamento ventriculo-arterial.
Num estudo clínico de pequena dimensão, o
tratamento de doentes com ICFEP com
alagebrium durante 16 semanas induziu uma
diminuição da massa do VE e uma melhoria do
padrão de enchimento diastólico do VE e da
qualidade de vida (48). Todos os estudos
conduzidos até à data com este novo fármaco
têm sido positivos, embora com um menor
impacto que aquilo que seria esperado.
Aguardam-se dados de ensaios clínicos,
randomizados, de maior dimensão.

Dado o papel do óxido nítrico (NO) como
estimulador da produção do GMPc e, atendendo
aos seus efeitos benéficos sobre a função
endotelial, sobre a função vascular e mais
recentemente sobre a função miocárdica, tem-se
especulado sobre os benefícios dos dadores de
NO na insuficiência cardíaca, e particularmente
na ICFEP (49). Neste contexto, fármacos como os
inibidores da fosfodiesterase tipo 5, exemplo do
sildenafil, poderão desempenhar um papel no
tratamento da IC, incluindo na ICFEP (49) (50).
Encontra-se em curso um ensaio clínico para
avaliar esta possibilidade.

O(s) agente(s) ideal(ais) para o tratamento da
ICFEP será aquele capaz de alterar os vários
mecanismos fisiopatológicos subjacentes. Deste
modo, o futuro do tratamento da ICFEP estará
dependente de um aprofundamento dos
conhecimentos sobre a fisiopatologia desta
entidade. Ainda assim, dada a heterogeneidade
dos mecanismos causadores da ICFEP, o seu
tratamento será sempre multifactorial e indi-
vidualizado a cada doente. Passará pela indução
de uma melhoria da função diastólica, através

uma causa cardiovascular, uma vez que a sua
utilização esteve associada a um aumento das
admissões por angina instável. Permanece por
esclarecer qual o mecanismo potencialmente
responsável por este benefício parcial da
digoxina sobre a redução das hospitalizações
por IC, que pode dever-se ao seu efeito
cronotrópico negativo nos doentes com FA, ou às
suas propriedades de inibição do simpático,
potenciação do parassimpático e de supressão
do eixo renina-angiotensina-aldosterona (43).

Em conclusão, não está estabelecido qual o
papel dos digitálicos no tratamento da ICFEP (25).
Desta forma, a digoxina não pode ser
recomendada a todos os doentes com ICFEP,
ficando a sua utilização restrita ao controlo da
frequência cardíaca nos doentes com FA
concomitante. De notar ainda que numa
população idosa, como é a população com
ICFEP, o risco de intoxicação digitálica é maior,
devendo ser utilizada inicialmente metade da
dose de digoxina e posteriormente uma
monitorização mais apertada dos seus níveis
séricos.

8. Estatinas
Os efeitos benéficos potenciais das estatinas

em doentes com ICFEP são multifactoriais, mas
podem ser divididos genericamente em dois
grupos. Por um lado, as estatinas, pelos seus
efeitos no perfil lipídico, diminuem os eventos
cardiovasculares numa população de doentes
que, como foi dito anteriormente, apresenta
múltiplas comorbilidades e uma elevada
frequência de morbi-mortalidade cardiovas-
cular. Por outro lado, as estatinas possuem
efeitos pleotrópicos, independentes da alteração
do perfil lipídico, onde se incluem efeitos
benéficos sobre a função diastólica como sejam,
a redução da hipertrofia e da fibrose do
miocárdio, a melhoria da função do endotélio e
da distensibilidade arterial (44). 

Comprovando estes efeitos benéficos poten-
ciais das estatinas, um pequeno estudo
observacional em doentes com ICFEP, demons-
trou que a adição de estatinas ao tratamento
convencional parece reduzir tanto a morbilidade
como a mortalidade destes doentes (45). Também
neste aspecto subsiste a controvérsia, uma vez
que em dois ensaios clínicos recentemente
publicados as estatinas não mostraram bene-
fícios relevantes numa população com IC, mas80
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In this project we aimed to evaluate the role of left ventricular diastolic function in several phases of the 

cardiovascular continuum, assessing the determinants, its evaluation, the impact on exercise performance 

and possible modulation by a program of exercise training, as structured in figure 5.
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Figure 5. Schematic depiction of the main objectives

Specific aims were:

1. To evaluate the association between increased adiposity and diastolic dysfunction and the role of 

the direct and indirect pathophysiological mechanisms involved;

2. To evaluate the role of adipose tissue distribution on diastolic function, especially the relative role 

of total, subcutaneous and visceral adiposity parameters;

3. To detail the local/paracrine effect of epicardial adipose tissue on left ventricular diastolic function;

4. To determine if an endocrine effect, mediated by the secretion of adipokines (leptin and adiponectin), 

can be involved in the association between obesity and diastolic dysfunction;

5. To evaluate the relative contribution of insulin resistance, metabolic syndrome and diabetes as 

determinants of diastolic function;

6. To evaluate in the general population the prevalence and clinical characteristics of patients with the 

new grade IA of diastolic dysfunction;
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7. To determine the impact of diastolic function on exercise capacity after myocardial infarction;

8. To evaluate the relation between left atrium volumes and function with left ventricular diastolic 

function (atrium-ventricular coupling) and their role as predictors of exercise capacity after 

myocardial infarction; 

9. To evaluate if a structured exercise training program can improve diastolic function after myocardial 

infarction.
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The results will be presented in the form of published and submitted articles. These articles have been 

organized in 4 sub-chapters:

A) DETERMINANTS OF DIASTOLIC DYSFUNCTION  

1. Association Between Increased Adiposity and Diastolic Function in the General Population 
Ricardo Fontes-Carvalho, Alexandra Gonçalves, Milton Severo, Patrícia Lourenço, Francisco Rocha Gonçalves, 

Paulo Bettencourt, Adelino Leite-Moreira, Ana Azevedo. Direct, inflammation-mediated and blood-pressure-

mediated effects of total and abdominal adiposity on diastolic function: EPIPorto study. Int J Cardiol 2015, in 

press. 

2. Effect of Adipokines Levels on Diastolic Function in the General Population
Ricardo Fontes-Carvalho, Joana Pimenta, Paulo Bettencourt, Adelino Leite-Moreira, Ana Azevedo. Plasma 

leptin and adiponectin levels and diastolic function in the general population: data from the EPIPorto study. 

Expert Opin Ther Targets. 2015 Mar 18:1-9.  

3. Role of Epicardial Fat and Adipose Tissue Distribution on Diastolic Function in Patients After 

Myocardial Infarction
Ricardo Fontes-Carvalho, Marta Fontes-Oliveira, Francisco Sampaio, Jennifer Mancio, Nuno Bettencourt, 

Madalena Teixeira, Francisco Rocha Gonçalves, Vasco Gama, Adelino Leite-Moreira. Influence of Epicardial 

and Visceral Fat on Left Ventricular Diastolic and Systolic Function in Patients After Myocardial Infarction. Am 

J Cardiol 2014, 114(11): 1663-9.

4. Role of Insulin Resistance, Metabolic Syndrome and Diabetes on Diastolic Function in the General 

Population
Ricardo Fontes-Carvalho, Ricardo Ladeiras-Lopes, Paulo Bettencourt, Adelino Leite-Moreira, Ana Azevedo. 

Diastolic Dysfunction in the Diabetic Continuum: Association with Insulin Resistance, Metabolic Syndrome and 

Type 2 Diabetes. Cardiovasc Diabetol. 2015 Jan 13;14(1):4.

B) THE EVALUATION OF DIASTOLIC DYSFUNCTION  

5. Characterization of Diastolic Dysfunction Grades in the General Population: the New Grade IA of 

Diastolic Dysfunction
Fontes-Carvalho R, Azevedo A, Leite-Moreira A. The new grade IA of diastolic dysfunction: is it relevant at the 

population level? JACC Cardiovasc Imaging. 2015 (2): 229-30.
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C) THE IMPACT OF DIASTOLIC FUNCTION ON EXERCISE CAPACITY 

6. The Role of Diastolic Function as Predictor of Exercise Capacity after Myocardial Infarction
Ricardo Fontes-Carvalho, Francisco Sampaio, Madalena Teixeira, Francisco Rocha Gonçalves, Vasco Gama, 

Ana Azevedo, Adelino Leite-Moreira. Left Ventricular Diastolic Dysfunction and E/E’ ratio as the Strongest 

Echocardiographic Predictors of Reduced Exercise Capacity After Acute Myocardial Infarction. Clin Cardiol. 

2015;38(4):222-9. 

7. The Role of Left Atrium Volumes, Function and Atrium-Ventricular Coupling on Exercise Capacity 

After Myocardial Infarction
Ricardo Fontes-Carvalho, Francisco Sampaio, Madalena Teixeira, Francisco Rocha Gonçalves, Vasco Gama, 

Ana Azevedo, Adelino Leite-Moreira. Left atrial deformation analysis by speckle tracking echocardiography to 

predict exercise capacity after myocardial infarction. [Under review, J Am Soc Echocardiog 2015].

D) THE MODULATION OF DIASTOLIC FUNCTION BY EXERCISE TRAINING 

8. The Effect of an Exercise Training Program on Diastolic Function after Myocardial Infarction: study 

protocol
Ricardo Fontes-Carvalho, Francisco Sampaio, Madalena Teixeira, Vasco Gama, Adelino Leite-Moreira. The role 

of a structured exercise-training program on cardiac structure and function after acute myocardial infarction: 

study protocol for a randomized controlled trial. Trials. 2015 Mar 12;16(1):90. 

9. The Effect of Exercise Training on Diastolic Function after Myocardial Infarction: study results
Ricardo Fontes-Carvalho, Francisco Sampaio, Madalena Teixeira, Francisco Rocha Gonçalves, Vasco Gama, Ana 

Azevedo, Adelino Leite-Moreira. The effect of exercise training on diastolic and systolic function after acute 

myocardial infarction: a randomized study. [Under Review, Medicine 2015]. 
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1. Introduction

2. Methods

3. Results

4. Discussion

5. Conclusion

Original Research

Association between plasma
leptin and adiponectin levels
and diastolic function in the
general population
Ricardo Fontes-Carvalho†, Joana Pimenta, Paulo Bettencourt,
Adelino Leite-Moreira & Ana Azevedo
†Faculty of Medicine, University of Porto, Al. Prof Hernani Monteiro, Porto, Portugal and Gaia

Hospital Center, Cardiology Department, Rua Conceicao Fernandes, Vila Nova Gaia, Portugal

Background: Total and visceral obesity are associated with subclinical diastolic

dysfunction (DD) and heart failure. Adipose tissue is an endocrine organ able

to secrete adipokines involved in several obesity-associated diseases. We

aimed to evaluate the association between leptin and adiponectin levels

and diastolic function.

Methods and results:Within a population-based study (EPIPorto), 556 individ-

uals were evaluated. DD was assessed by echocardiography, using tissue

Doppler analysis (early diastolic E’ velocity and E/E’, the ratio between

E wave velocity of transmitral flow and E’ velocity), according to consensus

recommendations. Patients with DD had significantly higher leptin, but simi-

lar adiponectin levels. Patients in the highest leptin tertile had lower E’ veloc-

ity and an increased E/E’ ratio (p < 0.01). The association between leptin and

DD was sex-specific. After multivariate adjustment, women in the highest lep-

tin tertile had an increased risk of DD (adjusted odds ratio: 3.06; 95%

CI: 1.44 -- 6.49). Adiponectin levels were not significantly associated with

increased risk of DD in both men and women.

Conclusions: Higher leptin levels were independently associated with DD,

especially in women. Secretion of leptin can be involved in the association

between obesity, DD and heart failure risk. Future studies will determine if

the inhibition of leptin can improve diastolic function.

Keywords: adiponectin, diastole, leptin, obesity

Expert Opin. Ther. Targets [Early Online]

1. Introduction

Recent studies have shown that obesity, especially visceral adiposity, induces
subclinical diastolic dysfunction (DD) [1-4], suggesting that DD is involved as an
intermediate step in the association between obesity and heart failure [5-7]. Given
the high prevalence of obesity worldwide and the increased risk of heart failure in
the obese, there is considerable interest in understanding the mechanisms involved
in the association between obesity and DD [8].

Increased adiposity can impair diastolic function by several potential pathophysio-
logical mechanisms [9]. First, the effect could be indirect because obesity is associated
with other cardiovascular risk factors, namely with hypertension [10], that can induce
DD. However, previous studies have shown that this association is independent of
these traditional risk factors [1]. Alternatively, obesity can directly affect myocardial
structure and function by inducing increased circulating volume and cardiac
output [11], by a local effect [12] or through the secretion of several adipokines [13,14].
The adipose tissue is an endocrine organ that produces several substances (such as

10.1517/14728222.2015.1019468 © 2015 Informa UK, Ltd. ISSN 1472-8222, e-ISSN 1744-7631 1
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leptin, adiponectin, resistin and others), some of which have
been shown to directly induce left ventricle (LV) remodeling
and myocardial dysfunction [15,16]. Low adiponectin levels are
associated with several obesity-related disorders [17,18] and
decreased adiponectin levels are associated with changes in left
ventricular structure and function [19,20]. On the other hand,
high leptin levels have a mitogenic effect [21], increase
cardiomyocyte fatty acid loading [22] and reduce cardiomyocyte
contraction [23]. No data are available on the effect of adipokines
as determinants of diastolic function. However, a recent large
prospective study showed that the association between obesity
and heart failure was partially mediated by plasma leptin
levels [24]. Understanding the link between obesity, adipokines
and diastolic function can be important in the prevention of
diastolic heart failure, a disease in which no therapy or interven-
tion has been shown to significantly change its prognosis.
In this study, our aim was to evaluate the effect of leptin

and adiponectin levels on diastolic function parameters at
the population level. Because leptin and adiponectin levels
vary significantly between men and women, a sex-specific
analysis was performed.

2. Methods

2.1 Study sample
Participants were selected within the first follow-up of a cohort
representative, at baseline, of the adult population of Porto,
Portugal -- the EPIPorto cohort study. In 1999 -- 2003, the
cohort assembly was made by random-digit dialing, using
households as the sampling frame, followed by random selec-
tion of one person aged 18 years or older in each household.
Refusals were not substituted within the same household.
The proportion of participation was 70% as previously
stated [25]. At baseline, 2485 participants were recruited.
Between October 2006 and July 2008, participants aged
45 years or over were submitted to a systematic evaluation of
parameters of cardiac structure and function, which included
a cardiovascular clinical history, physical examination, detailed
anthropometric evaluation, collection of fasting blood sample
and a transthoracic echocardiogram. Among 2048 cohort
members in the eligible age range at this time, 134 (6.5%)
had died, 198 (9.7%) refused to be re-evaluated and
580 (28.3%) were lost to follow-up (unreachable by telephone
or post). For this study, we excluded 73 patients with previous
myocardial infarction, percutaneous or surgical revasculariza-
tion, prior cardiac surgery or significant (moderate to severe)
valvular heart disease. Complete data, with both leptin and
adiponectin levels, was available from 556 patients. Written
informed consent was obtained from all the individuals and
the local university’s ethics committee approved the study.

2.2 Clinical variables definitions
Hypertension was defined as systolic blood pressure ‡ 140
mmHg or diastolic blood pressure ‡ 90 mmHg at the time
of the visit (mean of two readings) or use of antihypertensive

medication [26]. Diabetes was defined as fasting blood
glucose ‡ 126 mg/dl or the patient’s self-reported history of
diabetes or use of diabetes medications [26]. Hypercholesterol-
emia was defined as total serum cholesterol ‡ 220 mg/dl or
the use of lipid-lowering drug treatment.

2.3 Anthropometric evaluation
Measurements included height, weight, waist circumference
and hip circumference. Body mass index (BMI;
weight/height2 in kg/m2) was calculated for each subject.
Waist circumference was measured at the midpoint between
the iliac crest and the lower rib margins measured in the
midaxillary line. Overweight was defined as BMI ‡ 25 and
below 30 kg/m2, and obesity as BMI ‡ 30 kg/m2. Hip-to-
height and waist-to-height ratios were calculated as the ratio
between hip circumference (cm) or waist circumference
(cm), respectively, and height (cm). Body composition was
assessed by bioelectrical impedance analysis (Tanita Corp,
Arlington Heights, IL) to determine body fat percentage (%).

2.4 Analytical data
A fasting venous blood sample was obtained in the morning
for measurement of glucose, total cholesterol, LDL-choles-
terol, HDL-cholesterol, triglycerides and high-sensitivity
C-reactive protein (hs-CRP) by immunonephelometry.
Leptin and adiponectin levels were measured by
radioimmunoassay.

2.5 Echocardiography data
All echocardiography studies were acquired by one of four
cardiologists, using the same equipment (Hewlett-Packard
Sonos 5500). Images were stored on videotape for posterior
offline analysis by two experienced cardiologists, blinded to
clinical data.

Cardiac chambers dimensions, volumes and left ventricular
mass were measured according to current recommenda-
tions [27], and indexed to body surface area. Diastolic function
was assessed according to the latest consensus guidelines on
diastolic function evaluation [28] measuring mitral inflow
velocities (E-wave, A wave, E/A ratio) and E-wave decelera-
tion time (DT) and isovolumetric relaxation time using
pulsed-wave (PW) Doppler in the apical four-chamber view.
Velocities were recorded at end expiration and averaged over
three consecutive cardiac cycles. PW tissue-Doppler velocities
were acquired at end expiration, in the apical four-chamber
view, at the lateral side of the mitral annulus, measuring early
diastolic (E¢) and late diastolic (A¢) velocities and estimating
the E/E¢ ratio accordingly. Following the recommendations
in the consensus document [28], patients were categorized by
two independent cardiologists in DD grades: grade I (mild
DD) if E¢ lateral < 10 cm/s and E/A < 0.8, DT > 200 ms,
E/E £ 8; grade II (moderate DD) if E¢ lateral < 10 cm/s and
E/A between 0.8 and 1.5, DT 160 -- 200 ms, E/E¢ 9 -- 12;
and grade III (severe DD), if E¢ lateral < 10 cm/s and
E/A ‡ 2, DT < 160, E/E¢ ‡ 13.

R. Fontes-Carvalho et al.

2 Expert Opin. Ther. Targets (2015) ()
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2.6 Statistical analysis
Statistical analyses were performed using SPSS statistics
20 (IBM Corp, Armonk, NY). All p values are two-tailed and
a significance level of 5% was used. Data are expressed as
mean and standard deviation for quantitative variables with
normal distribution, as median and 25th and 75th percentiles
(P25 -- P75) for variables with non-normal distribution or as
number (n) and percentage (%) for categorical variables.

Bivariate correlations were assessed by Pearson’s (r) and
Spearman’s (r) correlation coefficient, as appropriate.
Patients were categorized in tertiles of leptin and adiponectin
levels according to sex-specific cutoffs. E¢ velocity and E/E¢
ratio were compared between tertiles using ANOVA. Logistic
regression analysis was performed to analyze the association
between adipokines tertiles (independent variables) and DD
(dependent variable), defined as any grade of DD. A separate
logistic multivariate regression analysis was performed adjust-
ing for age and systolic blood pressure (in model 1) and for
age, systolic blood pressure and BMI (in model 2).

3. Results

Table 1 shows the clinical, anthropometric, analytical and
echocardiographic characteristics of the study sample
(n = 556). In summary, most were women (67.8%), with
mean age of 59.9 ± 7.5 years, with high prevalence of cardio-
vascular risk factors, especially hypertension (71.0%), dyslipi-
demia (55.9%), obesity (28.8%) and diabetes (10.1%). The
overall prevalence of DD was 19.4%: 10.3% (n = 57) had
mild DD (grade I DD), 8.0% (n = 44) had moderate DD
(grade II DD) and one patient had restrictive pattern (grade
III DD). In six patients (1.1%) it was not possible to deter-
mine DD grade due to atrial fibrillation or fusion of the
E/A mitral flow pattern. Regarding medication use, 26.1%
were doing renin--angiotensin axis blockers, 7.7% were taking
calcium channel blockers, 12.9% were on diuretics and
24.3% were taking statins.

Leptin levels were significantly higher in women compared
to men, as shown in Table 1 (p < 0.01). There was a significant
correlation between plasma leptin levels with several adiposity
parameters, namely with BMI (r = 0.57, p < 0.01), waist-to-
height ratio (r = 0.49, p < 0.01) hip-to-height ratio (r = 0.69,
p < 0.01) and fat mass percentage (r = 0.76; p < 0.01).

On the contrary, adiponectin plasma levels were only
weakly and inversely correlated with BMI (r = -0.13;
p < 0.01) and waist-to-height ratio (r = -0.13, p = 0.02).
Obese patients had slightly lower adiponectin levels
than nonobese: median 5800.7 ng/ml (P25 -- 75:
3284.7 -- 9489.6 ng/ml) versus 7039.0 ng/ml (P25 -- 75:
3509.4 -- 11529.3 ng/ml); p = 0.02. Adiponectin levels
were inversely correlated with triglycerides (r = -0.17;
p < 0.01) and blood glucose (r = -0.18; p < 0.01). Adiponectin
was also higher in women compared tomen (p < 0.01), as shown
in Table 1.

3.1 Association between leptin levels and diastolic

function parameters
Patients with normal diastolic function had significantly lower
leptin plasma levels compared to patients with mild or mod-
erate/severe DD: 13.7 ng/ml (P25 -- 75: 7.4 -- 22.8 ng/ml)
versus 15.8 ng/ml (P25 -- 75: 9.5 -- 25.3 ng/ml) in mild
DD and 20.4 ng/ml (P25 -- 75: 13.9 -- 31.7 ng/ml) in
moderate/severe DD (p < 0.01), as also shown in Figure 1.
There was also a modest, but significant, correlation between
higher leptin levels with lower E¢ velocity (r = -0.10, p = 0.02)
and higher E/E¢ ratio (r = 0.19, p < 0.01).

As shown in Table 2, there was a progressive decrease in E¢
velocity and a stepwise increase in E/E¢ ratio, according to the
distribution in leptin tertiles. However, the association
between leptin levels and DD was more significant in women
than in men. In men, the association between plasma leptin
and DD was largely explained by age and blood pressure
(Table 3). On the contrary, in women, even after multivariate
adjustment the highest leptin tertile had a threefold higher
odds of DD (Table 3). The adjustment for waist-perimeter/
height or waist-to-hip instead of BMI did not significantly
change the logistic regression results shown in Table 3, model
2 (data not shown).

3.2 Association between adiponectin levels and

diastolic function parameters
Overall, there was no significant difference in adiponectin
median (P25 -- P75) levels between individuals with normal
diastolic function (6533.4 ng/ml [3552.3 -- 10746.8 ng/ml])
and patients with DD (7016.1 ng/ml [3265.8 -- 10511.0
ng/ml]), p = 0.89, as detailed in Figure 1.

In men, we did not find a significant difference in E¢ veloc-
ities or E/E¢ ratio according to adiponectin tertiles (Table 2)
and there was no significant increase in the risk of having
DD (Table 3). Also, in women, although tertile 1 had a lower
E¢ velocity compared to tertiles 2 and 3 (Table 2), there was no
increased risk of DD after multivariate adjustment (Table 3).

4. Discussion

Adipose tissue is an active endocrine organ able to secrete
several adipokines that have been increasingly recognized as
involved in the pathophysiology of several obesity-associated
diseases, including in heart failure and myocardial remodel-
ing. In this population-based study, we showed that higher
leptin levels were independently associated with increased
risk of DD, especially in women. On the contrary, adiponec-
tin did not correlate with diastolic function parameters.

4.1 The association between the secretion of

adipokines and diastolic function
Several adipokines, such as leptin, adiponectin, resistin, angio-
tensinogen, IL-6 and plasminogen activator inhibitor-1, have
been shown to play a role in cardiovascular homeostasis,

Association between plasma leptin and adiponectin levels and diastolic function in the general population
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especially in the risk of coronary artery disease [16,29]. However,

less clinical data is available on the influence of these substan-

ces on myocardial structure and function. The association with

diastolic function can be particularly relevant, because visceral

adiposity is independently associated with an increased risk of

DD [4].
Leptin regulates energy expenditure and metabolism, hav-

ing an inhibitory effect on appetite [14,30,31]. Higher plasma

leptin levels are associated with increased BMI and the major-

ity of obese individuals are hyperleptinemic, due to a state of

leptin resistance. Leptin can also influence the cardiovascular

system by exerting pro-thrombotic, pro-inflammatory and

pro-atherogenic effects [14,30]. However, it remains contro-

versial whether hyperleptinemia is independently associated

with increased risk of atherosclerotic cardiovascular events [32].

Although some studies have found a positive correlation

between circulating leptin levels and coronary artery dis-

ease [33], others have failed to demonstrate this association [34].

Beyond coronary artery disease, long-term increased levels of

leptin can potentially induce structural, functional and

Table 1. Characterization of the study sample according to gender.

Total (n = 556) Women (n = 377) Men (n = 179) p value

Age, years 59.9 ± 7.5 59.5 ± 7.4 60.9 ± 7.3 0.05
Cardiovascular risk factors
Hypertension (%) 395 (71.0%) 263 (69.8%) 132 (73.7%) 0.37
Diabetes (%) 56 (10.1%) 38 (10.1%) 18 (10.1%) 0.86
Dyslipidemia (%) 311 (55.9%) 214 (56.8%) 97 (54.2%) 0.58
Obesity (%) 160 (28.8%) 131 (34.7%) 29 (16.2%) < 0.01

Systolic blood pressure, mmHg 134.2 ± 19.8 133.9 ± 21.1 134.8 ± 17.0 0.63
Diastolic blood pressure, mmHg 82.5 ± 10.6 82.2 ± 11.0 83.3 ± 9.7 0.23
Adiposity parameters
BMI, kg/m2 27.8 ± 5.0 28.3 ± 5.4 26.9 ± 3.7 < 0.01
Waist circumference/height, cm/m 0.59 ± 0.08 0.59 ± 0.08 0.58 ± 0.06 0.01
Hip circumference/height, cm/m 0.64 ± 0.07 0.66 ± 0.07 0.59 ± 0.04 < 0.01
Waist-to-hip ratio 0.91 ± 0.08 0.88 ± 0.06 0.97 ± 0.07 < 0.01
Fat mass percentage, % 32.2 ± 8.3 35.8 ± 7.0 24.8 ± 5.4 < 0.01
Analytical data
Total cholesterol, mg/dl 222.7 ± 51.3 227.1 ± 54.0 211.2 ± 42.4 < 0.01
HDL, mg/dl 62.1 ± 42.7 65.7 ± 50.2 54.4 ± 10.7 < 0.01
LDL, mg/dl 136.0 ± 51.0 139.8 ± 55.1 127.1 ± 38.3 0.02
Triglycerides, mg/dl 114.0 (85.0 -- 156.0) 111.0 (85.0 -- 153.0) 122.0 (86.0 -- 176.0) 0.05
Glucose, mg/dl 105.7 ± 47.2 103.6 ± 52.8 111.0 ± 32.8 0.04
Leptin, ng/ml 14.5 (8.3 -- 24.4) 19.0 (8.3 -- 24.4) 7.6 (5.2 -- 11.6) < 0.01
Adiponectin, ng/ml 6533.4

(3434.7 -- 10746.8)
7000.9
(4121.8 -- 11926.9)

5444.3
(3063.6 -- 8987.7)

< 0.01

Echocardiography
Septum, mm 8.6 ± 1.5 8.4 ± 1.5 9.3 ± 1.3 < 0.01
Posterior wall, mm 7.9 ± 1.3 7.7 ± 1.3 8.4 ± 1.3 < 0.01
LV mass index, g/m2 79.1 ± 19.1 75.8 ± 18.3 87.5 ± 21.7 < 0.01
Left atrium volume index, ml/m2 29.0 ± 9.7 28.8 ± 9.3 29.3 ± 10.8 0.60
LV end-diastolic volume, ml/m2 66.2 ± 16.4 63.7 ± 15.5 71.5 ± 17.6 < 0.01
LV end-systolic volume, ml/m2 26.9 ± 9.5 25.4 ± 8.8 29.9 ± 10.4 < 0.01
Ejection fraction, % 60.5 ± 6.4 61.2 ± 6.2 59.0 ± 6.7 < 0.01
E wave, cm/s 72.4 ± 15.9 74.4 ± 15.6 67.7 ± 15.8 < 0.01
A wave, cm/s 78.2 ± 18.6 80.1 ± 18.6 74.5 ± 17.8 0.01
E/A ratio 0.97 ± 0.28 0.97 ± 0.28 0.94 ± 0.28 0.25
Deceleration time, ms 231.9 ± 50.1 230.0 ± 47.0 237.9 ± 57.2 0.13
IVRT, ms 91.1 ± 15.6 90.6 ± 16.0 91.9 ± 15.7 0.70
E’ velocity, cm/s 10.8 ± 3.0 10.7 ± 3.1 10.6 ± 3.1 0.47
E/E’ ratio 7.1 ± 2.3 7.4 ± 2.4 6.7 ± 2.3 < 0.01
DD grade
Normal diastolic function, n (%) 448 (80.6%) 298 (79.0%) 150 (84.3%) 0.29
Mild DD, n (%) 57 (10.3%) 36 (9.5%) 21 (11.7%)
Moderate/severe DD, n (%) 45 (8.1%) 38 (10.1%) 7 (3.9%)
Undetermined, n (%) 6 (1.1%) 5 (1.3%) 1 (0.6%)

Data are presented as mean (standard deviation) or median (percentile 25 -- 75) for continuous variables and count (percentage) for categorical variables.

BMI: Body mass index; DD: Diastolic dysfunction; hs-CRP: High-sensitivity C-reactive protein; IVRT: Isovolumetric relaxation time; LV: Left ventricle.

R. Fontes-Carvalho et al.
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metabolic changes in the heart. Experimental data suggested

that leptin has mitogenic effects [21], can induce myocardial

hypertrophy [35], can increase cardiomyocyte fatty acid load-

ing [22] and reduce cardiomyocyte contraction [23]. In this

population study, we did not find a significant association

with systolic function (data not shown), whereas higher leptin

levels were associated with worse diastolic function. Indeed,

individuals with DD had significantly higher leptin levels,

and higher leptin levels were associated with lower early dia-

stolic filling velocities (E¢ velocity), higher filling pressures

(higher E/E¢ ratio) and an increased risk of DD, which was

independent of age and hypertension. Few other studies

have looked into this association. In a smaller study, that

included only patients undergoing cardiac catheterization for

suspected coronary artery disease, no significant association

was found between leptin and diastolic function [36].
Adiponectin is another adipokine that is involved in the

regulation of energy metabolism and insulin resistance [17].

Decreased adiponectin levels have been associated with several

obesity-related disorders, including diabetes, endothelial dys-

function, atherosclerosis, hypertension and coronary artery

disease [17,18]. Some experimental studies suggested that

decreased adiponectin can change LV structure and function,

by promoting hypertrophy, fibrosis and LV remodeling [19,20].

However, contrary to what we have observed with leptin, we

did not find a significant relation between decreased adipo-

nectin levels and diastolic function parameters. The effect of

adiponectin on DD can eventually differ according to disease
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Figure 1. Comparison of leptin and adiponectin levels between patients with normal diastolic function (left) and diastolic

dysfunction (right), separated by gender.
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state and study populations, because in two small studies of
patients undergoing coronary angiography [36] and with heart
failure [37], decreased adiponectin levels were associated with
worse diastolic function.

4.2 Sex-specificities in the association between

adiposity, adipokines and diastolic function
It is known that women have higher total fat mass and a
different pattern of adiposity distribution, as we also observed
in this study (Table 1). Therefore, it is plausible that the effect
of adiposity, and the role of adipokines, on changes in myo-
cardial structure and function could be sex-specific [36,38,39].
First, it is known that women have significantly higher lep-
tin [40] and adiponectin [17] levels, as also shown in our study.
Second, few previous studies have assessed the differences
between men and women in the association between obesity
and diastolic function. However, in the study from
Canepa et al., the association between waist circumference
and diastolic function was more pronounced in women than
in men. Also in a hypertension study, the adverse effect of
abdominal obesity on cardiac function was more pronounced
in female hypertensives [38]. It is known that central adiposity
and visceral fat are the metabolically most active fat deposits
and the major source of adipokines production. This can
partly explain our results showing a stronger association
between leptin levels and DD in women. Finally, in our study
we only included individuals older than 45 years. Therefore,

Table 2. Diastolic function parameters (E’ velocity and

E/E’ ratio) according to leptin and adiponectin tertiles,

separated by gender.

E’ velocity E/E’ ratio

Leptin
Men
Tertile 1 11.2 ± 2.7 6.2 ± 1.7
Tertile 2 10.3 ± 3.1 6.8 ± 2.0
Tertile 3 10.5 ± 3.3 7.3 ± 3.0

(p = 0.18) (p = 0.04)
Women
Tertile 1 11.4 ± 3.2 6.9 ± 2.1
Tertile 2 10.6 ± 2.9 7.5 ± 2.3
Tertile 3 10.2 ± 3.0 7.8 ± 2.7

(p = 0.01) (p = 0.01)
Adiponectin
Men
Tertile 1 10.1 ± 2.9 7.1 ± 2.1
Tertile 2 11.2 ± 3.5 6.6 ± 2.4
Tertile 3 10.7 ± 2.7 6.7 ± 2.6

(p = 0.12) (p = 0.50)
Women
Tertile 1 10.2 ± 2.9 7.7 ± 2.5
Tertile 2 11.2 ± 3.3 7.1 ± 2.1
Tertile 3 10.9 ± 2.9 7.4 ± 2.6

(p = 0.02) (p = 0.12)

Data are shown as mean ± SD of E’ velocity and E/E’ ratio by leptin and

adiponectin tertiles, stratified by gender.

Table 3. Diastolic function (dependent variable) parameters according to leptin and adiponectin tertiles

(independent variables), separated by gender.

Diastolic dysfunction

n (%) Adjusted OR (95% CI)

Model 1*
Adjusted OR (95% CI)

Model 2‡

Leptin
Men
Tertile 1 4 (6.9%) 1.00 1.00
Tertile 2 13 (21.0%) 3.49 (1.04 -- 11.7) 2.89 (0.85 -- 9.82)
Tertile 3 11 (18.6%) 3.18 (0.92 -- 10.9) 1.38 (0.32 -- 5.90)
Women
Tertile 1 14 (11.2%) 1.00 1.00
Tertile 2 26 (20.6%) 2.00 (0.93 -- 4.27) 2.08 (0.94 -- 4.60)
Tertile 3 34 (27.0%) 3.06 (1.44 -- 6.49) 3.24 (1.34 -- 7.87)
Adiponectin
Men
Tertile 1 13 (22.8%) 2.45 (0.86 -- 7.00) 2.68 (0.90 -- 7.95)
Tertile 2 8 (13.1%) 1.47 (0.47 -- 4.56) 1.59 (0.50 -- 5.07)
Tertile 3 7 (12.1%) 1.00 1.00
Women
Tertile 1 29 (23.2%) 1.31 (0.67 -- 2.55) 1.24 (0.63 -- 2.44)
Tertile 2 23 (18.1%) 1.10 (0.55 -- 2.22) 1.06 (0.53 -- 2.14)
Tertile 3 22 (17.7%) 1.00 1.00

Adjusted odds ratio was estimated by logistic regression analysis, including the presence of any grade of diastolic dysfunction as the dependent variable.

In model 1* multivariate logistic regression analysis was performed adjusting for age and blood pressure.

In model 2‡ adjustment for age, blood pressure and body mass index was performed.

R. Fontes-Carvalho et al.
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most included women were likely post-menopausal. This can
be important because the association between adiposity and
diastolic function can be modulated by a hormonal effect,
since estrogens have been shown to have beneficial effects on
diastolic function by promoting nitric oxide secretion [41],
inhibiting smooth muscle proliferation [42] and inducing
peripheral vasodilation [43].

4.3 The association between adiposity, DD and heart

failure
Obesity is established as an independent risk factor for the
development of heart failure in the general population [5-7,24].
However, the mechanisms leading to this obesity cardiomy-
opathy are not entirely understood [8]. Recent studies have
shown that increased adiposity is associated with subclinical
DD [1,2], which is an important predictor of symptomatic
heart failure, especially of heart failure with preserved ejection
fraction [44,45]. Therefore, DD is postulated to be an impor-
tant pathophysiological mechanism linking obesity, heart
failure and mortality risk [6]. Of interest, abdominal adiposity,
which is the major source of adipokines secretion [46] is a
stronger determinant of heart failure risk, cardiovascular
mortality [47,48] and DD [4], compared to BMI. Also, in two
recent studies, waist circumference [4] and increased abdomi-
nal visceral fat mass [49] were important determinants of
DD, independently of BMI and subcutaneous fat, respec-
tively. All these observations reinforce the hypothesis that
the link between adiposity, DD and heart failure can be
partially mediated by the secretion of adipokines [24]. Several
authors have proposed leptin as one of the most promising
mechanisms in this association [24,31,40,50]. Our data reinforce
this hypothesis showing, for the first time, an association
between leptin and diastolic function in the general popula-
tion. More interestingly, long-term prospective studies have
shown that in individuals without coronary artery disease,
higher leptin levels at baseline are associated with increased
risk of incident HF, after adjustment for multiple risk factors,
including BMI [24].

These observations have potential clinical implications.
First, the early identification and correction of the main deter-
minants of subclinical DD can be important to reduce the risk
of heart failure [8]. This can be especially important in the
prevention of heart failure with preserved ejection fraction, a
disease in which no therapy has been shown to change the
prognosis. Future research will determine if the reduction of
circulating leptin and/or blockade of its peripheral actions [51]

can improve diastolic function or confer favorable myocardial
remodeling in hiperleptinemic patients.

4.4 Strengths and limitations
Strengths of this study include the relatively large sample of
individuals from the general population without other cardiac
diseases and the contemporaneous assessment of cardiac
diastolic function using tissue Doppler and the consensus
criteria.

The main limitation is the cross-sectional design, which
partially limits comments on causality, as this would be
more robust in a prospective design. This population had
significantly more women than men, which reduced the statis-
tical power in this latter group and limited the additional
adjustment for other possible confounders. Other adipokines,
besides leptin and adiponectin, were not measured in this
study. We did not evaluate the intraobserver and interobserver
variability. However, all four cardiologists had extensive expe-
rience in echocardiography, worked in the same institution
and a detailed procedure protocol was discussed between the
team, prior to study beginning, to harmonize the methodol-
ogy and the measurements. Moreover, several previous studies
have shown a good reproducibility and a low interobserver
mean error for diastolic parameters [52].

5. Conclusion

In this population-based study, higher leptin levels were inde-
pendently associated with DD, particularly in women. On the
contrary, adiponectin did not correlate with diastolic function
parameters. Secretion of adipokines, especially leptin, can be
one of the pathophysiological mechanisms linking increased
adiposity, diastolic dysfunction and heart failure risk.
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Influence of Epicardial and Visceral Fat on Left Ventricular
Diastolic and Systolic Functions in Patients After

Myocardial Infarction

Ricardo Fontes-Carvalho, MDa,b,*, Marta Fontes-Oliveira, MDb, Francisco Sampaio, MDa,
Jennifer Mancio, MDa, Nuno Bettencourt, PhDa, Madalena Teixeira, MDa,

Francisco Rocha Gonçalves, MD, PhDc, Vasco Gama, MDa, and Adelino Leite-Moreira, MD, PhDb

Obesity has been associated with subclinical left ventricular (LV) diastolic dysfunction and
increased risk of heart failure. Few data are available on the relative contribution of
adiposity distribution and changes in myocardial structure and function. We evaluated the
influence of visceral versus subcutaneous abdominal adipose tissue and epicardial fat on LV
diastolic function after acute myocardial infarction. One month after acute myocardial
infarction, 225 consecutive patients were prospectively enrolled and underwent anthropo-
metric evaluation, bioimpedance analysis, detailed echocardiography, and multidetector
64-slice computed tomography scan for quantification of epicardial fat volume (EFV) and
of total, subcutaneous and visceral abdominal fat areas. We found a significant association
between LV diastolic dysfunction parameters and body mass index, fat-mass percentage,
and waist-to-height ratio. E0 velocity and E/E0 ratio were correlated with total and visceral
abdominal fat (r [ L0.27, p <0.001 and r [ 0.21, p <0.01, respectively), but not with
subcutaneous fat. After multivariate analysis, increasing EFV was associated with
decreased E0 velocity (adjusted b L0.11, 95% confidence intervalL0.19 toL0.03; p <0.01)
and increased E/E0 ratio (adjusted b 0.19, 95% confidence interval 0.07 to 0.31, p <0.01).
Patients with diastolic dysfunction showed higher EFV (116.7 – 67.9 ml vs 93.0 – 52.3 ml,
p [ 0.01), and there was a progressive increase in EFV according to diastolic dysfunction
grades (p [ 0.001). None of the adiposity parameters correlated with ejection fraction or S0
velocities. In conclusion, in patients after myocardial infarction, impaired LV diastolic
function was associated with increased adiposity, especially with visceral and central fat
parameters. Increasing EFV was independently associated with worse LV diastolic
function. � 2014 Elsevier Inc. All rights reserved. (Am J Cardiol 2014;114:1663e1669)

Few previous studies have assessed the relative importance
of visceral versus subcutaneous adiposity as determinants of
left ventricular (LV) diastolic dysfunction. The few data
available suggest that visceral fat, themostmetabolically active
fat depot, can be a more important determinant of diastolic
dysfunction.1 Moreover, the heart itself is covered by fat, the
epicardial adipose tissue (EAT). Because EAT secretes
proinflammatory, proatherogenic, and prothrombotic adipo-
kines,2,3 and there is no physical barrier separating it from the
adjacent myocardium and coronary arteries, EAT can have a

local metabolic role by a paracrine effect.4 In fact, several
studies have demonstrated that EAT is associated with the
development and progression of coronary artery disease,5e7

independently of other cardiovascular risk factors or other fat
deposits and also with changes in myocardial structure and
function.8e11 In this study we aimed to assess: (1) the role of
total versus central adiposity parameters as determinants of
diastolic dysfunction after myocardial infarction, (2) the rela-
tive importance of total, subcutaneous, and visceral abdominal
fat mass in this association, (3) the influence of EAT on
myocardial systolic and diastolic functions.

Methods

The present study included 225 consecutive patients
referred to a cardiac rehabilitation program, 1 month after an
acute myocardial infarction. Exclusion criteria were age
>75 years, inability to exercise, severe valvular heart dis-
ease, moderate or severe chronic lung disease, atrial fibril-
lation, or exercise-induced myocardial ischemia. All patients
were prospectively enrolled and were submitted on the same
day to clinical evaluation (performed by a cardiologist),
anthropometric evaluation, detailed transthoracic echocar-
diography, computed tomography (CT) scan, and blood
sample collection. The investigation conforms to the
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principles outlined in the Declaration of Helsinki and was
approved by the institution’s ethical committee. All patients
gave their written informed consent.

Measurements included height, weight, and waist
circumference. Body mass index (BMI) was calculated for
each subject. Waist circumference was measured at the
midpoint between the iliac crest and the lower rib margins,
in the midaxillary line. According to World Health Orga-
nization criteria, overweight was defined as BMI between
25 and 30 kg/m2 and obesity as BMI >30 kg/m2. Abdom-
inal obesity was defined as waist circumference >102 cm in
men and >88 cm in women. Hip-to-height and waist-to-
height ratios were calculated as the ratio between hip
circumference (cm) or waist circumference (cm), respec-
tively, and height (m). Body composition was assessed by
bioelectrical impedance analysis (Tanita Corporation,
Arlington Heights, Illinois) to determine body fat percentage
(%).

All echocardiographic studies were acquired by a single
experienced cardiologist using an ultrasound system (iE33,
Philips Medical Systems, Best, The Netherlands) equipped
with an S5-1 transducer. Images were digitally stored for
posterior offline analysis. Cardiac chambers dimensions;
volumes, and LV mass were measured according to current
recommendations.12 Mitral inflow velocities were assessed
using pulse-wave Doppler in the apical 4-chamber view, with
a 3 mm sample placed between the tips of the mitral leaflets;
velocities were recorded at end expiration and averaged over
3 consecutive cardiac cycles. Pulse-wave tissue-Doppler
velocities were acquired at end expiration, in the apical
4-chamber view, with the sample positioned at the septal and
lateral mitral annulus. Pulse-wave Doppler velocities at the
upper right pulmonary vein were also recorded. For all

parameters the average of 3 consecutive heartbeats was
recorded.

Diastolic function was assessed according to the recent
consensus guidelines on diastolic function evaluation13 by
determining peak early (E) and late (A) diastolic mitral inflow
velocities; deceleration time of early LV filling (DT); the E/A
ratio; the septal, lateral and average myocardial annular tissue
velocities (E0 sep, E0 lat, and E0 mean, respectively); the E/E0
ratio (septal, lateral, and mean E/E0); pulmonary vein flow
analysis (to calculate the Ard-Ad difference: the time differ-
ence between the duration of the atrial reversal wave of the
pulmonary floweArdeand themitral A-wave durationeAd);
and isovolumic relaxation time. Using the recent European
Association of Echocardiography/American Society of
Echocardiography guidelines on diastolic function evalua-
tion,13 patients were categorized in diastolic dysfunction
grades normal, grade I (mild diastolic dysfunction), grade II
(moderate diastolic dysfunction), and grade III (severe dia-
stolic dysfunction) by 2 independent cardiologists who were
blinded for the study data. In case of discordance, each case
was discussed individually, and if doubt persisted no grade
was endorsed, which happened in 20 patients (8.9%).

Multidetector CT scans were performed in all patients
using a 64-slice CT scanner (SOMATOM Sensation 64,
Siemens Medical Solutions, Forchheim, Germany) with 2
different acquisitions: 1 for abdominal fat quantification and
the other for epicardial adipose tissue quantification. To
assess abdominal fat, a single-slice abdominal CT scan was
performed between L4 and L5, according to the method
described byBorkan et al.14 The scan parameterswere 120 kV
and 216 mA with 5 mm thickness. This resulted in an esti-
mated radiation exposure of 0.06mSv.On the scan obtained, a
cursor pointer was used to trace the abdominal visceral fat

Figure 1. Measurement of EFV by CT. The level of the axial slices used for pericardial delineation is shown in a coronal projection. EAT was identified within
the limits of pericardium sac using the adipose tissue attenuation references (�50 to �150 Hounsfield units). Pericardium contour was traced for every 10 mm,
starting from the lower visible level of pulmonary artery bifurcation until the top level of the pulmonary valve; for every 20 mm from there until the first slice
where the diaphragm becomes visible; and for every 10 mm from this point until the last slice where pericardium is still visible. Final EAT volume quan-
tification was calculated as the sum of all slices fat values.

1664 The American Journal of Cardiology (www.ajconline.org)
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area, and the data were processed using a histogram-based
statistical program according to the previously described
method.15 One expert, unaware of the patient’s details,
measured abdominal fat distribution. Fat tissue was defined in
the range between �150 and �50 Hounsfield units. Total
abdominal fat area was measured and subcutaneous fat area
was obtained by subtracting abdominal visceral fat from the
total abdominal fat area.

An experienced radiographer, blinded for the purpose of
the study and the patient’s anthropometric data, quantified
epicardial fat volume (EFV). A cursor pointer was used to

manually trace the pericardial contour using 1 mm-thick
reconstructed axial slices. Pericardium contour was traced
for every 10 mm, starting from the lower visible level of
pulmonary artery bifurcation until the top level of the pul-
monary valve, for every 20 mm from there until the first
slice where the diaphragm becomes visible and again for
every 10 mm from this point until the last slice where
pericardium is still visible,15 as illustrated in Figure 1. The
pericardium contour was extrapolated by the software,
syngo Volume (Siemens Medical Solutions, Inc) for the
nontraced slices and rechecked by the operator. Within these
anatomical limits, EAT was identified using the adipose
tissue attenuation references (from �150 to �50 Hounsfield
units) and a final EFV resulted from the sum of all slices of
fat values.

Statistical analysis was performed with SPSS program
version 20 (IBM Corp, Armonk, NY). All continuous vari-
ables are shown as a mean � SD for normally distributed
variables or as a median and interquartile range for non-
normally distributed variables. Categorical variables are
expressed as a number (n) and percentage (%). Statistical
significance was defined as p <0.05. Pearson and spearman
correlation coefficients (r), as appropriate, were analyzed to
access the correlations between cardiac function and structure
echocardiographic and adiposity parameters obtained by
anthropometry and CT scan. To compare median values of
several adiposity parameters according to diastolic function
grades, nonparametric tests were used (Mann-Whitney and
Kruskal-Wallis tests, accordingly). Linear regression analysis
was performed for univariate and multivariate analyses of fat
distribution variables that predict worse diastolic function.
Multivariate analysis was performed accordingly with
adjustment for age, hypertension, gender, and several fat
depots.

Results

The clinical, anthropometric and analytical characteris-
tics of the study population are listed in Table 1. Most pa-
tients were men (84%), with a mean age of 55.1 �
10.9 years, 47.6% were overweight and 20.9% were obese.
The mean ejection fraction was 53.6 � 9.3% and most pa-
tients (64.4%) had some degree of diastolic dysfunction. As
listed in Table 2, there was a significant correlation between
BMI and decreased early diastolic velocity (E0 lateral) and
increased LV filling pressures (E/E0 mean). Fat-mass per-
centage, assessed by bioelectric impedance analysis, was
also inversely correlated with E0 septal velocity, E0 lateral
velocity (as shown in Figure 2), and E/E0 mean ratio. In
contrast, as listed in Table 3, there was a significant increase
in fat-mass percentage, according to the classification in
diastolic dysfunction grades (p for trend <0.01). After
multivariate analysis, with adjustment for age, gender, and
hypertension history, the association between fat-mass per-
centage and early diastolic velocities (E0 septal and lateral)
remained significant, as listed in Table 4.

The correlation between diastolic function and adiposity
parameters was better with central obesity (assessed by waist-
to-height ratio) than with total fat parameters, such as BMI
(Table 2). Also, the association between waist-to-height ratio
and E0 lateral velocity was independent of BMI or fat-mass

Table 1
Characterization of the study population (n¼ 225)

Age, years 55.1 � 10.9
Male 189 (84.0%)
Cardiovascular risk factors
Hypertension 35 (15.6%)
Type 2 Diabetes Mellitus 35 (15.6%)
Dyslipidemia 119 (52.9%)
Smoker 117 (52.0%)
Familial history 22 (9.8%)

ST-elevation myocardial infarction 85 (37.8%)
Non ST-elevation myocardial infarction 140 (62.2%)
Percutaneous coronary intervention 191 (84.9%)
Overweight 107 (47.6%)
Obese 47 (20.9%)
Body mass index (Kg/m2) 26.9 � 4.5
Weight (kg) 76.0 � 12.9
Waist perimeter (cm) 96.8 � 10.0
Bioimpedance fat mass (%) 26.0 � 7.3
Total abdominal fat (cm2) 343.1 � 163.8
Subcutaneous fat (cm2) 182.5 � 82.6
Visceral fat (cm2) 148.7 � 70.5
Epicardial fat (cm3) 113.6 � 43.2
Total cholesterol (mg/dL) 137.5 � 32.3
HDL (mg/dL) 39.9 � 10.3
LDL (mg/dL) 75.4 � 35.5
Triglycerides (mg/dL) 123.3 � 56.7
Glucose (mg/dL) 97.1 � 18.8
Hemoglobin (g/L) 14.1 � 1.4
A1c hemoglobin (%) 5.9 � 0.9
NT-ProBNP (ng/L) 357.0 � 531.0
Echocardiography
Septum (mm) 9.6 � 1.6
Posterior wall (mm) 9.3 � 1.5
Left ventricle mass index (g/m2) 105.3 � 25.0
Relative wall thickness 0.35 � 0.07
Left atrium volume (ml/m2) 34.8 � 9.3
Left ventricle end-diastolic volume (ml/m2) 111.3 � 30.6
Left ventricle end-systolic volume (ml/m2) 52.4 � 22.4
Left ventricular ejection fraction (%) 53.6 � 9.3
E wave velocity (cm/s) 78.1 � 19.4
A wave velocity (cm/s) 68.1 � 17.6
E/A ratio 1.22 � 0.50
Deceleration time (ms) 221.8 � 49.8
Isovolumic relaxation time (ms) 98.7 � 24.4
E’ lateral velocity (cm/s) 9.8 � 2.3
E’ septal velocity (cm/s) 6.9 � 1.8
E/E’ mean ratio 10.4 � 3.9
Normal diastolic function 80 (39.0%)
Grade 1 diastolic dysfunction 57 (27.8%)
Grade 2 diastolic dysfunction 58 (28.3%)
Grade 3 diastolic dysfunction 10 (4.9%)

Coronary Artery Disease/Adipose Tissue and Diastolic Function 1665
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percentage (p <0.01). As listed in Table 4, after multivariate
adjustment, for each unit increase in waist-to-height
ratio there was a decrease of �0.09 (95% confidence
interval �0.15 to �0.03, p <0.01) in E0 lateral velocity.

When analyzing the association between diastolic func-
tion and abdominal fat distribution assessed by CT scan,
increased total abdominal fat mass significantly correlated
with decreased E0 velocities and increased E/E0 ratios (as
listed in Table 2 and Figure 2). Patients with diastolic
dysfunction had increased total abdominal fat mass, as listed
in Table 3.

There was a significant correlation between E0 lateral and
E0 septal velocities with visceral abdominal fat mass, but not
with subcutaneous fat, as listed in Table 2 and in Figure 2.

According to the classification in diastolic dysfunction
grades, we observed an increase in visceral abdominal fat
(p for trend ¼ 0.01) but not in subcutaneous abdominal fat
mass, with worse diastolic function (Table 3).

EFV was significantly correlated with all echocardio-
graphic diastolic dysfunction parameters, namely with
reduced lateral and septal E0 velocities and with higher septal,
lateral, and mean E/E0 ratios (Table 2 and Figure 2). Also,
across diastolic dysfunction grades there was a progressive
increase in EFV (p for trend 0.001), as shown in Figure 3.
Patients with any degree of diastolic dysfunction had signif-
icantly higher EFVs (116.7� 67.9ml) than those with normal
diastolic function (93.0 � 52.3 ml). The association between
EFV and E0 lateral velocity was independent of other

Table 2
Correlation coefficients between several adiposity parameters and diastolic function

E’ septal E’ lateral E/E’ lateral E/E’septal E/E’ mean

BMI -0.11
(p¼0.11)

-0.16
(p¼0.02)

0.21
(p¼0.001)

0.18
(p¼0.01)

0.18
(p<0.01)

Fat mass percentage -0.26
(p<0.001)

-0.25
(p<0.001)

0.29
(p<0.001)

0.31
(p<0.001)

0.28
(p<0.001)

Waist perimeter/height -0.27
(p<0.001)

-0.27
(p<0.001)

0.28
(p<0.001)

0.30
(p<0.001)

0.28
(p<0.001)

Total abdominal fat -0.19
(p<0.01)

-0.20
(p<0.01)

0.26
(p<0.001)

0.23
(p¼0.001)

0.22
(p<0.01)

Subcutaneous abdominal fat -0.10
(p¼0.15)

-0.09
(p¼0.20)

0.20
(p<0.01)

0.20
(p<0.01)

0.17
(p¼0.02)

Visceral abdominal fat -0.23
(p¼0.001)

-0.27
(p<0.001)

0.25
(p<0.001)

0.21
(p<0.01)

0.21
(p<0.01)

Epicardial fat -0.26
(p<0.001)

-0.28
(p<0.001)

0.28
(p<0.001)

0.24
(p<0.001)

0.25
(p<0.001)

Figure 2. Scatter plots showing the association between several adiposity parameters and diastolic function, assessed by E0 lateral velocity. r ¼ correlation
coefficient between the 2 variables.
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adiposity parameters (p <0.01 after adjustment for total fat-
mass percentage, p <0.01 after adjustment for total abdom-
inal fat, and p ¼ 0.03 after adjustment for visceral fat). After
multivariate regression analysis with adjustment for age,
gender, and hypertension, increased epicardial fat is associ-
ated with a decreased lateral E0 and septal E0 velocities and
increased E/E0 mean ratio, as listed in Table 4.

No significant association was found between total body
fat parameters such as BMI, waist-to-height ratio, and
fat-mass percentage with systolic function, namely with
ejection fraction or with systolic mitral annulus velocities (S0
septal and S0 lateral). Also, neither abdominal fat mass (either
total fat, subcutaneous, or visceral fat) nor EFVwas correlated
with any systolic function parameter.

Discussion

In this study, we analyzed the effect of several adiposity
parameters on diastolic function after myocardial infarction

and observed the following: (1) overall, there was a sig-
nificant association between increased total adiposity and
impaired diastolic function, (2) this association was stronger
with central and/or visceral adiposity than with subcutane-
ous or total fat parameters, and (3) the association of EFV
with diastolic dysfunction was independent of other car-
diovascular risk factors (namely aging and hypertension),
gender, and other adiposity parameters. On the contrary, we
did not find any association between increased adiposity and
systolic function parameters.

The present study is, to the best of our knowledge, the
first analyzing in detail the association between several
adiposity parameters, including epicardial fat and changes in
myocardial function. Fat distribution was analyzed not only
with classical anthropometry parameters but also using CT
scan data for determination of total, visceral, and subcu-
taneous abdominal fat mass and EFV. CT scan is considered
to be the best method to assess epicardial fat.16 Diastolic
function was assessed according to the most recent

Table 3
Distribution of adiposity parameters according to diastolic function grades

Normal Diastolic function
(n¼80)

Grade 1
Diastolic Dysfunction

(n¼ 57)

Grade 2
Diastolic Dysfunction

(n¼ 58)

Grade 3
Diastolic Dysfunction

(n¼ 10)

p value
(for trend)

BMI 25.8 � 4.23 26.9 � 5.6 26.8 � 3.7* 25.7 � 10.9 0.17
Fat mass % 22.1 � 7.9 25.5 � 11.7† 25.9 � 9.2† 24.8 � 16.1 <0.01
Waist perimeter/height 55.4 � 7.0 58.3.0 � 7.1† 58.5 � 7.9† 56.2 � 15.4 <0.01
Total abdominal
fat

270.0 � 151.6 331.1 � 149.3* 321.0 � 170.5† 308.8 �300.6 0.02

Subcutaneous abdominal
fat

155.32 � 90.5 165.4 � 99.6 175.3 �74.7 194.4 � 135.9 0.13

Visceral abdominal fat 111.6 � 103.7 141.0 � 75.9† 160.0 � 88.8† 134.0 � 155.6 0.01
Epicardial fat 93.0 � 52.3 111.15 � 60.2* 117.15 � 64.3† 136.4 � 83.1† 0.001

* p <0.05 compared to patients with normal diastolic function.
† p <0.01 compared to patients with normal diastolic function.

Table 4
Univariate and multivariate linear regression analyses for the association of diastolic function parameters (E’ velocity and E/E’ ratio) with adiposity parameters

E’ septal velocity E’ lateral velocity E/E’ ratio

Crude b
(95% CI)

Adjusted b*
(95% CI*)

p value* Crude b
(95% CI)

Adjusted b*
(95% CI*)

p value* Crude b
(95% CI)

Adjusted b*
(95% CI*)

p value*

BMI -0.05
(-0.10 to 0.00)

-0.05
(-0.09 to -0.01)

0.02 -0.08
(-0.16 to -0,01)

-0.09
(-0.16 to -0,02)

<0.01 0.09
(-0.03 to 0.20)

0.10
(-0.01 to 0.22)

0.08

Fat mass % -0.06
(-0.09 to -0.03)

-0.04
(-0.07 to 0.00)

0.04 -0.09
(-0.14 to -0.04)

-0.08
(-0.13 to -0.02)

<0.01 0.09
(0.01 to 0.16)

0.08
(-0.02 to 0.17)

0.11

WP/height -0.09
(-0.13 to -0.05)

-0.05
(-0.09 to -0.01)

0.02 -0.13
(-0.19 to -0.07)

-0.09
(-0.15 to -0.03)

<0.01 0.11
(0.02 to 0.21)

0.09
(-0.01 to 0.19)

0.07

Total abdominal
Fat (x10)

-0.03
(-0.05 to -0.01)

0.02
(-0.04 to 0.00)

0.07 -0.05
(-0.07 to -0.02)

-0.03
(-0.06 to 0.00)

0.03 0.04
(0.00 to 0.09)

0.04
(-0.01 to 0.08)

0.09

Subcutaneous
abdominal fat
(x10)

-0.02
(-0.05 to 0.01)

-0.02
(-0.05 to 0.00)

0.23 -0.03
(-0,08 to 0.01)

-0.04
(-0.08 to 0.00)

0.07 0.04
(-0.03 to 0.11)

0.04
(-0.03 to 0.11)

0.25

Visceral
abdominal fat
(x10)

-0.06
(-0.09 to -0.03)

-0.03
(-0.06 to 0.01)

0.15 -0.10
(-0.15 to -0.05)

-0.05
(-0.10 to 0.00)

0.04 0.08
(0.001to 0.16)

0.08
(0.00 to 0.16)

0.06

Epicardial fat
(x10)

-0.11
(-0.17 to -0.06)

-0.06
(-0.12 to -0.01)

0.02 -0.17
(-0.25 to -0.09)

-0.11
(-0.19 to -0.03)

<0.01 0.19
(0.07 to 0.31)

0.19
(0.06 to 0.32)

<0.01

b ¼ regression coefficient; 95% CI ¼ 95% confidence interval.
* Adjusted for age, hypertension history, sex.
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consensus document for the evaluation of LV diastolic
function.13

Our results are in accordance with very recent studies that
have shown an association between increased total adiposity
and diastolic dysfunction.17,18 In a general population sample,
Russo et al 18 found an association between increased BMI and
reduced early diastolic mitral annulus velocity (E0), increased
filling pressures (E/E0 ratio), and the presence of diastolic
dysfunction. However, it is known that BMI is not a good
marker of fat accumulation because it is influenced by several
other factors.19 In our study, we have shown that worse dia-
stolic function is associated not only with increased BMI, but
also with increased fat-mass percentage (assessed by bioelec-
tric impedance), which reinforces the association between total
fat accumulation and diastolic dysfunction. This association
between obesity and diastolic function was independent of
traditional cardiovascular risk factors, suggesting that other
pathophysiological mechanisms are responsible for this asso-
ciation.Adipose tissue canmodulate the cardiovascular system
by several metabolic and neuroendocrine pathways, which
include abnormalities in sodium balance, neuroendocrine
activation of the renin-angiotensin-aldosterone axis and sym-
pathetic system,20 secretion of adipokines,21 or increased
myocardial oxidative stress.22

Visceral adipose tissue is inherently different from sub-
cutaneous fat in several processes. Visceral fat is the meta-
bolically most active organ, secreting several adipokines and
being the main contributor to a systemic proinflammatory
state that can affect cardiovascular system and diastolic
function.21,23 In our study, diastolic dysfunction correlated
more strongly with central and visceral adiposity parameters
than with measures of total and subcutaneous obesity. A
similar finding, showing an association between waist-to-
height ratio and diastolic dysfunction, independent of BMI,
has also been recently demonstrated in the general popula-
tion.17 Another study from the Baltimore Longitudinal Study
of Aging, in which abdominal visceral and subcutaneous fat
were measured using CT scan, showed that although both

visceral and subcutaneous fat were associated with LV dia-
stolic dysfunction, only visceral fat was significantly associ-
ated with LV diastolic dysfunction when both were included
in the samemodel.1 Our data are also in accordancewith these
findings.

In this study we have also shown that increased EFV was
significantly associated with worse diastolic function. This
association was independent of other diastolic dysfunction
determinants, such as aging, gender, and hypertension his-
tory. A similar finding has been recently reported showing
an association between epicardial fat thickness (determined
by echocardiography), but not visceral adipose tissue, with
subclinical diastolic in peritoneal dialyzed patients.9

Epicardial fat has special properties that distinguish it from
other visceral fat components. It directly covers the heart
and the coronary arteries without any mechanical barrier to
the cardiomyocytes and vessels and also shares the same
blood supply.24 Therefore, because EAT is an important
source of several proinflammatory and proatherogenic cy-
tokines, EAT can have a direct effect on coronary athero-
sclerosis and/or cardiac structure and function.4,25 Recently,
several studies have recognized increased EAT as an inde-
pendent determinant of the development and progression of
coronary artery disease,5,15 presence of myocardial perfu-
sion abnormalities,26 and vulnerable coronary atheroscle-
rotic plaques.7 EAT is a stronger determinant of coronary
artery disease than visceral adiposity located in other body
compartments.5

In contrast, EAT can also directly influence myocardial
structure and function by mechanical, systemic, and paracrine
pathways. The systemic effects of obesity on cardiac function
were described previously. Our data are in accordance with
other studies9e11 suggesting a direct influence of EAT on
diastolic function, possibly mediated by local mechanical or
paracrine effects. First, EFV can range from 50 g to >250 g
and, therefore, can induce an outside compression of the heart,
which can pose a mechanical limitation to cardiac expansion,
further deteriorating diastolic function.8 However, local para-
crine inflammatory pathways can also play an important role in
this association. In an interesting study, using biopsies of pa-
tientswhounderwent electiveCABG, itwas shown thatEAT is
a local source of several inflammatory mediators (such as
interleukin-1 beta, interleukin-6, monocyte chemoattractant
protein-1, and tumor necrosis factor-alpha) independent of
plasma inflammatory biomarkers.2 As stated previously,
inflammation can induce stiffer cardiomyocytes and increased
interstitial fibrosis deposition and diastolic dysfunction.23

Moreover, EAT can also secrete locally several adipokines
(such as adiponectin, resistin, leptin, and others)2 that can
induce changes inmyocardial structure and function.24 Finally,
EAT is a source of free fatty acids, leading to the accumulation
of myocardial triglycerides, cardiomyocyte apoptosis, oxida-
tive stress, and impaired cardiac function.27,28

Regarding the study limitations, we followed a cross-
sectional design, and therefore, we cannot infer about cau-
sality relation between adiposity parameters and diastolic
dysfunction. Longitudinal studies are now required to further
assess this association. Also, we have only included patients
after myocardial infarction, and therefore, we cannot extrap-
olate these conclusions to the general population or to other
cardiac diseases.

Figure 3. Distribution of EFV according to diastolic dysfunction grades. *p
<0.05 compared with patients with normal diastolic function, †p <0.01
compared with patients with normal diastolic function.
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Diastolic dysfunction in the diabetic continuum:
association with insulin resistance, metabolic
syndrome and type 2 diabetes
Ricardo Fontes-Carvalho1,2,3*, Ricardo Ladeiras-Lopes2,3, Paulo Bettencourt4,5, Adelino Leite-Moreira3,6

and Ana Azevedo1,7

Abstract

Background: Diabetes increases the risk of heart failure but the underlying mechanisms leading to diabetic
cardiomyopathy are poorly understood. Left ventricle diastolic dysfunction (LVDD) is one of the earliest cardiac
changes in these patients. We aimed to evaluate the association between LVDD with insulin resistance, metabolic
syndrome (MS) and diabetes, across the diabetic continuum.

Methods: Within a population-based study (EPIPorto), a total of 1063 individuals aged ≥45 years (38% male,
61.2 ± 9.6 years) were evaluated. Diastolic function was assessed by echocardiography, using tissue Doppler
analysis (E’ velocity and E/E’ ratio) according to the latest consensus guidelines. Insulin resistance was assessed
using the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) score.

Results: The HOMA-IR score correlated to E’ velocity (ρ = −0.20;p < 0.0001) and E/E’ ratio (ρ = 0.20; p < 0.0001).
There was a progressive worsening in E’ velocity (p for trend < 0.001) and in E/E’ ratio across HOMA-IR quartiles
(p for trend <0.001). Individuals in the highest HOMA-IR quartile were more likely to have LVDD, even after
adjustment for age, sex, blood pressure and body mass index (adjusted OR: 1.82; 95% CI: 1.09-3.03). From individuals
with no MS, to patients with MS and no diabetes, to patients with diabetes, there was a progressive decrease in E’
velocity (11.2 ± 3.3 vs 9.7 ± 3.1 vs 9.2 ± 2.8 cm/s; p < 0.0001), higher E/E’ (6.9 ± 2.3 vs 7.8 ± 2.7 vs 9.0 ± 3.6; p < 0.0001) and
more diastolic dysfunction (adjusted OR: 1.62; 95% CI: 1.12-2.36 and 1.78; 95% CI: 1.09-2.91, respectively).

Conclusions: HOMA-IR score and metabolic syndrome were independently associated with LVDD. Changes in diastolic
function are already present before the onset of diabetes, being mainly associated with the state of insulin resistance.

Keywords: Insulin resistance, Diabetes, Diastole, Diabetic cardiomyopathy

Background
Subclinical left ventricle diastolic dysfunction (LVDD) is
common in the community [1] and is recognized as an
important predictor of heart failure [2] and long-term
mortality [3]. Current heart failure guidelines [4] give
special emphasis to the early detection of these asymp-
tomatic changes of left ventricle function and the identi-
fication of its main risk factors.

Epidemiological studies have associated diastolic func-
tion with aging, hypertension and myocardial ischemia
[1]. Besides, more recent data have also demonstrated an
independent association between diastolic function and
obesity [5], especially with abdominal obesity [6] and vis-
ceral fat mass [7]. Insulin resistance can be one of the
important pathophysiological links involved in this asso-
ciation [8,9]. Several studies have suggested that LVDD
is one of the earliest signs of myocardial involvement in
type 2 diabetes mellitus (T2DM) [10], being a key com-
ponent of diabetic cardiomyopathy [11].
More recently, it was suggested that changes in dia-

stolic function precede the onset of diabetes, being
already present in pre-diabetic patients [12,13], which
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could be associated with the state of insulin resistance.
Metabolic syndrome (MS), or insulin resistance syn-
drome, is a cluster of cardiovascular risk factors shown
to act synergistically to increase the risk of adverse car-
diovascular events [14], but also inducing subclinical
changes in cardiac structure and function. Indeed, pa-
tients with metabolic syndrome also have an increased
prevalence of LVDD [15,16], frequently with a subclin-
ical course [17].
In this study, our aim was to evaluate, at the popula-

tion level, the association between insulin resistance and
LVDD in different stages of the diabetic continuum.

Methods
Study population
Participants were selected within the first follow-up of a
cohort, representative at baseline of the adult population
of Porto, Portugal — the EPIPorto cohort study. In
1999–2003, the cohort assembly was made by random-
digit dialing, using households as the sampling frame,
followed by random selection of one person aged 18
years or older in each household. Refusals were not
substituted within the same household. The proportion
of participation was 70%. At baseline, 2485 participants
were recruited. Between October 2006 and July 2008,
participants aged 45 years or over were eligible to a sys-
tematic evaluation of parameters of cardiac structure
and function, which included a cardiovascular clinical
history, physical examination, detailed anthropometric
evaluation, collection of fasting blood sample and a
transthoracic echocardiogram. Among 2048 cohort
members in the eligible age range at this time, 134
(6.5%) had died, 198 (9.7%) refused to be re-evaluated
and 580 (28.3%) were lost to follow-up (unreachable by
telephone or post). From this analysis we excluded 73
patients with previous myocardial infarction, percutan-
eous or surgical revascularization, prior cardiac surgery
or significant (moderate to severe) valvular heart disease.
Patients with type 1 diabetes (n = 6) were excluded from
the analysis.
Written informed consent was obtained from all the

individuals and the local ethics committee (Comissão
Ética Centro Hospitalar S. João) approved the study. The
investigation conforms to the principles outlined in the
Declaration of Helsinki.

Clinical variables definitions
Hypertension was defined as systolic blood pressure
(SBP) ≥140 mm Hg or diastolic blood pressure (DBP) ≥
90 mm Hg at the time of the visit (mean of 3 readings)
or use of antihypertensive medication. T2DM was de-
fined as fasting blood glucose ≥126 mg/dl or the pa-
tient’s self-reported history of diabetes or use of diabetes
medications. Hypercholesterolemia was defined as total

serum cholesterol ≥220 mg/dl or the use of lipid- lower-
ing treatment. Obesity was defined as body mass index
(BMI) ≥ 30 kg/m2 and central obesity as waist circumfer-
ence >102 cm in men and >88 cm in women. Metabolic
syndrome was defined according to the American Heart
Association updated National Cholesterol Education
Program Adult Treatment Panel III (AHA/NCEP) criteria
[18]. Although there are several definitions for metabolic
syndrome, we used this definition because it showed the
strongest association with cardiovascular disease in the
Portuguese population [19].
MS was diagnosed if any 3 of the following were

present: central obesity (WC 102 cm in men and 88 cm
in women), raised triglycerides (≥150 mg/dL or fibrates
intake), reduced HDL-C (< 40 mg/dL in males and 50
mg/dL in females), raised blood pressure (SBP ≥ 130
mmHg or DBP ≥ 85 mmHg or anti-hypertensive treat-
ment) or raised fasting plasma glucose (FPG ≥ 100 mg/
dL or previously diagnosed T2DM). We defined 3 popu-
lations of interest in the diabetic continuum: individuals
with no MS, patients with MS without T2DM and pa-
tients with T2DM.

Analytical data
A fasting venous blood sample was obtained in the
morning for measurement of glucose, total cholesterol,
LDL, HDL, triglycerides and high-sensitivity C-reactive
protein (by immunonephelometry). For insulin measure-
ment the blood was immediately centrifuged and the
plasma stored at −20°C, for later measurement. Insulin
resistance was assessed using the Homeostasis Model
Assessment of Insulin Resistance (HOMA-IR) score in
subjects without a history of T2DM before inclusion
into the study. The HOMA score was calculated from
the formula [20]: HOMA-IR = fasting glucose (mg/dl) ×
insulin (μU/ml)/405.

Echocardiography data
All echocardiographic studies were acquired using the
same equipment (Hewlett-Packard Sonos 5500). Images
were stored on videotape for posterior offline analysis by
two experienced cardiologists, blinded to clinical data.
Cardiac chambers dimensions, volumes and left ven-

tricular mass were measured according to current rec-
ommendations [21], and indexed to body surface area.
Diastolic function was assessed according to the recent
consensus guidelines on diastolic function evaluation
[22] measuring mitral inflow velocities (E-wave, A wave,
E/A ratio) and deceleration time (DT) using pulsed-
wave (PW) Doppler in the apical four-chamber view.
Velocities were recorded at end-expiration and averaged
over three consecutive cardiac cycles. Isovolumetric relax-
ation time (IVRT) was also assessed accordingly. PW
tissue-Doppler velocities were acquired at end-expiration,
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in the apical four-chamber view, with the sample posi-
tioned at the lateral mitral annulus, measuring early dia-
stolic (E’) and late diastolic (A’) velocities and calculating
the E/E’ ratio. Patients were categorized into normal dia-
stolic function or LVDD grades I (mild LVDD), II (moder-
ate LVDD) and III (severe LVDD), by two independent
cardiologists according to the criteria in the consensus
guidelines [22]. In case of discordance, each case was
discussed individually, and if doubt persisted no grade was
endorsed. LV systolic function was evaluated by determin-
ation of LV ejection fraction using the modified Simpson’s
rule from biplane 4-chamber.

Statistical analysis
Statistical analyses were performed using STATA version
12 (STATA Corp, TX, USA). Data are expressed as mean
± standard deviation for quantitative variables with normal
distribution, as median and 25th and 75th percentiles
(P25-P75) for variables with non-normal distribution or as
number (n) and percentage (%) for categorical variables.
Pearson coefficient (r) was calculated to assess the correl-
ation of two normally distributed continuous variables and
the Spearman correlation (ρ) was used when the variables
were non-normally distributed. The trend across categor-
ical variables was tested with the nptrend command,
which is an extension of the Wilcoxon rank-sum test. Uni-
variate and multivariate logistic regression analysis was
performed to predict the presence of LVDD. The variables
included in the multivariate model based on previous
knowledge were age, gender, systolic blood pressure and
BMI. An interaction term was added to the model to as-
sess effect modification by sex, which was not confirmed.

Results
Patient characteristics
In this study, 1063 individuals were included, 38% were
male, with a mean age of 62.4 ± 10.6 years. The preva-
lence of MS according to the AHA/NCEP criteria was
41.8% and 11.9% had diabetes. Only 16 patients had
T2DM without fulfilling the criteria of MS. Table 1
shows the clinical, anthropometric, analytical and echo-
cardiographic characteristics of the study sample. The

Table 1 Characteristics of the study participants

Total

n = 1063

Age, years 62.2 ± 10.6

Male sex, n (%) 394 (37.1)

Cardiovascular risk factors

Hypertension, n (%) 361 (34.8)

Diabetes, n (%) 123 (11.8)

Dyslipidemia, n (%) 570 (54.9)

Obesity, n (%) 258 (24.3)

Systolic blood pressure,
mmHg

133 ± 20

Diastolic blood pressure,
mmHg

78 ± 11

BMI, Kg/m2 27.5 ± 4.6

Waist perimeter/height,
cm/cm

0.58 ± 0.07

Hip perimeter/height,
cm/cm

0.64 ± 0.07

Waist-to-hip ratio 0.92 ± 0.08

Analytical data

Total cholesterol, mg/dL 220 ± 52

HDL, mg/dL 62 ± 44

LDL, mg/dL 134 ± 52

Triglycerides, mg/dL 152 ± 443

Glucose, mg/dL 104 ± 47

C-reactive protein, mg/dL 0.19 (0.09-0.4)

HOMA-IR score 1.09 (0.62-1.86)

Echocardiography

Septum, mm 8.7 ± 1.5

Posterior wall, mm 7.9 ± 1.3

LV mass index, g/m2 80.2 ± 21.0

Left atrium volume index,
ml/m2

29.2 ± 10.4

LV end-diastolic volume,
ml/m2

66.5 ± 16.9

LV end-systolic volume,
ml/m2

27.3 ± 10.2

Ejection fraction, % 60.2 ± 6.8

E wave, cm/s 71.4 ± 15.8

A wave, cm/s 78.6 ± 19.9

E/A ratio 0.96 ± 0.32

Deceleration time, ms 238.1 ± 56.9

IVRT, ms 92.0 ± 16.1

E’ velocity, cm/s 10.5 ± 3.3

E/E’ ratio 7.4 ± 2.7

LVDD grade

Normal, n (%) 792 (76.3)

Mild, n (%) 151 (14.5)

Table 1 Characteristics of the study participants
(Continued)

Moderate, n (%) 92 (8.9)

Severe, n (%) 3 (0.3)

Undetermined 25

Data are presented as mean ± standard deviation for continuous variables with
normal distribution, median and 25th and 75th percentiles (P25-P75) for variables
with non-normal distribution and count (percentage) for categorical variables.
(BMI – body mass index; s – seconds; DD – diastolic dysfunction; IVRT –
isovolumetric relaxation time; LV – left ventricle; LVDD – left ventricle
diastolic dysfunction).
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total prevalence of LVDD in this study population was
23.7%: 14.5% had mild diastolic dysfunction and 9.2%
had moderate or severe diastolic dysfunction. In 25 pa-
tients (2.4%) it was not possible to determine LVDD
grade due to atrial fibrillation or fusion of the E/A mitral
flow pattern. Regarding medication use, 24.6% were
doing renin-angiotensin axis blockers, 7.1% were taking
calcium channel blockers, 12.1% were on diuretics and
22.8% were taking statins.

Insulin resistance and LVDD
The HOMA-IR score was inversely correlated to lateral E’
velocity (Spearman’s ρ = −0.20; p < 0.001) and positively
correlated to E/E’ ratio (Spearman’s ρ = 0.20; p < 0.001).
According to HOMA-IR quartiles, higher insulin resist-
ance was associated with lower E’ velocity and higher E/E’
ratio, as shown in Table 2 and Figures 1 and 2.
We observed a stepwise increase in HOMA-IR score

according to the grades of diastolic function. HOMA-IR
score increased from 0.95 (P25-75: 0.56-1.69) in individ-
uals with normal diastolic function, to 1.30 (P25-75:
0.70-2.03) in patients with grade I diastolic dysfunction
and to 1.59 (P25-75: 0.83-2.41) in patients with moder-
ate/severe diastolic dysfunction (p < 0.001).
Table 2 shows the association of diastolic function pa-

rameters with insulin resistance (HOMA-IR) and dia-
betes status. We observed a significant trend for lower E’
velocity and higher E/E’ ratio across HOMA-IR quar-
tiles. Compared to the first quartile, individuals in the
highest HOMA-IR quartile showed a 1.82-fold increased
odds of LVDD (95% CI: 1.09-3.03), as detailed in
Table 3.

Metabolic syndrome, T2DM and LVDD
First, we observed a significant increase in HOMA-IR
score from patients without MS (0.80; P25-75: 0.44-1.28)

to patients with MS without T2DM (1.60; P25-75: 0.91-
2.25) and to patients with MS and T2DM (2.56; P25-75:
1.55-4.64), p < 0.001.
Patients with MS or T2DM showed lower E’ velocity

and increased E/E’ ratio. Furthermore, as shown in
Table 2, there was a significant trend for progressively
lower E’ velocity and E/A ratio and higher E/E’ ratio and
DT when comparing individuals without MS, to patients
with MS not including T2DM and to patients with MS
and T2DM.
The prevalence of diastolic dysfunction was 16.3% in

the patients without MS, 32.6% in patients with MS and
no T2DM and 36.6% in patients with MS and T2DM (p
for trend < 0.001; Table 3). After adjusting for age, sex,
SBP and BMI, patients with MS and no T2DM showed a
1.62 (95% CI: 1.12-2.36) increased odds of having LVDD
and patients with T2DM showed an OR of 1.78 (95% CI:
1.09-2.91). There was no statistically significant differ-
ence in the odds of LVDD between patients with MS
and no T2DM compared to patients with T2DM (p =
0.696). Also, T2DM was not associated with an increased
odds of LVDD (adjusted OR: 1.38; 95% CI: 0.88-2.16)
after including in the comparator group both patients
with and without MS. We did not find any significant
interaction according to gender for the association be-
tween diastolic dysfunction with insulin resistance,
metabolic syndrome or T2DM.

Discussion
In this population-based study, we showed that insulin
resistance is associated with left ventricular diastolic
dysfunction. There was also a progressive worsening of
diastolic function parameters (E’ velocity and E/E’ ratio)
from individuals without MS, to patient with MS with-
out T2DM and to patients with fully established T2DM.
Metabolic syndrome was significantly associated with

Table 2 Diastolic dysfunction parameters according to quartiles of insulin resistance and metabolic syndrome status

Diastolic function parameters

E’ velocity E/E’ ratio E/A ratio DT

Insulin resistance

(HOMA-IR score)

Quartile 1 11.3 ± 3.3 6.8 ± 2.6 1.03 ± 0.37 232.8 ± 52.8

Quartile 2 10.7 ± 2.9 7.1 ± 2.3 0.97 ± 0.28 233.2 ± 50.4

Quartile 3 10.1 ± 3.6 7.6 ± 2.7 0.92 ± 0.27 240.8 ± 69.5

Quartile 4 9.8 ± 3.0 8.1 ± 3.1 0.92 ± 0.35 245.5 ± 54.3

No Metabolic Syndrome (n = 571) 11.2 ± 3.3 6.9 ± 2.3 1.01 ± 0.32 232.3 ± 56.9

Metabolic Syndrome without T2DM (n = 331) 9.7 ± 3.1 7.8 ± 2.7 0.88 ± 0.25 248.4 ± 57.2

Metabolic Syndrome with T2DM (n = 123) 9.2 ± 2.8 9.0 ± 3.6 0.95 ± 0.46 237.9 ± 52.7

p for trend p < 0.001 p < 0.001 p < 0.001 p = 0.002

DT - deceleration time; T2DM - type 2 diabetes mellitus; HOMA-IR - Homeostasis Model Assessment of Insulin Resistance.
Results are presented as mean ± standard deviation.
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increased risk of diastolic dysfunction, independently of
age, blood pressure and body mass index.

The association between diastolic dysfunction and insulin
resistance
In most patients with glucose metabolism disturbances,
insulin resistance is the key pathophysiological mechan-
ism. In this study we found that individuals with higher
insulin resistance had worse diastolic function parame-
ters and a significantly increased risk of LVDD, which
was independent of other determinants of diastolic func-
tion. Until now, few other studies have analyzed the

association between insulin resistance and changes in
cardiac function, namely with diastolic dysfunction. In a
group of selected non-diabetic patients undergoing
elective coronary angiography, Dinh et al. also found
that insulin resistance was independently associated with
LVDD [23] and the same has been observed in a small
study of patients with aortic valve sclerosis [24]. Two
other studies have demonstrated changes in diastolic
function across the diabetic continuum, including in pre-
diabetic patients [12,13]. Altogether these data suggest
that subclinical changes in myocardial diastolic function
are already present before the onset of T2DM, being

Figure 1 E’ velocity according to insulin resistance quartiles.

Figure 2 E/E’ ratio according to insulin resistance quartiles.
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associated mainly with the state of insulin resistance and
not only to sustained hyperglycemia.
Metabolic syndrome, also known as insulin resistance

syndrome, is common, affecting more than 20% of the
adult population of United States and Europe [25]. Insulin
resistance is central to the pathophysiology of MS, being
associated with a pro-inflammatory, pro-thrombotic and
oxidative state and increased risk of atherosclerotic cardio-
vascular disease [14]. In this study we showed that MS is
also independently associated with subclinical changes in
myocardial function, namely with LVDD. Compared to
individuals without MS, patients with MS had worse
diastolic function parameters, including reduced E’
velocity, which is a marker of LV relaxation, and
higher E/E’ ratio, which reflects increased LV filling
pressures. Moreover, MS was associated with a 1.62-
increased odd of LVDD independently of age, sex,
blood pressure and body mass index. These data are in
accordance with the observations of other smaller
studies [15,16,26,27], that also showed a progressive
worsening of diastolic function parameters according
to the number of criteria for metabolic syndrome
[15,16]. Several pathophysiologic mechanisms can be
involved in the association between insulin resistance
and LVDD [28]. In the heart, insulin stimulates glu-
cose uptake and oxidation and, although it increases
fatty acid uptake, it inhibits fatty acid utilization for
energy. Therefore insulin resistance results in a reduc-
tion of myocardial energy supply due to changes in
substrate utilization from glucose to free fatty acids
[11,29]. Other involved mechanisms include increased
myocardial interstitial fibrosis [30], activation of sym-
pathetic nervous system [31], increased afterload and
impaired ventricular-vascular coupling due to arterial stiff-
ness [32,33], endothelial dysfunction [34], increased
myocardial oxidative stress [35] or secretion of fatty
acid-binding protein 4 [36].

Diastolic dysfunction and type 2 diabetes mellitus
At the other end of the diabetic continuum, it is sug-
gested that diabetes can affect cardiac structure and
function in the absence of changes in blood pressure or
coronary artery disease, a condition called diabetic car-
diomyopathy [11,37]. In humans, LVDD is considered
the earliest manifestation of diabetic cardiomyopathy,
preceding the development of systolic dysfunction [11].
In our study, we observed that the greatest difference in
diastolic function parameters occurs between individuals
without MS and patients with metabolic syndrome.
However, patients with T2DM had an additional worsen-
ing in diastolic function parameters, such as E’ velocity
and E/E’ ratio, and a further increased prevalence of
LVDD. It is known that the pathogenesis of diabetic
cardiomyopathy is multifactorial [11] and beyond the
changes associated with insulin resistance, sustained
hyperglycemia also increases glycation of interstitial
proteins such as collagen by deposition of advanced
nonenzymatic glycation end products (AGE) in the
extracellular matrix [38], resulting in a further increase
in myocardial stiffness. Reinforcing the possibility of an
additional “glucotoxic” effect of hyperglycemia on car-
diac function, a large study of patients with type 1 dia-
betes – where insulin resistance is not an important
pathophysiological mechanism – showed that incident
heart failure was associated with HbA1c and the rate of
glycemic control [39].

Future research and implications to clinical practice
Subclinical LVDD is recognized as an important pre-
dictor of heart failure [40] and long-term mortality
[1,41]. Therefore, the early identification and correction
of the main determinants of subclinical diastolic dys-
function, such as insulin resistance, can be important to
reduce morbidity and mortality in these individuals [4].
This can be especially important in the prevention of

Table 3 Crude and adjusted odds ratios for the presence of any grade of diastolic dysfunction according to quartiles
of insulin resistance and metabolic syndrome status

Prevalence of LVDD n (%) Crude OR (95% CI) Adjusted OR* (95% CI)

Insulin resistance

(HOMA-IR score)

Quartile 1 35 (14.9%) Reference Reference

Quartile 2 42 (18.6%) 1.30 (0.80-2.13) 1.08 (0.63-1.86)

Quartile 3 70 (29.3%) 2.37 (1.50-3.73) 1.88 (1.12-3.14)

Quartile 4 89 (30.6%) 2.52 (1.63-3.90) 1.82 (1.09-3.03)

No Metabolic Syndrome (n = 571) 93 (16.3%) Reference Reference

Metabolic Syndrome without T2DM (n = 331) 108 (32.6%) 2.54 (1.85-3.50) 1.62 (1.12-2.36)

Metabolic Syndrome with T2DM (n = 123) 45 (36.6%) 3.04 (1.98-4.67) 1.78 (1.09-2.91)

T2DM: type 2 diabetes mellitus; LVDD: left ventricular diastolic dysfunction; HOMA-IR - Homeostasis Model Assessment of Insulin Resistance;
OR (95% CI) – odds ratio with 95% confidence interval.
*Variables included in the model: age (continuous), sex, systolic blood pressure (continuous) and body mass index (continuous).
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heart failure with preserved ejection fraction (also
known as diastolic heart failure), a disease where no
therapy has been shown to significantly improve the
prognosis [42].
All these data suggest that the deterioration of dia-

stolic function is already present in an early phase of
glucose disturbance metabolism, before the onset of dia-
betes, being mainly associated with insulin resistance
and not only with sustained hyperglycemia. Interestingly,
several studies have shown that insulin resistance, with
or without diabetes mellitus, predicted incident heart
failure independently of other established risk factors
[8,43,44]. On the contrary, only few studies [45] have
clearly demonstrated an independent association be-
tween diabetes and incident heart failure, especially be-
cause this association is confounded by the simultaneous
presence of other risk factors. Most of these studies have
compared diabetic versus non-diabetic individuals, in-
cluding in the comparator group individuals with insulin
resistance and metabolic syndrome, which can partly
attenuate the differences in heart failure risk.
Future research will determine if the administration of

drugs that increase insulin sensitivity can improve
myocardial structure and function, particularly dia-
stolic function. Recently, in animal models of insulin
resistance, metformin reduced myocardial fibrosis, at-
tenuated cardiac remodeling and the progression to
heart failure [46,47]. This “cardioprotective” effect of met-
formin can be due to the interference with TGF-beta sig-
naling pathway and activation of the AMP-kinase
signaling cascade [48,49]. A new phase II clinical trial is
now evaluating if the administration of metformin im-
proves diastolic function in patients with metabolic syn-
drome and LVDD [50].
Finally, both insulin resistance and metabolic syn-

drome are closely associated with obesity. Recent data
have demonstrated an independent association be-
tween LVDD and obesity [5], especially with abdom-
inal obesity [6] and visceral fat mass [7]. Therefore, it
has been proposed that insulin resistance was one of
the important pathophysiological links involved in this as-
sociation between obesity and LVDD [8,9]. Our data also
show that the association between insulin resistance and
LVDD is independent of body mass index, which is in ac-
cordance with the study by Ayalon et al. [27].

Strengths and limitations
Strengths of this study include the relatively large sample
of individuals from the general population without other
cardiac diseases and the contemporaneous assessment of
cardiac diastolic function using tissue Doppler and using
the integrated consensus criteria for diastolic dysfunc-
tion evaluation [22]. The latest consensus recommenda-
tions on LV diastolic function assessment strongly advise

in favor of the systematic use of tissue Doppler-derived
early mitral annulus velocity (E’ wave) and E/E’ ratios, as
the main echocardiographic parameters for diastolic
function evaluation. It is known that the E’ wave is a
preload-independent index of LV relaxation, being
closely related with invasively determined tau (the time
constant of isovolumic pressure decline). Moreover, an
E/E’ ratio > 15 strongly correlates with invasively deter-
mined increased LV filling pressures [22]. On the con-
trary, E/A ratio and DT, which are derived from the
evaluation of mitral inflow velocities, have several limita-
tions in the evaluation of diastolic function, especially
because they are dependent on loading conditions and on
heart rate. Moreover, these two variables have a U-shaped
relation with the severity of diastolic dysfunction, which
explains why E/A ratio does not decrease stepwise accord-
ing to the groups of insulin resistance.
The main limitation is the cross-sectional design,

which partially limits comments on causality, as this
would be more robust in a prospective design. Although
we have excluded patients with clinical signs of coronary
artery disease, we did not perform any stress test to ex-
clude myocardial ischemia, which is one determinant of
diastolic dysfunction. In this study, patients were not
submitted to oral glucose tolerance test. Finally, detailed
analysis of left ventricle function using new strain and
strain rates techniques was not performed in this study.

Conclusion
Insulin resistance and metabolic syndrome are associ-
ated with diastolic dysfunction independently of age,
blood pressure and body mass index. These data suggest
that subclinical changes in myocardial diastolic function
are already present before the onset of diabetes, being
associated mainly with the state of insulin resistance
and not only to sustained hyperglycemia. Future re-
search will determine if improving insulin resistance
using insulin-sensitizers or lifestyle changes can im-
prove diastolic function.
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LETTER TO THE EDITOR

The New Grade IA of Diastolic Dysfunction

Is It Relevant at the Population Level?

We read with great interest the article by Kuwaki
et al. (1) describing a new grade of diastolic function
and its association with major adverse cardiovascular
events. The study is also noteworthy because the
authors performed speckle-tracking analysis of the
left atrium, giving an additional emphasis on the
interrelation between diastolic function and left
atrium mechanics. In their study, Kuwaki et al. (1)
determined diastolic dysfunction grades in patients
referred for echocardiography in a tertiary care cen-
ter. We sought to evaluate the prevalence of this new
grade of diastolic function at the general-population
level.

In this study, we analyzed data from individuals
within the first follow-up of a cohort representative,
at baseline, of a European adult population from
Porto, Portugal—the EPIPorto cohort study. All pa-
tients were prospectively evaluated with a clinical
interview, detailed echocardiography, and blood
testing. Patients with coronary artery disease, percu-
taneous or surgical revascularization, prior cardiac
surgery, or significant valvular heart disease were
excluded from this analysis. A total of 1,038 in-
dividuals aged $45 years (62% female; mean age:
62.4 � 10.6 years) were evaluated for the determina-
tion of diastolic dysfunction grades, applying the
same criteria used by Kuwaki et al.

In this sample from the general population, we
found that the new IA grade of diastolic dysfunction
was present in only 53 individuals (5.1%), which
is three times less frequent than the prevalence
observed by Kuwaki et al. (17.9%). In our population,
most of the patients had normal diastolic function
(56.3%) compared with only 35.5% in the study by
Kuwaki et al. Grade I diastolic dysfunction was
found in 21.1% (n ¼ 219); grade II, in 9.5% (n ¼ 99);
and grade III, in 0.2% (n ¼ 2). In 67 patients (6.4%),
no grade was endorsed. The main differences in
the prevalence of diastolic dysfunction may be
attributable to the high prevalences of cardiovas-
cular disease (21%) and of cancer (25%) in the study
by Kuwaki et al. A limitation of their study was

the high prevalence (19.3%) of mitral annular calcifi-
cation in the group with grade IA, because in these
patients the annular velocity measurements and
the E/ε0 ratio should be interpreted with extreme
caution (2).

In our population we observed that compared with
individuals with grade I diastolic dysfunction, in-
dividuals with the new grade IA diastolic dysfunction
were older (72.7 � 8.1 years vs. 67.9 � 9.1 years; p ¼
0.001), had higher systolic blood pressure (150.2 �
25.6 mm Hg vs. 142.1 � 20.2 mm Hg; p ¼ 0.01),
and had a greater left ventricular mass (p ¼ 0.004).
On the other hand, when we compared patients
with the new grade IA diastolic dysfunction with
those with grade II diastolic dysfunction, we found a
significant difference only in age (72.7 � 8.1 years vs.
68.3 � 8.5 years; p ¼ 0.002).

These data also emphasize the difficulty in the
classification of diastolic grades in some patients.
Sometimes parameters are conflicting and there
is variation between observers and according to
the population studied. Nonetheless, in everyday
clinical practice, the determination of the E/ε0 ratio
should be routine. It has some limitations but it
is easy to calculate, is reproducible, and provides
prognostic information on several cardiovascular
diseases (2). Finally, in the same way that the
evaluation of systolic function should go far be-
yond the calculation of ejection fraction, the E/ε0
ratio should not be “the be-all and end-all of
diastology” Q1(3).
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Left Ventricular Diastolic Dysfunction and
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Background: The mechanisms that determine reduced exercise capacity after acute myocardial infarction
(AMI) are not fully understood, especially the relative role of left ventricular diastolic and systolic function.
Hypothesis: To evaluate the role of different diastolic and systolic function echocardiographic parameters as
predictors of reduced functional capacity in patients after AMI.
Methods: One month after AMI, 225 patients (84% male; mean age, 55.1± 10.9 years) were enrolled and
underwent detailed echocardiography and cardiopulmonary exercise test on the same day. Systolic and
diastolic function was evaluated by echocardiography according to the latest consensus recommendations,
including tissue Doppler evaluation. Exercise capacity was evaluated with peak oxygen consumption (VO2).
Results: Peak VO2 was significantly correlated with early diastolic tissue Doppler velocity (E�) septal (r = 0.42,
P< 0.001), E� lateral (r = 0.35, P< 0.001), septal E/E� ratio (r = −0.35, P= 0.001), and lateral E/E� (r = −0.27,
P< 0.001). These diastolic function parameters predicted impaired exercise capacity (VO2 <19 mL/kg/min),
with an area under the receiver operating characteristic curve of 0.77 (95% confidence interval [CI]: 0.68–0.86,
P< 0.001) for septal E/E�. On multivariate analysis, for each unit increase in septal E/E� ratio there was a
−0.35 (95% CI:−0.54 to−0.15) mL/kg/min decrease in peak VO2 independently of age, sex, bodymass index,
hypertension, and diabetes. There was a mild correlation between peak VO2 and systolic function parameters
(r = 0.17, P= 0.01 with ejection fraction; and r = 0.23, P= 0.02 with lateral systolic tissue Doppler velocity)
that persisted after multivariate adjustment.
Conclusions: After AMI, resting diastolic function parameters were the strongest correlates of exercise
tolerance. Septal E/E� ratio was the best echocardiographic predictor of reduced functional capacity.

Introduction
Reduced exercise capacity frequently occurs after acute
myocardial infarction (AMI) and is an important predictor
of cardiovascular outcomes, decreased quality of life, and
disability.1 However, the mechanisms that underlie poor
functional capacity after AMI are not fully understood,

This work was supported by the Portuguese Foundation for Science and Technology grants PEst-C/SAU/UI0051/2014 and
EXCL/BIM-MEC/0055/2012 through the Cardiovascular Research and Development Unit and by European Commission grant
FP7-Health-2010, MEDIA-261409.
The authors have no other funding, financial relationships, or conflicts of interest to disclose.
Additional Supporting Information may be found in the online version of this article.

especially the relative role of left ventricular (LV) systolic
and diastolic functions.

Traditional parameters of LV systolic function evaluation
are poor predictors of reduced exercise capacity.2 On
the other hand, diastolic dysfunction can be an important
determinant of functional capacity in patients with systolic
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heart failure.3,4 Information is sparse for patients after AMI,
especially using modern and integrated echocardiographic
parameters for diastolic function assessment. It is now
recognized that tissue Doppler imaging parameters allow a
more accurate assessment of cardiac function.5

Objective assessment of exercise capacity can be done
by cardiopulmonary exercise testing (CPX), comprising
simultaneous measurement of oxygen consumption (VO2),
carbon dioxide production, and ventilatory response, which
provides the most accurate, reliable, and reproducible
measurements of exercise tolerance.1

The aim of this study was to assess the role of different
LV systolic and diastolic function echocardiographic
parameters as predictors of reduced functional capacity
in patients after AMI.

Methods
Study Sample

We prospectively enrolled 225 patients 1 month following
AMI, both with ST-elevation and non–ST-elevation myocar-
dial infarction. The diagnosis was established using the
recommendations from the universal definition of AMI.6

Exclusion criteria were age >75 years, inability to exercise,
hemodynamically significant valvular disease, atrial fib-
rillation, uncontrolled tachyarrhythmias, exercise-induced
ischemia, pericardial disease, moderate to severe chronic
lung disease, anemia (hemoglobin <12 g/dL), severe renal
disease (creatinine clearance <30 mL/min calculated by the
Cockcroft-Gault formula).

On the same day, patients received clinical evaluation,
detailed transthoracic echocardiography, blood sample col-
lection, anthropometric evaluation, and a cardiopulmonary
exercise test.

The study protocol conforms to the principles outlined in
the Declaration of Helsinki. Informed consent was obtained
from all patients and the local institution ethics committee
approved the study protocol.

Echocardiographic Evaluation

All echocardiography studies were acquired by a single
experienced operator using an ultrasound system (iE33;
Philips Medical Systems, Best, the Netherlands). Cardiac
chambers dimensions, volumes, and left ventricular mass
were measured according to current recommendations.7

Mitral inflow velocities were assessed using pulsed-wave
(PW) Doppler in the apical 4-chamber view. Tissue Doppler
velocities were acquired in the apical 4-chamber view, with
the sample positioned at the septal and lateral mitral annulus
for determination of systolic (S�), early diastolic (E�), and
late diastolic (A�) velocities. PW Doppler velocities at the
upper right pulmonary vein were also recorded. For all
parameters, the average of 3 consecutive heartbeats was
recorded, and velocities were recorded at end-expiration.

Left ventricle diastolic function was assessed according
to the latest consensus guidelines on diastolic function
evaluation,5 which included determination of peak early (E)
and late (A) diastolic mitral inflow velocities, deceleration
time of early LV filling (DT), E/A ratio, E� septal and lateral
velocities, ratio between the E wave velocity of the diastolic

mitral inflow and the E� velocity of tissue Doppler (E/E�

ratio) E/E� ratio, isovolumetric relaxation time (IVRT),
and pulmonary vein flow analysis (to calculate the Ard-
Ad relation: the time difference between the duration of
the atrial reverse wave of the pulmonary flow [Ard] and the
mitral A-wave duration [Ad]). Patients were also categorized
in diastolic dysfunction (DD) grades: normal, grade I (mild
DD), grade II (moderate DD), and grade III (severe DD), by
2 blinded independent cardiologists. In case of discordance,
each case was discussed individually, and if doubt persisted
no grade was endorsed, which occurred in 20 patients.

Systolic function was evaluated by ejection fraction (EF)
using the modified Simpson’s rule from biplane 4-chamber
and long-axis views and by analyzing systolic myocardial
annular tissue velocity (S� septal and S� lateral).

Cardiopulmonary Exercise Testing

Patients underwent a symptom-limited CPX on a treadmill
using the modified Bruce protocol. Expired gases were col-
lected continuously throughout exercise and analyzed for
ventilatory volume and for oxygen (O2) and carbon dioxide
(CO2) content using dedicated analyzers. Standard spirome-
try was also undertaken before the exercise test. Equipment
calibration and all measurements were done according to
the recommendations of the American Thoracic Society and
American College of Chest Physicians.8

The following variables were calculated: peak VO2, mea-
sured in milliliters per kilogram per minute (mL/kg/min);
peak respiratory exchange ratio, defined by the ratio of
CO2 production to O2 consumption at peak effort; anaerobic
threshold, defined as the point at which carbon dioxide
production increased disproportionately in relation to oxy-
gen consumption obtained from a graph plotting oxygen
consumption against carbon dioxide production; and total
exercise duration (in minutes). Patients were not asked to
discontinue β-blockers before the test.

Statistical Analysis

Statistical analysis was performed using SPSS Statistics
22 (IBM Corp, Armonk, NY). All continuous variables
were expressed as mean ± standard deviation or as
median (percentile 25–75, interquartile range [IQR]) for
variables with skewed distribution. Categorical variables
are expressed as number and percentage.

The bivariate correlations between left ventricular func-
tion variables and CPX parameters were assessed by Pear-
son correlation coefficient (r). Univariate and multivariate
linear regression analyses were performed to identify base-
line clinical and echocardiographic parameters associated
with functional capacity. Multivariate regression analysis
was performed with adjustment for other determinants
of reduced exercise capacity, namely age, sex, hyperten-
sion, diabetes, and body mass index. Receiver operating
characteristic (ROC) curve analysis was used to evaluate
the performance of different systolic and diastolic function
parameters to identify reduced exercise capacity, defined as
a peak VO2 below the 10th percentile of the distribution in
our sample (peak VO2 < 19 mL/kg/min). In the Supporting
Figure in the online supplement, the linear regression line
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Table 1. Characteristics of the Study Sample (N= 225)

Value

Clinical Data

Age, y 55.1± 10.9

Sex, male, % 84.0%

BMI, kg/m2 27.2± 3.9

Waist perimeter, cm 96.8± 10.0

Cardiovascular risk factors, %

Hypertension 44.9

Diabetes 15.6

Dyslipidemia 52.9

Smoker 52.0

Familial history 9.8

Type of MI, %

ST-elevation MI 37.8

Non–ST-elevation MI 62.2

Culprit artery, %

Left anterior descending 42.7

Circumflex 18.2

Right coronary 34.2

Other 4.8

Angioplasty 76.0

NT-ProBNP, ng/L 350.0 (170.0–722.0)

Cardiopulmonary exercise test

Peak VO2, mL/kg/min 28.5± 7.7

Anaerobic threshold, mL/kg/min 17.4± 3.9

Exercise duration, s 556.3± 138.0

VE/VCO2 slope 25.7± 4.6

Echocardiography

Septum, mm 9.6± 1.6

Posterior wall, mm 9.3± 1.5

LV mass index, g/m2 105.3± 25.0

Left atrium volume index, mL/m2 34.8± 9.3

LV end-diastolic volume, mL/m2 58.6± 15.1

LV end-systolic volume, mL/m2 27.4± 11.7

Ejection fraction, % 53.6± 9.6

E wave, cm/s 77.9± 19.1

A wave, cm/s 67.6± 17.0

E/A ratio 1.2± 0.5

Table 1. Conitnued

Value

Deceleration time, ms 222.2± 49.6

Ard-Ad, s 29.5± 39.2

E� septal, cm/s 6.9± 1.8

E� lateral, cm/s 9.8± 2.6

E/E� septal 12.0± 4.4

E/E� lateral 8.5± 3.3

E/E� mean 10.3± 3.5

Diastolic dysfunction, grade

Normal 80 (35.6)

Grade 1: mild DD, n (%) 57 (25.3)

Grade 2: moderate DD, n (%) 58 (25.8)

Grade 3: severe DD, n (%) 10 (4.4)

Undetermined 20 (8.9)

S� septal, cm/s 6.7± 1.2

S� lateral, cm/s 7.5± 1.8

Abbreviations: A, peak late diastolic mitral inflow velocity; A�, late
diastolic velocity; ARd-Ad, time difference between the duration of
the atrial reversal wave of the pulmonary flow and the mitral A-
wave duration; BMI, body mass index; DD, diastolic dysfunction; E,
peak early diastolic mitral inflow velocity; E�, early diastolic velocity;
E/A, ratio between E and A waves velocities; E/E�, ratio between E
velocity of transmitral flow and E� velocity from tissue Doppler; LV,
left ventricular; MI, myocardial infarction; NT-ProBNP, N-terminal pro-
brain type natriuretic peptide; PCI, percutaneous coronary intervention;
S�, systolic velocity; VE/VCO2 slope, relationship between minute
ventilation and carbon dioxide production; VO2, oxygen consumption.
Data are presented as mean± standard deviation for continuous
variables with normal distribution, asmedian (percentile 25th–75th) for
variables with non-normal distribution, and as number and percentage
for categorical variables.

is shown except for E/E� lateral and E/E� mean, where the
quadratic term was significant (P < 0.05).

Results
The clinical, demographic, echocardiographic, and CPX
variables of the study sample are presented in Table 1. The
study population included mostly men (84.0%), with a mean
age of 55.1 ± 10.9 years, a mean EF of 53.6% ± 9.6%, and
an overall prevalence of DD of 55.5%. Patients received
optimized medical therapy: dual antiplatelet therapy and
statin in 100%, renin-angiotensin system inhibitor in 97.7%,
β-blocker in 94.6%, and aldosterone antagonist in 16.4%.

Diastolic Function Parameters and Exercise Capacity

As shown in Table 2, there was a significant correlation
between E� velocities and exercise capacity, namely with
peak VO2 (see Supporting Figure in the online version
of this article), VO2 at anaerobic threshold, and exercise
capacity. LV filling pressures (assessed by E/E� ratio)

224 Clin. Cardiol. 38, 4, 222–229 (2015)
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Table 2. Correlations Between Left Ventricle Diastolic and Systolic Function With Several Exercise Capacity Parameters

Peak VO2, mL/kg/min
VO2 at Anaerobic

Threshold, mL/kg /min Exercise Duration, min

r P Value r P Value r P Value

Diastolic function parameters

E� septal 0.42 <0.001 0.29 <0.001 0.36 <0.001

E� lateral 0.35 <0.001 0.31 <0.001 0.33 <0.001

E/E� septal −0.35 <0.001 −0.24 <0.001 −0.29 <0.001

E/E� lateral −0.27 <0.001 −0.26 <0.001 −0.24 <0.001

E/E� mean −0.35 <0.01 −0.27 <0.001 −0.29 <0.001

E/A 0.05 0.50 0.01 0.88 0.11 0.10

DT 0.07 0.30 −0.06 0.43 −0.05 0.45

IVRT 0.08 0.41 0.02 0.89 0.13 0.09

Ard-Ad −0.09 0.22 −0.13 0.09 −0.04 0.58

LA volume index −0.11 0.14 −0.02 0.81 −0.15 0.04

Systolic function parameters

Ejection fraction 0.17 0.01 0.11 0.13 0.16 0.02

S� septal 0.31 <0.01 0.24 0.03 0.25 0.01

S� lateral 0.23 0.02 0.20 0.08 0.16 0.10

Abbreviations: A, peak late diastolic mitral inflow velocity; Ard-Ad, time difference between the duration of the atrial reversal wave of the pulmonary flow
and the mitral A-wave duration; DT, E-wave deceleration time; E, peak early diastolic mitral inflow velocity; E� early diastolic velocity from tissue Doppler;
E/A, ratio between E and A wave velocities from mitral inflow; E/E�, ratio between E velocity of mitral flow and E� velocity from tissue Doppler; IVRT,
isovolumic relaxation time; LA, left atrium; S�, systolic velocity from tissue Doppler; VO2, oxygen consumption.

were also associated with decreased peak VO2, VO2 at
anaerobic threshold, and exercise duration. The E/A ratio,
DT, and the Ard-Ad had no significant correlation with
peak VO2, anaerobic threshold, or exercise time duration
(Table 2).

On ROC curve analysis, septal E/E� ratio was the best
predictor of reduced functional capacity, with an area under
the curve (AUC) of 0.77 (95% confidence interval [CI]:0.68-
0.86, P < 0.001), as shown in the Figure 1. A septal E/E�

ratio of 11.9 predicted a peak VO2 < 19 mL/kg/min, with
a sensitivity of 81.8% and a specificity of 63.2%. Other
predictors of reduced exercise capacity were mean E/E�

ratio, E� septal velocity (as shown in Figure 1), lateral
E/E� ratio (AUC: 0.71; 95% CI: 0.60-0.82; P = 0.001),
and E� lateral velocity (AUC: 0.67: 95% CI: 0.60-0.82;
P = 0.008). (See the Supporting Table in the online
version of this article for the comparison of clinical and
echocardiographic characteristics between patients with
preserved and reduced exercise capacity.)

For each unit increase in septal E/E� ratio, there was
a decrease of 0.62 mL/kg/min in peak VO2 as shown in
Table 3. After multivariate regression analysis, adjusting for
other determinants of reduced exercise capacity, namely
age, sex, body mass index, hypertension, and diabetes, E�

septal and lateral velocities, and septal, lateral, and mean
E/E� ratios remained as independent predictors of peak
VO2, as detailed in Table 3.

According to the analysis in diastolic function grades, we
observed that patients with DD had a significantly reduced
peak VO2 (26.7 ± 6.5 vs 32.0 plusmn; 8.1 mL/kg/min
compared to patients with normal diastolic function;
P < 0.001), VO2 at anaerobic threshold (16.7 ± 3.9 vs
18.5 ± 3.5 mL/kg/min; P = 0.01), and reduced exercise
duration (527.0 ± 134.9 vs 602.9 ± 138.3 seconds; P < 0.001).
Figure 2 displays the peak VO2 according to the classifica-
tion in diastolic function grades (P value for trend < 0.001).

Systolic Function and Exercise Capacity

We found a modest, but significant, correlation between
EF and peak VO2 as shown in Table 2 (see the Supporting
Figure in the online version of this article). Patients with
EF < 50% had slightly reduced peak VO2 (25.5 ± 7.0 vs
26.7 ± 28.3 mL/kg/min; P = 0.01) and exercise duration
(8.73 ± 2.61 vs 9.51 ± 2.16 minutes; P = 0.03), compared to
patients with EF ≥ 50%. Reduced tissue Doppler systolic
annular velocity (S� velocity), either at the septal or lateral
side of the mitral annulus, was modestly correlated with peak
VO2, VO2 at anaerobic threshold, and exercise duration, as
detailed in Table 2. On the ROC curve analysis, S� septal
and S� lateral predicted reduced functional capacity, with
an AUC of 0.73 (95% CI: 0.58-0.88, P = 0.002) and 0.65 (95%
CI: 0.53-0.78, P = 0.04), respectively, but the same was not
observed for EF, with an AUC of 0.64 (95% CI: 0.58-0.88,
P = 0.06).
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Figure 1. Receiver operating characteristic curve analysis for the prediction of <19mL/kg/min using different diastolic function parameters. Abbreviations:
AUC, area under the curve; CI, confidence interval; E′, early diastolic velocity; E/E′, ratio between E velocity of mitral flow and E′ velocity from tissue Doppler.

As shown in Table 3, after multivariate regression analysis
with adjustment for age, sex, body mass index, hyperten-
sion, and diabetes, for each centimeter per second decrease
in S′ velocity, there is a 0.72 (95% CI: 0.10-1.35) mL/kg/
min reduction in peak VO2.

Discussion
In patients after AMI, without significant valve disease
or exercise-induced residual ischemia, we found that
resting diastolic function parameters, particularly E/E′ ratio
and E′ velocities, were the strongest echocardiographic
correlates of exercise capacity, assessed by peak VO2.
This association was independent of other determinants
of exercise capacity such as age, sex, obesity, hypertension,
and diabetes. Among the studied parameters, the septal
E/E′ ratio was the best predictor of reduced functional
capacity.

Diastolic dysfunction is caused by impaired myocardial
relaxation and/or increased ventricular stiffness and is
characterized by elevated LV filling pressures.5,9 Until
recently, noninvasive evaluation of diastolic function has
been difficult, due to several limitations of traditional
echocardiographic parameters, especially those derived

from mitral inflow velocities analysis.5 The latest consensus
recommendations on LV diastolic function assessment
strongly advise the systematic use of tissue Doppler-derived
early mitral annulus velocity (E′ wave) and E/E′ ratios. It
is known that early mitral annulus velocity (E′ wave) is a
preload-independent index of LV relaxation, being closely
related with invasively determined tau (the time constant
of isovolumic pressure decline).10,11 Moreover, an E/E′
ratio >15 strongly correlates with invasively determined
increased LV filling pressures.5,12,13

In our study, diastolic function parameters based on
mitral inflow velocities, such as E/A ratio, DT, or Ard-
Ad, did not predict exercise capacity. Several studies have
shown that these measurements are markedly influenced
by loading conditions, by LV compliance, and by left atrium
function,5,14 showing a poor correlation with global cardiac
hemodynamics in several clinical settings, including in
patients with coronary artery disease.15

Our data are in accordance with previous observations
in other patient populations. In selected groups of patients
with systolic heart failure, E′ velocities and E/E′ ratio were
important predictors of functional capacity, compared to
EF.3,16,17 More recently, in patients with systolic heart
failure, endurance exercise training improved E/E′ ratio,
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Figure 2. Box plots with peak oxygen consumption (VO2) according to diastolic dysfunction grades. *P< 0.001, compared to patients with normal diastolic
function. Abbreviations: DD, diastolic dysfunction.

Table 3. Univariate and Multivariate Linear Regression Analyses for the
Association of Left Ventricle Diastolic and Systolic Function Parameters
With Exercise Capacity (Assessed by Peak Oxygen Consumption)

Crude β 95% CI Adjusted βa 95% CI

E� septal 1.84 1.30 to 2.39 0.93 0.41 to 1.45

E� lateral 1.03 0.65 to 0.42 0.42 0.06 to 0.77

E/E� septal −0.62 −0.85 to −0.39 −0.35 −0.54 to −0.15

E/E� lateral −0.63 −0.93 to −0.33 −0.33 −0.58 to −0.07

E/E� mean −0.74 −1.02 to −0.47 −0.41 −0.65 to −0.17

S� septal 1.84 0.76 to 2.92 0.86 −0.08 to 1.80

S� lateral 0.92 0.18 to 1.66 0.72 0.10 to 1.35

Ejection fraction 0.14 0.03 to 0.25 0.2 0.11 to 0.28

Abbreviations: CI, confidence interval; E� early diastolic velocity from
tissue Doppler; E/E�, ratio between E velocity of mitral flow and E�

velocity from tissue Doppler; S�, systolic velocity from tissue Doppler.
aAdjusted for age, sex, hypertension, diabetes, and body mass index.

which was responsible for the observed increase in peak
VO2.18 Likewise, in patients with heart failure preserved
EF, Edelmann et al demonstrated that E/E� ratio was
strongly related with peak VO2, and that improving diastolic
function by exercise training could significantly enhance

exercise capacity.19 In other patient groups, namely after
myocardial infarction, the association between diastolic
function and functional capacity has not been extensively
analyzed. In a retrospective analysis of an unselected
population of individuals with preserved EF referred for
exercise echocardiography, exercise capacity (assessed
only with metabolic equivalent estimation) was mainly
determined by diastolic function parameters.2 The role of
diastolic dysfunction as a determinant of reduced functional
capacity can be explained because impaired relaxation and
increased filling pressures can reduce diastolic LV filling,
thus decreasing the stroke volume response to exercise.9

Moreover, it is known that increased LV filling pressures
and increased pulmonary capillary wedge pressure leads to
ventilation-perfusion abnormalities, which negatively affect
the gas-exchange response during exercise, causing the
sensation of exertion dyspnea.1

After myocardial infarction, diastolic dysfunction is
frequent, affecting more than 50% of patients. According
to our study, diastolic dysfunction determines reduced
functional capacity, and expectedly, decreased quality of
life. Other studies have also found that diastolic dysfunction
is an independent predictor of future cardiovascular
events after AMI.20,21 These observations suggest that
the echocardiographic evaluation after AMI should always
include an integrated evaluation of diastolic function,
with calculation of E� velocities and E/E� ratios, and the
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determination of diastolic dysfunction grades, using the
consensus recommendations.5

In this study, we also demonstrated a modest, but
independent, association between peak VO2 and EF. It is
well known that EF is preload and afterload dependent
and has several limitations in global systolic function
assessment. This can probably explain why some, but
not all, studies have found a correlation between exercise
performance and ejection fraction.4,17,22 The evaluation
of systolic mitral annulus velocity by tissue Doppler (S�
velocities) can be more accurate to assess global and
regional systolic function especially after AMI.23 In our
study, we also showed that reduced S� velocity was mildly
associated with reduced functional capacity.

Finally, the pathophysiology of functional impairment
after AMI is complex. It depends on alterations in both car-
diac (systolic and diastolic dysfunction24) and noncardiac
factors. Among these are age, gender, body mass index,
hypertension history, and diabetes, but also abnormali-
ties in pulmonary function, blood hemoglobin, endothelial
function, blood flow regulation, and skeletal muscle function
and substrate utilization.1,2,25 Therefore, cardiac function
and diastolic dysfunction alone could never be isolated
predictors of exercise capacity, which explains the modest
correlation coefficients between oxygen consumption and E�
septal and E/E� septal (r = 0.42 and r = −0.35, respectively).
In this study we excluded patients with anemia, signif-
icant pulmonary disease, and exercise-induced ischemia
that are well-known determinants of reduced functional
capacity.

Regarding the study’s strengths, diastolic function was
evaluated according to the latest consensus recommenda-
tions. Exercise capacity was evaluated by cardiopulmonary
exercise testing, with determination of peak O2 consump-
tion, which is the gold standard parameter to evaluate
exercise tolerance.1 There were also some limitations.
Cardiac function was assessed only at rest, just before
cardiopulmonary exercise testing, and therefore we did not
evaluate cardiac function during exercise. This could have
been interesting because Podolec et al found that in patients
with systolic heart failure, E/E� ratio at peak exercise was
a better predictor of decreased exercise capacity than the
same parameter at rest.3 Nevertheless, it has been shown
that the great majority of patients with exercise-induced
diastolic dysfunction already have significant changes in
diastolic function at rest.2 As recommended in the consen-
sus document on diastolic function evaluation, we measured
E� velocities and E/E� ratios at both the septal and lateral
side of the mitral annulus plus the average of the 2 mea-
surements. The evaluation of these 3 measurements can be
particularly important in patients after AMI, which usually
have regional wall motion abnormalities and can explain the
minor differences between them as predictors of reduced
exercise capacity.

Conclusion
In patients after myocardial infarction, LV diastolic function
was an independent predictor of reduced functional capacity.
Among the studied echocardiographic parameters, the
septal E/E� ratio was the best predictor of reduced functional
capacity.
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ABSTRACT 

Background: Strain and strain rate analysis by speckle tracking is a novel tool to evaluate the different phases of left 

atrium (LA) function. LA size and function are associated with adverse outcome after myocardial infarction (AMI) but 

few data are available regarding its role on exercise capacity. 

Methods: One month after AMI, 94 patients (mean age 54.8±11.0; 82% male) were enrolled. We evaluated LA 

volumes and several indexes of LA conduit, contraction and reservoir function  (passive ejection fraction, active 

ejection fraction and expansion index, respectively). LA deformation was assessed by 2D speckle tracking to calculate 

strain and strain rate at different phases of the cardiac cycle. Exercise capacity was evaluated by cardiopulmonary 

exercise test with O2 consumption (VO2).

Results: Increased LA volumes, especially LA volume before atrial contraction, were correlated with reduced peak 

VO2 and reduced VO2 at anaerobic threshold. Decreased peak VO2 was associated with reduced LA passive ejection 

fraction (ρ=0.24;p=0.02), but not with LA active ejection fraction (ρ= -0.07;p=0.53). Lower peak atrial longitudinal 

strain, passive emptying strain and early diastole strain rate were associated with worse exercise capacity. LA 

volumes, LA conduit and reservoir function and LA strain parameters were strongly correlated with left ventricle (LV) 

diastolic function.

Conclusions: After myocardial infarction, increased LA volumes were markers of decreased functional capacity, that 

was associated with decreased LA conduit function, but not with LA contractile function. LA size, function and strain 

parameters were interdependent with LV diastolic function, reinforcing the role of correct atrioventricular coupling 

in these patients.

KEY WORDS 

Left atrium; Left atrial function; Speckle-tracking imaging; Velocity Vector Imaging 
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INTRODUCTION 

Decreased exercise capacity frequently occurs after acute myocardial infarction (AMI) and is an important predictor 

of cardiovascular outcomes and decreased quality of life [1]. However, the cardiac and non-cardiac mechanisms that 

underlies poor functional capacity after AMI are not fully understood. 

Left atrium (LA) size and function are now important prognostic markers in several cardiovascular diseases, particularly 

in patients after myocardial infarction [2] [3]. It is known that the LA plays an important role in the regulation of 

global cardiac function, acting as a blood reservoir during systole, as a conduit during early diastole and as an active 

pump during late diastole [4]. However, beyond its prognostic value, few data are available regarding the impact of 

LA volume and function on exercise capacity.  The evaluation of strain and strain rate by two-dimensional speckle 

tracking analysis is a novel echocardiographic tool that tracks the speckle pattern, frame by frame, in standard 

B-mode images. Several studies have shown good feasibility and reproducibility for the evaluation of the different 

phases of LA function [5,6] [7] [8].

Exercise capacity can be objectively assessed by cardiopulmonary exercise testing (CPX), which involves the 

simultaneous measurement of oxygen consumption (VO2), carbon dioxide production, and ventilatory response. 

Indeed, CPX provides the most accurate, reliable and reproducible measurements of exercise tolerance [1].

The aim of this study was to assess the role of LA volumes and different indexes of LA conduit, contraction and 

reservoir function - derived both from standard volumetric and novel speckle tracking LA analysis – as determinants 

of exercise capacity in patients after myocardial infarction. 

PATIENTS AND METHODS 

Study sample 

One month after an acute myocardial infarction, 94 consecutive patients were prospectively enrolled. Clinical 

evaluation, anthropometric evaluation, detailed transthoracic echocardiography, blood sample collection, and 

cardiopulmonary exercise test were performed in all patients, on the same day. Exclusion criteria were age above 75 

years, inability to exercise, severe valvular disease, moderate to severe chronic lung disease, anemia (hemoglobin < 

12 g/L), atrial fibrillation and exercise induced myocardial ischaemia. 

Baseline demographic, clinical and echocardiographic variables were acquired and their independent associations 

with exercise performance parameters were analyzed. 

The study protocol conforms to the principles outlined in the Declaration of Helsinki. Informed consent was obtained 

from all patients and the local institution review board approved the study protocol.

Echocardiography data

All echocardiography studies were acquired by a single experienced operator using an ultrasound system (iE33, 

Philips Medical Systems, Best, The Netherlands) equipped with a S5-1 transducer. Images were digitally stored for 

posterior offline analysis. 

Cardiac chambers dimensions, volumes and left ventricular mass were measured according to current 

recommendations [9,10]. Mitral inflow velocities were assessed using pulsed-wave (PW) Doppler in the apical four-

chamber view, with the sample placed at the tips of the mitral leaflets; velocities were recorded at end-expiration 

and averaged over three consecutive cardiac cycles. PW tissue-Doppler velocities were acquired at end expiration, in 

the apical four-chamber view, with the sample positioned at the septal and lateral mitral annulus: systolic (S’), early 
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diastolic (E’) and late diastolic (A’) velocities were measured. PW Doppler velocities at the upper right pulmonary vein 

were also recorded. For all parameters the average of three consecutive heartbeats was recorded.

Systolic function was evaluated by ejection fraction calculation using the modified Simpson’s rule from biplane 4- and 

2-chamber views and by analyzing systolic myocardial annular tissue velocity (S’ sep, S’ lat and S’ mean). Diastolic 

function was assessed according to the latest consensus guidelines on diastolic function evaluation [11] by determining 

peak early (E) and late (A) diastolic mitral inflow velocities, deceleration time of early left ventricular filling (DT), the 

E/A ratio, the septal, lateral and average myocardial annular tissue velocity (E'sep, E’lat, E´mean, respectively), the E/E' 

ratio (also at the septal, lateral and mean E/E’), pulmonary vein flow analysis (to calculate the Ard-Ad  relation: the time 

difference between the duration of the atrial reversal wave of the pulmonary flow, Ard, and the mitral A-wave duration, 

Ad) and isovolumic relaxation time (IVRT). Using the EAE/ESC guidelines on diastolic function evaluation[11], patients 

were categorized in diastolic dysfunction (DD) grades – normal, grade I (mild DD), grade II (moderate DD) and grade III 

(severe DD), by two independent cardiologists who were blinded for the exercise capacity data. In case of discordance, 

each case was discussed individually, and if doubt persisted no grade was endorsed. 

Analysis of LA dimensions, function and deformation parameters

Two-dimensional grey-scale images were acquired in the apical four- and two-chamber views, with a frame rate 

between 70 and 100 frames/sec. Three cardiac cycles were digitally stored.  The LA endocardial border was manually 

traced and analysis was performed using the Velocity Vector Imaging (VVI) software (Syngo VVI 2.0, Siemens Medical 

Solutions USA Inc), by one observer blinded to the clinical data, as previously described [10] [12] [13]. As shown 

in figure 1, the software divides the LA in six segments and tracking quality was visually checked in all segments. 

The operator manually adjusted segments that the software failed to track. Patients with inadequate tracking in 

more than 2 segments were excluded from the study. From the displacement of the LA endocardial pixels time–

volume curves we extracted the data of maximum LA volume (LA max), minimum LA volume (LA min) and LA volume 

before atrial contraction (LA preA), as previously described [14]. All LA volumes were indexed to body surface as 

recommended [10]. 

LA function was assessed from LA volumes using several validated formulas tested in previous studies [4] [15] [13]. 

LA reservoir volume (also known as LA stroke volume) was calculated as LA max – LA min, LA passive emptying 

volume as LA max – LA preA and LA contractile volume as LA preA – LA min.  LA ejection fraction was calculated 

as (LA max – LA min) / LA max x 100. We also determined LA active ejection fraction, which known as an index of 

LA active contraction, as (LA preA –LA min) / LA preA x100 and LA passive ejection fraction, an index of LA conduit 

function, as (LA max – LA preA) / LA max x 100. Finally, LA expansion index, which is an index of reservoir function, 

was determined as (LA max – LA min) / LA min x 100.

LA strain and strain rate was assessed using the same software, by tracking and comparing the relative position 

of speckles throughout the cardiac cycle. Strain curves were displayed for each of the six segments automatically 

generated by the software. Zero strain was set at the QRS onset. As shown in figure 1, using this reference point, the 

LA strain pattern consists of a positive wave that peaks at the end of ventricular systole, followed by a decrease after 

the opening of the mitral valve and, after a plateau, by a second decrease that corresponds to atrial contraction.  

From the average of the strain curves of all segments we evaluated peak LA strain at the end of ventricular systole 

(PALS) – which is a measure of LA reservoir function [13] – and peak atrial strain before atrial contraction (PACS)  - that 

can be considered marker of LA pump, as previously described [13, 16] . Passive emptying strain was calculated as 

the difference between PALS and PACS . Using strain rate analysis we measured peak LA strain rate during ventricular 

systole (SRs), peak LA strain rate during early LV filling (SRe) and peak LA strain rate during atrial contraction (SRa), as 
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shown in figure 2.

Figure 1 . Two-dimensional left atrium speckle tracking analysis for the determination of left atrial strain.
Four-chamber view depicting the corresponding LA strain curves for each of 6 segments analyzed in each view. Peak LA strain at the end of 

ventricular systole (PALS), is a measure of LA reservoir function and peak atrial strain before atrial contraction (PACS) is considered a marker of 

LA pump. Passive emptying strain was calculated as the difference between PALS and PACS.
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Figure 2 . Two-dimensional left atrium speckle tracking analysis for the determination of left atrial strain rate.
Four-chamber view showing the LA strain rate curves for the 6 segments analyzed, with determination of peak LA strain rate during ventricular 

systole (SRs), peak LA strain rate during early LV filling (SRe) and peak LA strain rate during atrial contraction (SRa).

Cardiopulmonary Exercise testing 

Each patient underwent a symptom-limited cardiopulmonary exercise test on a treadmill, using the modified Bruce 

protocol. Expired gases were collected continuously throughout exercise and analyzed for ventilatory volume and 

for oxygen (O2) and carbon dioxide (CO2) content using dedicated analyzers. Standard spirometry (forced expiratory 

volume in one second (FEV1) and forced vital capacity (FVC)) was also undertaken before the exercise test. Equipment 

calibration and all measurements were done according to the recommendations of the American Thoracic Society 

and American College of Chest Physicians[17]. The following variables were calculated: peak oxygen consumption 

(pVO2) measured in milliliter per kilogram per minute (ml/Kg/min); peak respiratory exchange ratio, defined by the 

ratio of CO2 production to O2 consumption at peak effort; VE/VCO2 slope defined as the slope of the increase in 

peak ventilation/increase in CO2 production throughout exercise; anaerobic threshold (defined as the point at which 

carbon dioxide production increased disproportionately in relation to oxygen consumption obtained from a graph 

plotting oxygen consumption against carbon dioxide production); and total exercise duration (seconds). Patients 

were not asked to discontinue beta-blockers before the test.
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Statistical analysis

Statistical analyses were performed using SPSS statistics 20 (SPSS Inc., Chicago, IL, USA). All P values are 2-tailed and a 

significance level of 5% was used. Data are expressed as mean and standard deviation for quantitative variables with 

normal distribution or as median (25th-75th percentile) for variables with non-normal distribution. Categorical variables 

are expressed as a number (n) and percentage (%). The bivariate correlations between left atrium parameters and 

CPX parameters were assessed by Pearson's (r) and Spearman’s correlation coefficient (ρ), as appropriate. Differences 

between groups were assessed using T-Student and Mann-Whitney U Tests for quantitative variables comparisons, 

and Chi-square tests were performed for discrete variables comparisons. The bivariate correlations between left 

atrium parameters and CPX parameters were assessed by Pearson's (r) or Spearman’s correlation coefficient (ρ), as 

appropriate. 

To test the intraobserver and interobserver reproducibility of LA measurements, ten patients were randomly 

selected. For intraobserver variability, the same operator performed a second measurement, more than a month 

after the initial analysis. For interobserver variability, a second operator analyzed the same loops. Bland-Altman 

analyses were performed, and the intraclass correlation coefficient and coefficient of variation were calculated. The 

software showed good intra- and interobserver agreement, as detailed in previous studies by our group[18]. 

RESULTS 

The baseline characteristics of the study population are outlined in table 1. A total of 94 patients – predominantly 

male (n=77, 81.9%), with a mean age of 54.8± 11.0, with both ST and non-ST elevation myocardial infarction (57.4% 

and 42.6%, respectively) - were evaluated. The left anterior descending artery was the culprit artery in 40.4% and the 

majority were submitted to percutaneous coronary intervention (71.3%). Patients received optimized medical therapy: 

dual anti-platelet therapy and statin in 100%, renin-angiotensin system inhibitor in 96.8%, beta-blocker in 95.7% and 

aldosterone antagonist in 15.0%. The echocardiographic characteristics, one month after myocardial infarction, are 

also shown in table 1: mean ejection fraction was 54.2±9.2% and there was a high prevalence of diastolic dysfunction 

(61.7%). Left atrial volumes as well as function and deformation parameters are displayed in table 2. 

We found a significant association between VO2/Kg and the classical determinants of exercise capacity, namely age 

(r= -0.41;p<0.001), body mass index (r= -0.27; p=0.01) and NT-proBNP (ρ= -0.42; p<0.001). Lower VO2/Kg was also 

associated with previous history of hypertension (p=0.02) and female gender (p<0.001).  There was a significant 

correlation between VO2/Kg and diastolic function parameters, namely E’ septal (r= 0.36; p=0.001), E’ lateral (r= 0.37; 

p<0.001), E/E’ septal (r= -0.42; p<0.001), E/E’ lateral (r= -0.33; p<0.01) and E/E’ mean (r= -0.42; p<0.001). Patients 

with diastolic dysfunction had significantly lower VO2/Kg (25.7±7.0ml/kg/min versus 29.7±7.4 ml/kg/min in patients 

with normal diastolic function; p=0.02).
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Table 1 . Characteristics of the study population

Clinical Data Echocardiography

Age (years) 54.8 ± 11.0      Septum (mm) 9.4 ± 1.5

Sex, male (%) 81.9%      Posterior wall (mm) 9.1 ± 1.4

BMI (Kg/m2) 26.9 ± 3.2      LV mass index (g/m2) 100.5 ± 22.6

Cardiovascular Risk Factors      LV end-diastolic volume (ml/m2) 59.9 ± 15.1

     Hypertension (n, %) 59.6%      LV end-systolic volume (ml/m2) 27.8 ± 11.5

     Diabetes (n, %) 14.9%      Ejection fraction (%) 54.2 ± 9.2

     Dyslipidemia (n, %) 52.1%      E wave (cm/s) 77.3 ± 17.2

     Smoker (n, %)   42.6%      A wave (cm/s) 68.9 ± 15.5

     Familial history (n, %) 9.6 %      E/A ratio 1.2 (0.9-1.5)

Type of myocardial infarction      Deceleration time (ms) 211.3 ± 40.5

     ST elevation MI (n, %) 57.4%      E’ septal (cm/s) 6.7 ± 1.9

     Non-ST elevation MI (n, %) 42.6%      E’ lateral (cm/s) 9.5 ± 2.6

Culprit artery      E/E’ septal 12.3 ± 4.1

      Left anterior descending (n, %) 40.4%      E/E’ lateral 8.7 ± 2.8

      Circumflex (n, %) 21.3%      E/E’ mean 10.5 ± 3.2

      Right coronary (n, %) 33.0 %      Diastolic dysfunction (DD) grade

      Other (n, %) 4.3%            Normal 31 (33.0%)

Angioplasty (n, %) 71.3%            Grade 1: mild DD (n, %) 24 (25.5%)

NT-ProBNP (ng/L)
336.0 

(169.0-621.5)
           Grade 2: moderate DD (n, %) 31 (33.0%)

           Grade 3: severe DD (n, %) 3 (3.2%)

Cardiopulmonary Exercise Test            Undetermined (n, %) 5 (5.3%)

       Peak VO2 (ml/kg/min) 28.4 ± 6.8      S’ septal (cm/s) 7.7 ± 0.2

       Anaerobic threshold (ml/kg/min) 16.7 ± 3.7      S’ lateral (cm/s) 7.7 ± 1.9

       Exercise duration (s) 549.2 ± 138.9

Data are presented as mean and standard deviation, or as median (percentile 25-75) 

for continuous variables and count and percentage for categorical variables.

(BMI – body mass index; MI – myocardial infarction; PCI – percutaneous coronary intervention;  s – seconds; LV – left ventricle)
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Table 2. Characterization of left atrium size, function and deformation parameters

Left Atrium Volumes

         LA maximum volume, mL/m2 43.9 ± 11.7

         LA volume pre-A, mL/m2 30.8 ± 9.2

         LA minimum volume, mL/m2 19.9 ± 8.0

LA Function Indexes

         LA stroke volume (max-min), mL 44.7 ± 12.8

         LA Passive emptying volume (max-preA), mL 24.5 ± 10.1

         LA Contractile volume (preA-min), mL 20.2 ± 7.1

         LA ejection fraction, % 55.9 (48.9 - 63.2)

         LA passive ejection fraction, % 30.3 (22.5-36.1)

         LA active ejection fraction, % 36.9 (28.9 – 43.8)

        LA expansion index, % 126.8 (96.3 – 165.2)

LA Strain Analysis

        Peak LA systolic strain (PALS), % 29.3 (21.4 – 34.6)

        Peak LA contraction strain (PACS), % 12.3 (9.2 – 16.5)

        Passive emptying strain (PALS-PACS), % 15.8 (11.2 – 20.8)

LA Strain Rate Analysis

        SR systole, s-1 1.2 (1.0 – 1.5)

        SR early diastole, s-1 -1.1 (-1.4 to -0.8)

        SR atrial contraction, s-1 -1.3 (-1.8 to -0.9)

LA- left atrium; SR- strain rate
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Association between LA volumes and functional parameters with exercise capacity 

As shown in table 3, increased LA volumes were correlated with reduced exercise capacity, particularly with reduced 

peak VO2, reduced VO2 at anaerobic threshold and decreased exercise duration in seconds. Among volume parameters, 

LA volume immediately before atrial contraction (LA preA) showed the better correlation with exercise capacity.

We found a positive correlation between LA passive ejection fraction, an index of conduit function, with exercise 

capacity (table 3). On the contrary, LA active ejection fraction, an index of LA active contraction, did not correlate 

with any exercise performance parameter. 

Table 3 . Correlations (r) between left atrium volumes, function and deformation parameters with exercise capacity

Peak VO2

(ml/Kg/min)

VO2 at Anaerobic 
Threshold

(ml/min/kg)

Exercise Duration
(seconds)

ρ p value ρ p value ρ p value

Left Atrium Volumes

         LA maximum volume -0.25 0.02 -0.24 0.05 -0.27 0.01

         LA volume pre-A -0.31 <0.01 -0.32 0.01 -0.37 <0.01

         LA minimum volume -0.20 0.06 -0.28 0.02 -0.30 <0.01

LA Function Indexes

         LA passive ejection fraction 0.24 0.02 0.28 0.02 0.30 <0.01

         LA active ejection fraction -0.07 0.53 0.10 0.42 0.10 0.35

        LA expansion index 0.08 0.46 0.25 0.04 0.25 0.02

LA Strain Analysis

        Peak LA systolic strain (PALS) 0.24 0.02 0.30 0.01 0.35 <0.01

        Peak LA contraction strain (PACS) 0.00 0.97 0.19 0.12 0.18 0.09

        Passive emptying strain (PALS-PACS) 0.30 <0.01 0.23 0.06 0.31 <0.01

LA Strain Rate Analysis

        Strain rate systole (SRs) 0.07 0.54 0.18 0.17 0.21 0.05

        Strain rate early diastole (SRe) -0.21 0.05 -0.31 0.01 -0.29 <0.01

        Strain rate atrial contraction (SRa) -0.05 0.65 -0.21 0.10 -0.17 0.10

LA- left atrium; ρ – spearman’s correlation coefficient

Association between LA strain and strain rate with exercise capacity 

There was a significant and positive correlation between peak LA systolic strain (PALS) with peak VO2, VO2 at anaerobic 

threshold and exercise duration (table 3). Passive emptying strain (the difference between PALS and PACS) was also 

significantly correlated with exercise capacity but no association was found between strain during atrial contraction 

(PACS) and exercise capacity.

We found an inverse correlation between exercise capacity parameters and LA strain rate at early diastole, but not 

with LA strain rate during ventricular systole or atrial contraction.
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The relation between LA size and function with left ventricle diastolic and systolic function 

As shown in table 4, worse left ventricular diastolic function, assessed by E’ velocity and E/E’ ratio, was associated with 

increased LA volumes, especially with LA volume before atrial contraction. We also observed a direct and significant 

correlation between E’ velocity with LA passive ejection fraction and with LA expansion index, but not with active 

ejection fraction. LA deformation parameters, namely peak atrial longitudinal strain (PALS), passive emptying strain and 

strain rate during early diastole (SRe) showed a strong correlation with E’ velocity and E/E’ ratio. There was a modest 

correlation between peak atrial longitudinal strain (PALS) and strain rate during systole (SRs) with ejection fraction.

Table 4 . Correlations (r) between left atrium parameters and diastolic and systolic function

E’ velocity E/E’ ratio Ejection Fraction

ρ p value ρ p value ρ p value

Left Atrium Volumes

         LA maximum volume -0.32 <0.01 0.45 <0.001 -0.16 0.13

         LA volume pre-A -0.49 <0.001 0.51 <0.001 -0.21 0.05

         LA minimum volume -0.38 <0.001 0.49 <0.001 -0.26 0.01

LA Function Indexes

         LA passive ejection fraction 0.55 <0.001 -0.35 <0.001 0.11 0.29

         LA active ejection fraction 0.07 0.47 -0.25 0.02 0.19 0.06

        LA expansion index 0.36 <0.001 -0.37 <0.001 0.20 0.05

LA Strain Analysis

        Peak LA systolic strain (PALS) 0.37 <0.001 -0.27 0.01 0.29 <0.01

        Peak LA contraction strain (PACS) -0.04 0.71 -0.08 0.43 0.20 0.06

        Passive emptying strain (PALS-PACS) 0.60 <0.001 -0.32 <0.01 0.23 0.03

LA Strain Rate Analysis

        Strain rate systole (SRs) 0.27 0.01 -0.20 0.06 0.20 0.06

        Strain rate early diastole (SRe) -0.64 <0.001 0.43 <0.001 -0.19 0.08

        Strain rate atrial contraction (SRa) -0.04 0.73 0.21 0.05 -0.23 0.03

LA- left atrium; ρ – spearman’s correlation coefficient

DISCUSSION 

In this study, we have shown that increased LA volumes are associated with decreased functional capacity, in patients 

after myocardial infarction. We found a significant correlation between exercise capacity and LA conduit function, but 

not with contractile function. Lower peak atrial longitudinal strain and reduced early diastolic strain rate correlated 

with worse exercise capacity parameters, suggesting that LA longitudinal strain analysis may also be useful to predict 

reduced exercise capacity.

The role of left atrium evaluation in cardiovascular disease 

Several studies have shown that LA enlargement is a strong predictor of cardiovascular outcomes in patients after 

myocardial infarction [2] [3], in heart failure [19] and in atrial fibrillation [20]. Beyond the prognostic value, in this 
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study we observed that increased LA volumes, especially LA volume before atrial contraction, were also associated 

with reduced exercise capacity. This observation is in accordance with another study, showing the same association 

between poor exercise performance and increased maximum LA volume in patients with heart failure with preserved 

ejection fraction (HFPEF) [21]. 

The left atrium plays an important role in the regulation of global cardiac function. It acts as a reservoir during systole, 

as a conduit during early diastole, and as an active blood pump during late diastole. More recent studies have shown 

that not only LA size, but also reduced LA function, is associated with adverse outcome. In patients after myocardial 

infarction, LA ejection fraction was an independent predictor of mortality, providing prognostic value incremental to 

that of maximum LA volume [22]. Few data are available on the role of LA function in exercise capacity. In two small 

studies LA function, assessed only by LA ejection fraction, was associated with reduced exercise capacity in HFPEF [23] 

and in patients with dilated cardiomyopathy [24]. In our study, we evaluated LA function using several parameters 

and indexes that allow a more complete evaluation of the different phases of LA function. We found that decreased 

exercise capacity was associated with reduced LA passive ejection fraction, which is an index of LA conduit function 

[4], but not with LA active ejection fraction, which is an index of LA active contraction [4]. Finally, we observed that LA 

reservoir function was a less important marker of reduced functional capacity, because LA expansion index was not 

significantly related with peak VO2, but showed a modest association with VO2 at anaerobic threshold and reduced 

exercise duration. However, to assess LA reservoir function, the analysis of parameters derived from strain analysis 

can be more accurate, especially the evaluation of peak atrial longitudinal strain (PALS).

The evaluation of LA function by strain and strain rate using 2D speckle tracking 

Two-dimensional speckle tracking is a new echocardiographic tool that tracks the speckle pattern, frame by frame, to 

calculate strain and strain rate. Strain represents myocardial deformation, whereas strain rate represents the speed 

at which myocardial deformation occurs [25]. Several studies have demonstrated good feasibility and reproducibility 

of LA strain analysis by speckle tracking [5] [7] [8]. Interestingly, Cameli et al [26] have now demonstrated that LA 

strain analysis is a predictor of cardiovascular events, showing that LA strain can be more sensitive for the evaluation 

of LA function. Indeed, longitudinal studies have also suggested that LA myocardial deformation parameters are 

reduced before atrial volume is increased [27]. 

In our study, LA longitudinal strain parameters, such as peak atrial systolic strain (PALS) were well correlated with 

reduced exercise capacity. This observation is consistent with another recent study, performed in patients referred 

for exercise echocardiography, showing a strong correlation between total LA longitudinal strain and maximal 

exercise tolerance, evaluated only by estimated metabolic equivalents [16]. It is known that PALS reflects the passive 

stretching of the left atrium during LV systole and is considered as a measure of LA reservoir function [5] [13] [27]. 

After AMI, the LA reservoir function can be particularly important because it can withstand the impact of the 

increased LA pressure due to LV dysfunction, helping to maintain an adequate LV filling. However, on the long term, 

the sustained increase in LA pressure will induce LA dysfunction and LA dilatation. Indeed, it has been shown that 

reduced PALS after myocardial infarction was an independent predictor of LA remodeling and reduced LA function 

at 1-year follow-up[27]. 

We did not find a significant relation between exercise capacity and LA contraction strain, a marker of LA pump 

function [13] [16]. Consistent with this finding, in our study we did not observe an association between exercise 

parameters and other measures of LA contraction function, such as the LA active ejection fraction or the LA strain rate 

during atrial contraction. This reinforces the observation that LA pump function is not a very significant determinant 

of functional capacity, even after myocardial infarction. Indeed, in atrial fibrillation, although peak VO2 is reduced, the 
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degree of reduction is associated with the underlying cardiac pathologic conditions and not to the atrial fibrillation 

per se [28]. Also, in these patients, cardioversion to sinus rhythm only increases exercise capacity by about 5% [29].

The interaction between left atrium and left ventricle diastolic function: the role of atrioventricular coupling

With its reservoir, conduit and active contraction phases, the LA actively modulates left ventricle (LV) function [30]. The LA 

reservoir phase is important for LV filling because the energy stored in the LA during ventricular systole is released after mitral 

valve opening, contributing to early diastolic function. In fact, LA reservoir function is impaired in several cardiac diseases 

that are associated with impaired cardiac filling [27] [31]. Besides, the LA conduit phase spans early LV filling and diastasis 

and the LA contractile phase depends on preload, afterload, intrinsic LA contractility and electromechanical coupling. To 

maintain LV filling at an optimum level during exercise, the LA reservoir, conduit, and pumping function should work in 

harmony. Therefore, it is known that the interaction between the LA and the LV functions – the atrioventricular coupling 

– can directly influence global cardiac function, cardiac output and exercise capacity [16]. In the study from Kusunose et 

al, analyzing patients with preserved LV ejection fraction referred for exercise echocardiography, the association between 

reduced LA function and impaired exercise capacity was similar to that of elevated left ventricle filling pressures (E/E’ ratio), 

emphasizing the importance of correct atrioventricular coupling [16].

On the other hand, since the LA is directly exposed to left ventricular diastolic pressure, LV diastolic dysfunction can 

lead to an increase in LA size and to changes in several phases of LA function. It is known that LA volume is a sensitive 

biomarker of the severity and duration of LV filling pressures and an indicator of chronic LV diastolic dysfunction [32] 

[33]. In this study we have also observed a significant correlation between diastolic function parameters (such as E’ 

velocity and E/E’ ratio) and LA volumes. This observation can possibly explain the association between LA volumes 

and exercise capacity in our study. Interestingly, we found that increased LA volume before atrial contraction, which 

is more dependent on early LV diastolic function and on LA conduit function [34], was the LA volume parameter that 

showed the best correlation with exercise parameters. We also observed a strong correlation between LV diastolic 

parameters with LA passive ejection fraction (an index of LA conduit function) and with LA expansion index (that 

reflects reservoir function) but not with LA active ejection fraction. Moreover, as another example of the importance 

of atrioventricular coupling, recent data have shown that different grades of diastolic dysfunction can influence 

the different phases of LA function [34] [35]. In patients with mild diastolic dysfunction the LA passive emptying is 

decreased which is compensated by an increase in active contraction but, as the severity of diastolic dysfunction 

advances, this mechanism no longer operates resulting in a reduction of LV filling volume [35]. 

LA strain and strain rate parameters evaluated by speckle tracking imaging are also significantly correlated with left 

ventricular diastolic function [6] [13] [36]. Our data are consistent with these observations showing a significant 

correlation between E’ velocity and E/E’ ratio with peak LA systolic strain and with LA passive emptying strain. As 

expected, we also found a significant association between diastolic function and LA strain rate, especially LA strain 

rate during early diastole. 

Finally, regarding the association between LA function parameters and systolic function the available data are 

controversial [13] [36]. However, in the study from Wakami et al, that performed invasive measurements in patients 

undergoing cardiac catheterization, LA systolic strain was mainly correlated with LV end-diastolic pressures but also 

with LV ejection fraction[36]. In our study we have also found a modest, but significant, association between LA 

reservoir function (assessed either with LA peak systolic strain and LA expansion index) and ejection fraction. 
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Study’s strengths and limitations

The present study extends previous results emphasizing the clinical relevance of analyzing left atrium size and 

function in several clinical settings. Beyond the classical parameters we also evaluated LA function by novel speckle 

tracking imaging parameters. In this study exercise capacity was evaluated using data from cardiopulmonary exercise 

testing with O2 consumption measurement, which is the most accurate, reliable and reproducible measurements of 

exercise tolerance [1]. The evaluation of exercise capacity using peak VO2, is considered the gold standard parameter 

for functional capacity assessment [17].  We have also assessed submaximal exercise capacity by determination 

of ventilatory anaerobic threshold, using the V-slope method, which has the advantage of being relatively effort 

independent [1]. 

In this study, LA function was assessed at rest. It is possible that measurements obtained during exercise might have 

been more predictive of exercise intolerance.  Although speckle strain has been widely used for LA evaluation [5] 

[7] [8] [27], and appears to predict cardiovascular outcomes [26], no dedicated software has been validated for the 

assessment of LA strain.

CONCLUSION 

Beyond its prognostic value, increased left atrium volumes can be useful to predict reduced exercise capacity in 

patients after myocardial infarction. Reduced exercise capacity was associated with reduced LA conduit function, 

but not with LA contractile function. Lower peak atrial longitudinal strain and reduced early diastolic strain rate also 

correlated with worse exercise parameters.  Left atrium size and function parameters were interdependent on left 

ventricle diastolic function reinforcing the importance of correct atrioventricular coupling in these patients.
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Abstract

Background: Exercise training is effective in improving functional capacity and quality of life in patients with
coronary artery disease, but its effects on left ventricular systolic and diastolic function are controversial. Diastolic
dysfunction is a major determinant of adverse outcome after myocardial infarction and, contrary to systolic
function, no therapy or intervention has proved to significantly improve diastolic function. Data from animal studies
and from patients with diastolic heart failure has suggested that exercise training can have a positive effect on
diastolic function parameters.
This trial aims to evaluate if a structured exercise training program can improve resting left ventricular diastolic and
systolic function in patients who have had an acute myocardial infarction.

Methods/Design: This is a phase II, prospective, randomized, open-label, blinded-endpoint trial that will include at
least 96 consecutive patients who have had an acute myocardial infarction one month previously. Patients will be
randomized (1:1) to an exercise training program or a control group, receiving standard of care. At enrolment, and
at the end of the follow-up period, patients will be submitted to an echocardiography (with detailed assessment of
diastolic and systolic function using recent consensus guidelines), cardiopulmonary exercise testing, an anthropometric
assessment, blood testing, and clinical evaluation. Patients randomized to the intervention group will be submitted to
an eight-week outpatient exercise program, combining endurance and resistance training, for three sessions per week.
The primary endpoint will be the change in lateral E’ velocity immediately after the eight-week exercise training
program. Secondary endpoints will include other echocardiographic parameters of left ventricular diastolic and
systolic function, cardiac structure, metabolic and inflammation biomarkers (high-sensitivity C-reactive protein and
pro-BNP), functional capacity (peak oxygen consumption and anaerobic threshold) and anthropometric measurements.

Discussion: New strategies that can improve left ventricular diastolic function are clinically needed. This will be the first
trial to evaluate, in patients who have had an acute myocardial infarction, the effects of a structured program of exercise
training on diastolic and systolic function, assessed by novel echocardiographic parameters.

Trial registration: Registered with ClinicalTrials.gov (reference: NCT02224495) on 21 August 2014.

Keywords: Diastole, Systole, Exercise therapy, Myocardial infarction

* Correspondence: fontes.carvalho@gmail.com
1Cardiology Department, Gaia Hospital Centre, Rua Conceicao Fernandes,
4434-502 Vila Nova Gaia, Portugal
2Department of Physiology and Cardiothoracic Surgery, Faculty of Medicine,
University of Porto, Al. Prof. Hernâni Monteiro, 4200 - 319 Porto, Portugal
Full list of author information is available at the end of the article

TRIALS

© 2015 Fontes-Carvalho et al.; licensee BioMed Central. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.

Fontes-Carvalho et al. Trials  (2015) 16:90 
DOI 10.1186/s13063-015-0612-6



RI
CA

RD
O

 F
O

N
TE

S-
CA

RV
AL

H
O

CHAPTER III | RESULTS/ PUBLICATIONS

D) Modulation of Diastolic Function by Exercise Training

148

A
RT

IC
LE

 8

Background
Exercise training is effective in improving functional cap-
acity and quality of life in patients with coronary artery
disease [1,2]. It is known that exercise can improve several
cardiovascular and non-cardiovascular parameters, such
as glucose metabolism, skeletal muscle function, oxidative
stress, vascular function, pulmonary circulation, ischemia-
reperfusion lesion, and ventricular remodelling [3].
However, the effect of exercise training on left ven-

tricle systolic and diastolic function is still controversial
[4-6], especially after acute myocardial infarction (AMI),
where no longitudinal study has evaluated cardiac func-
tion using modern echocardiographic parameters, such as
those derived from tissue Doppler analysis. After AMI, the
effect of exercise training on diastolic function can be clin-
ically relevant because the majority of these patients have
diastolic dysfunction (DD) [4,7,8] and, most importantly,
because no therapy or intervention has been shown to sig-
nificantly improve diastolic function [9]. Data from animal
studies are encouraging, showing that endurance training
can improve myocardial relaxation and calcium homeosta-
sis by increasing the myocardial expression of SERCA2a
and phospholamban (PLB) [10,11]. Also, a recent study
evaluating patients with heart failure with preserved ejec-
tion fraction (also known as diastolic heart failure) has
shown that the combination of endurance and resistance
training can improve diastolic function parameters [12].
Finally, it is also still controversial whether systolic function

can be improved by exercise training [4,13,14]. Most of
these studies were small, lacked control groups, and evalu-
ated systolic function only by ejection fraction, which has
several limitations in the evaluation of global left ventricle
systolic function [15].
In this trial our aim is to assess, in patients who have

had an AMI, if a structured exercise training program
can improve resting left ventricular systolic and diastolic
function.

Methods/Design
Trial design
In this prospective, randomized, open-label, blinded-
endpoint (“The Effect of Exercise Training on Car-
diac Structure and Function”) trial, patients who have
had an AMI one month previously will be randomized
(1:1) to be included in an eight-week duration exercise
training program or a control group, receiving standard of
care. Immediately before enrolment and at the end of the
follow-up period, patients will be submitted to a clinical
evaluation, detailed echocardiography, cardiopulmonary
exercise testing, and an anthropometric assessment, ac-
cording to the study design outlined in Figure 1. Because
the intervention is a structured exercise training program,
it is not possible to perform patient blinding. However, the
medical staff performing all the measurements will be
blinded to the type of intervention.

Figure 1 Design of the trial. In this prospective, randomized, open-label, blinded-endpoint trial consecutive patients who have had an acute
myocardial infarction one month previously will be randomized (1:1) to an eight-week outpatient exercise training program or standard of care.
The primary endpoint will be the change in lateral E’ velocity between baseline and follow-up.

Fontes-Carvalho et al. Trials  (2015) 16:90 Page 2 of 6



CHAPTER III | RESULTS/ PUBLICATIONS

D) Modulation of Diastolic Function by Exercise Training

149

A
RTICLE 8

Randomization by blocks will be used with an alloca-
tion sequence based on a fixed block size of eight, gener-
ated with a computer random number generator.

Participants
Eligible patients will be consecutive individuals admitted
to Gaia Hospital Centre (a tertiary care hospital with a
reference population of 700,000 patients) after AMI,
including both ST-elevation and non-ST elevation
myocardial infarction. For inclusion in the study, we will
use the criteria in the universal definition of myocardial
infarction [16]. Table 1 details the study’s inclusion and
exclusion criteria.

Intervention: the exercise training program
Patients randomized to the exercise training group will be
included in an eight-week outpatient program, encompass-
ing three sessions per week, combining endurance and re-
sistance training. Each session will consist of 10 minutes of
warm up, 50 minutes of aerobic and resistance training,
and 10 minutes of cool down. During the eight weeks, en-
durance training (cycling in the first four weeks and tread-
mill in the remaining four weeks) of increasing intensity
will be performed. Training intensity will be individualized
to a target heart rate of 70 to 85% of the maximal heart
rate achieved in the baseline cardiopulmonary exercise test.
Resistance training will also be included in each session
consisting of arm, leg, and thoracic exercises, including
dumbbell or weight training depending, on the patient’s
condition and exercise capacity. Clinical and training

parameters will be monitored throughout the exercise
including arterial blood pressure, heart rate, glycaemia
(in diabetic patients), and training level intensity. Fa-
tigue will be monitored using the Borg scale.
Patients randomized to the control group will receive

standard of care, with regular appointments with the car-
diologist, optimized medication, and recommendations on
healthy lifestyle.

Measurements: the echocardiographic evaluation protocol
A single experienced cardiologist, blinded to the patient
assignment group, will perform all echocardiographic
studies using an ultrasound system (iE33, Philips Med-
ical Solutions, Best, The Netherlands) equipped with an
S5-1 and X5-1 transducer. Cardiac chamber dimensions,
volumes, and left ventricular mass will be measured ac-
cording to current recommendations and indexed to body
surface area [17]. Mitral inflow velocities will be accessed
using pulsed-wave Doppler in the apical four-chamber
view, placed between the tips of the mitral leaflets and vel-
ocities recorded at end-expiration. Tissue Doppler veloci-
ties will also be acquired at end-expiration, in the apical
four-chamber view, with the sample positioned at the sep-
tal and lateral mitral annulus for determination of systolic
(S’), early diastolic (E’), and late diastolic (A’) velocities.
Pulsed wave Doppler velocities at the upper right pulmon-
ary vein will also be recorded to calculate the Ard-Ad rela-
tion: the time difference between the duration of the atrial
reverse wave of the pulmonary flow (Ard) and the mitral
A-wave duration. For all parameters, the average of three
consecutive heart beats will be recorded.
Left ventricle diastolic function will be evaluated accord-

ing to the EAE/ASE consensus guidelines on diastolic func-
tion evaluation [18], which include the determination of
peak early (E) and late (A) diastolic mitral inflow velocities,
deceleration time of early left ventricular filling (DT), E/A
ratio, isovolumetric relaxation time (IVRT), myocardial
early diastolic velocities at the septal and lateral side of mi-
tral annulus (E’ septal, E’ lateral, and E’ mean), E/E’ ratio
(including septal, lateral, and mean E/E’) and Ard-Ad rela-
tion. Moreover, using the consensus criteria [18], patients
will be categorized in DD grades: normal diastolic func-
tion, grade I (mild DD), grade II (moderate DD), and
grade III (severe DD), by two blinded independent cardiol-
ogists. In case of discordance, each case will be discussed
individually.
Left ventricle systolic function will be evaluated by cal-

culation of biplane ejection fraction (Simpson’s rule) and
determination of systolic velocities at the septal and lateral
side of mitral annulus by tissue Doppler (S’ septal and S’
lateral). It is known that, compared to ejection fraction, S’
velocities are more sensitive parameters for global and
regional systolic function evaluation after myocardial
infarction [19].

Table 1 Study population: inclusion and exclusion criteria

Inclusion criteria:

Between 18 and 75-years-old

Acute myocardial infarction (according to the universal definition
of myocardial infarction [16])

Both ST elevation and non-ST elevation myocardial infarction

One month since discharge

Left ventricular ejection fraction >30%

Able to exercise

Exclusion criteria

Moderate or severe valvular disease

Atrial fibrillation

Uncontrolled atrial or ventricular tachyarrhythmias

Exercise-induced myocardial ischemia

Pericardial disease

Moderate or severe chronic lung disease (vital capacity and/or forced
expiratory volume in 1 second <80% of age-dependent predicted value)

Severe renal disease or dysfunction (creatinine clearance
<30 mL/min, calculated by the Cockcroft-Gault formula)

Anaemia (hemoglobin <12 g/dL)

Fontes-Carvalho et al. Trials  (2015) 16:90 Page 3 of 6
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Measurements: cardiopulmonary exercise testing
At the beginning and end of the study protocol, patients
will be submitted to symptom-limited cardiopulmonary
exercise testing on a treadmill, using the modified Bruce
protocol (Cardiovit CS-200 Ergo Spiro; Schiller, Baar,
Switzerland). Expired gases will be continuously collected
throughout exercise and analyzed for ventilatory volume
(VE) and for oxygen (O2) and carbon dioxide (CO2) con-
tent, using dedicated analyzers. Standard spirometry (forced
expiratory volume in one second (FEV1) and forced vital
capacity (FVC)) will also be performed before the exercise
test. Equipment calibration and all measurements will be
done according to the recommendations of the American
Thoracic Society and American College of Chest Physicians
[20]. The following variables will be calculated: peak oxygen
consumption (pVO2), measured in milliliter per kilogram
per minute (mL/Kg/min); peak respiratory exchange ratio,
defined by the ratio of CO2 production to O2 consumption
at peak effort; oxygen consumption at anaerobic threshold
(AT), defined as the point at which CO2 production in-
creases disproportionately in relation to O2 consumption,
obtained from a graph plotting O2 consumption against
CO2 production; and total exercise duration (seconds). It
is known that cardiopulmonary exercise testing with O2

consumption measurement provides the most accurate,
reliable, and reproducible measurements of exercise cap-
acity [21]. We will assess exercise capacity mainly by
measuring pVO2, which is considered the gold standard
parameter for functional capacity assessment [22]. How-
ever, we will also evaluate submaximal exercise capacity
by determination of the ventilatory AT that has the advan-
tage of being relatively effort independent [21].

Measurements: clinical, analytical, and anthropometric data
At baseline and at the end of the study protocol all pa-
tients will be submitted to a clinical evaluation performed
by a cardiologist, a blood sample, and detailed anthropo-
metric evaluation. The clinical evaluation will include an
interview, review of medical registries, and a physical
examination to collect data on cardiovascular risk factors,
previous medical history, medication use or change since
last evaluation, symptoms of angina, and New York Heart
Association functional status (NYHA class).
The anthropometric evaluation will include the measure-

ment of height, weight, waist circumference, and hip cir-
cumference. Body mass index ((BMI) weight/height2 in
kg/m2) will be calculated for each subject. Waist circumfer-
ence will be measured at the midpoint between the iliac
crest and the lower rib margins, measured in the midaxil-
lary line. Body composition will be assessed by bioelectrical
impedance analysis (Tanita Inner Scan BC-522; Tanita,
Tokyo, Japan) to determine body fat percentage (%).
A fasting venous blood sample will be obtained immedi-

ately before and after the study for measurement of glucose,

total cholesterol, LDL-cholesterol, HDL-cholesterol, triglyc-
erides, high-sensitivity C-reactive protein, and N-terminal
pro-BNP. Insulin resistance will be assessed using the
Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR) score.

Study endpoints
The primary endpoint will be the change in E’ lateral
velocity after the eight-week exercise training program.
Secondary endpoints will be other echocardiographic pa-
rameters of left ventricular diastolic and systolic func-
tion, metabolic and inflammation biomarkers, functional
capacity, and anthropometric measurements, as detailed
in Study primary and secondary endpoints:

Primary endpoint
E’ lateral velocity: change between baseline and follow-up
Secondary endpoints
– Left ventricular diastolic function parameters:
E’ septal velocity; E/E’ septal, lateral and mean ratio;
E/A ratio; E-wave deceleration time; isovolumetric
relaxation time; diastolic dysfunction grades according to
the ASE/ESE consensus
– Systolic function parameters:
Ejection fraction, S’ lateral and septal velocities
– Functional capacity parameters:
Peak VO2; VO2 at anaerobic threshold; exercise
duration
– Metabolic biomarkers:
Insulin and glucose plasma levels; insulin resistance
(Homeostasis Model Assessment);
– Cardiovascular biomarkers:
N-terminal pro-BNP and high sensitivity C-reactive
protein
– Anthropometric parameters:
Weight, body mass index, waist and hip perimeter, fat
mass percentage by bioimpedance analysis

Statistical analysis and sample size calculation
The analysis of the primary endpoint will be performed on
an intention-to-treat basis by repeated-measures analysis
of covariance (ANCOVA), including the following vari-
ables: baseline E′ velocity, age, mean arterial pressure,
treatment group, gender, and baseline degree of DD.
To calculate the sample size we used as a reference the

data from the study of Edelman et al., which tested the ef-
fect of exercise training in patients with heart failure with
preserved ejection fraction [12]. Assuming a standard de-
viation of the change in E’ velocity from baseline to
follow-up of 1.5 cm/s in each group, we estimated that, to
detect a difference of 1 cm/s in the change of E’ velocity
between treatment groups, a minimum of 48 patients

Fontes-Carvalho et al. Trials  (2015) 16:90 Page 4 of 6
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would be required in each group. A significance level of
5% and a statistical power of 90% will be defined.

Ethical and legal issues
Informed consent will be obtained from all patients prior
to study beginning. The ethics review board (Comissão
de Ética do Centro Hospitalar de Vila Nova de Gaia) ap-
proved the study protocol (reference: 627/10). The study
conforms to the principles outlined in the Declaration of
Helsinki (1975) and has been registered at ClinicalTrials.
gov (reference: NCT02224495).

Discussion
Until now no therapy or intervention has proved to sig-
nificantly improve diastolic function and to change the
prognosis of diastolic heart failure [9,23]. Structured pro-
grams of exercise training can have several benefits in
metabolic, muscular, pulmonary, and cardiovascular pa-
rameters. Data from experimental studies also suggest
that exercise training can improve systolic and diastolic
function and promote favorable myocardial remodelling
[10,11]. In this study, we aim to evaluate the impact of
a structured program of endurance plus resistance
training on cardiac function in patients who have had
an AMI. Theoretically, the benefits of exercise training
can depend on clinical context and on the type, intensity,
and duration of exercise [24,25]. In this study, we will test
a combination of endurance plus resistance training dur-
ing eight-weeks, encompassing three sessions per week.
The combination of endurance and strength training is
important because strength training is useful to accelerate
the improvements in skeletal muscle bulk and function.
The protocol that will be used is similar to the one applied
by Edelmann et al., that also tested the effect of exercise
training on diastolic function in patients with heart failure
with preserved ejection fraction [12].
Cardiac function will be assessed by echocardiography

using both traditional parameters and those derived from
tissue Doppler imaging. Diastolic function will be evalu-
ated according to the latest consensus criteria between the
American Society of Echocardiography and the European
Association of Echocardiography. For the evaluation of left
ventricular diastolic function it is known that traditional
parameters, based on mitral inflow and pulmonary vein
flow velocities (such as the E/A ratio, DT, or Ard-Ad), are
markedly influenced by loading conditions, left ventricular
compliance, and left atrium function [18,23,26,27]. There-
fore the primary endpoint in this study will be the E’
velocity, determined by tissue Doppler analysis. Several
studies have shown that E’ velocity is closely related with
left ventricular relaxation assessed invasively by tau (the
time constant of isovolumic pressure decline) [28,29]. We
will also evaluate the E/E’ ratio, which is a diastolic func-
tion parameter derived from tissue Doppler that closely

reflects left ventricular filling pressures determined inva-
sively [18,30]. Systolic function will be evaluated by ejec-
tion fraction and by systolic mitral annulus velocities
(S’ velocity) from tissue Doppler. It is known that ejection
fraction is both preload- and afterload-dependent, and has
several limitations in the assessment of global left ventricle
systolic function. On the contrary, the evaluation of S’
velocities is more sensitive in the evaluation of global and
regional systolic function after myocardial infarction [19].

Trial status
Recruitment for the study has finished; 188 patients have
been included as of February 2015.
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ABSTRACT 

Background: After acute myocardial infarction (AMI), diastolic dysfunction is frequent and an important determinant 

of adverse outcome. However, few interventions have proven to be effective in improving diastolic function. We 

aimed to determine the effect of exercise training on diastolic and systolic function after AMI. 

Methods: One month after AMI, 188 patients were prospectively randomized (1:1) to an 8-week supervised program 

of endurance and resistance exercise training (n=86; 55.9±10.8 years) versus standard of care (n=89; 55.4±10.3 

years). All patients were submitted to detailed echocardiography and cardiopulmonary exercise test, at baseline and 

immediately after the study. 

Results: At follow-up, there was no significant change in E’ septal velocity or E/E’ septal ratio in the exercise group. We 

observed a small, although non-significant, improvement in E’ lateral (mean change 0.1±2.0 cm/s;p=0.40) and E/E’ 

lateral ratio (mean change of -0.3±2.5;p=0.24), while patients in the control group had a non-significant reduction in 

E’ lateral (mean change -0.4±1.9 cm/s; p=0.09) and an increase in E/E’ lateral ratio  (mean change +0.3±3.3;p=0.34). 

No relevant changes occurred in other diastolic parameters. The exercise-training program also did not improve 

systolic function (S’ velocities or ejection fraction).

Exercise capacity improved only in the exercise-training group, with an increase of 1.6mL/Kg/min in pVO2 (p=0.001) 

and of 1.9mL/Kg/min in VO2 at anaerobic threshold (p<0.001). 

Conclusions: After AMI, an eight-week endurance plus resistance exercise-training program did not significantly 

improve diastolic or systolic function, although it was associated with an improvement in exercise capacity parameters.

KEY WORDS 

Diastole; systole; exercise therapy; myocardial infarction
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INTRODUCTION 

Diastolic dysfunction is prevalent in the community (1) and is recognized as an important predictor of heart failure 

(2) and long-term mortality (1) (3). After acute myocardial infarction (AMI), both systolic and diastolic functions are 

significantly impaired, and the majority of patients have diastolic dysfunction (4) (5) (6). In these patients diastolic 

dysfunction is also a major determinant of adverse clinical outcome (4) and decreased functional capacity (5). 

However, contrary to systolic function, no therapy or intervention has been shown to significantly improve diastolic 

function after AMI (7).

Exercise training, as part of cardiac rehabilitation, is effective in improving functional capacity and quality of life 

in patients with coronary artery disease (8) (9). Other cardiovascular and non-cardiovascular benefits have been 

reported, namely in glucose metabolism, skeletal muscle function, oxidative stress, vascular function, pulmonary 

circulation, ischaemia-reperfusion lesion and ventricular remodelling (10). However, the benefit of exercise training 

on diastolic function is controversial (6) (11) (12), especially after AMI where no longitudinal study has evaluated 

diastolic function using modern echocardiographic parameters.

We conducted a prospective, randomized, controlled study to determine the effect of exercise training on resting 

diastolic and systolic function in patients after acute myocardial infarction.

METHODS 

Participants and study design

We prospectively enrolled patients one month after AMI, with both ST elevation and non-ST elevation AMI, defined 

according to the universal definition consensus document (13). Exclusion criteria were age below 18 or above 75 

years, inability to exercise, hemodinamically significant valvular disease, moderate to severe chronic lung disease 

(vital capacity and/or forced expiratory volume in 1 s below 80% of age-dependent predicted value), atrial fibrillation, 

uncontrolled atrial or ventricular tachyarrhythmias, exercise induced myocardial ischemi, severe renal disease or 

dysfunction (creatinine clearance <30 mL/min, calculated by the Cockcroft-Gault formula) and anaemia (haemoglobin 

<12 g/dl). Patients were randomized (1:1) to be included in a structured exercise-training program versus a control 

group, receiving standard of care. Randomization by blocks was used, and an allocation sequence based on a fixed 

block size of 8 was generated with a computer random number generator.

Immediately before enrolment and at the end of the follow-up, all patients were submitted to clinical evaluation, 

detailed transthoracic echocardiography and cardiopulmonary exercise test. Both groups had regular appointments 

with a cardiologist and received optimal medical therapy. Informed consent was obtained from all patients and the 

local institution review board (“Comissão de Ética do Centro Hospitalar de Vila Nova de Gaia”) approved the study 

protocol (reference 627/10). The study protocol conforms to the principles outlined in the Declaration of Helsinki 

(1975) and the study has been registered at ClinicalTrials.gov (reference NCT02224495).

Echocardiographic evaluation

A single experienced cardiologist, blinded to the patient assignment group, will perform all echocardiographic 

studies using an ultrasound system (iE33, Philips Medical Solutions, Best, The Netherlands) equipped with S5-1 

and X5-1 transducer. Cardiac chamber dimensions, volumes and left ventricular mass were measured according 

to current recommendations (14). Mitral inflow velocities were assessed using pulsed-wave Doppler in the apical 
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four-chamber view, with a 3mm sample placed between the tips of the mitral leaflets; velocities were recorded at 

end-expiration. Tissue Doppler velocities were acquired at end-expiration, in the apical four-chamber view, with the 

sample positioned at the septal and lateral mitral annulus for determination of systolic (S’), early diastolic (E’) and 

late diastolic (A’) velocities. Pulsed wave Doppler velocities at the upper right pulmonary vein were also recorded. 

For all parameters, the average of three consecutive heart beats was recorded.

Left ventricle diastolic function was assessed according to the EAE/ASE consensus guidelines on diastolic function 

evaluation (15) which included determination of peak early (E) and late (A) diastolic mitral inflow velocities, 

deceleration time of early left ventricular filling (DT), E/A ratio, myocardial early diastolic velocities at the septal 

and lateral side of mitral annulus (E’septal, E’lateral, E’mean), E/E’ ratio (including septal, lateral and mean E/E’), 

pulmonary vein flow analysis (to calculate the Ard-Ad relation: the time difference between the duration of the atrial 

reverse wave of the pulmonary flow - Ard – and the mitral A-wave duration) and isovolumetric time relaxation (IVRT). 

Using the consensus criteria (15) patients were categorized in diastolic dysfunction (DD) grades: normal, grade I 

(mild DD), grade II (moderate DD) and grade III (severe DD), by two blinded independent cardiologists. In case of 

discordance, each case was discussed individually. 

Left ventricle systolic function was evaluated by calculation of biplane ejection fraction  (Simpson’s method) and 

determination of systolic velocities at the septal and lateral side of mitral annulus by tissue Doppler (S’septal and 

S’lateral). 

Cardiopulmonary exercise testing

At the beginning and at the end of the study, each patient underwent a symptom-limited cardiopulmonary 

exercise testing (CPX) on a treadmill, using the modified Bruce protocol (Cardiovit CS-200 Ergo Spiro; Schiller, Baar, 

Switzerland). Expired gases were continuously collected throughout exercise and analysed for ventilatory volume 

(VE) and for oxygen (O2) and carbon dioxide (CO2) content, using dedicated analysers. Standard spirometry (forced 

expiratory volume in one second (FEV1) and forced vital capacity (FVC)) were also undertaken before exercise 

test. Equipment calibration and all measurements were done according to the recommendations of the American 

Thoracic Society and American College of Chest Physicians (16). The following variables were calculated: peak oxygen 

consumption (pVO2) measured in millilitre per kilogram per minute (mL/Kg/min); peak respiratory exchange ratio, 

defined by the ratio of CO2 production to O2 consumption at peak effort; anaerobic threshold (AT) defined as the 

point at which CO2 production increases disproportionately in relation to O2 consumption, obtained from a graph 

plotting O2 consumption against CO2 production; and total exercise duration (seconds). Patients were not asked to 

discontinue beta-blockers before the test.

Intervention: the exercise-training program 

The exercise-training group participated in an 8-week outpatient exercise-training program, encompassing 3 sessions 

per week, including endurance and resistance training. Each session consisted of 10 minutes of warm up, 50 minutes 

of aerobic and resistance training and 10 minutes of cool down. During the 8 weeks, endurance training (cycling on 

the first 4 weeks and treadmill on the remaining 4 weeks) of increasing intensity was performed. Training intensity 

was individualized to a target heart rate of 70-85% of the maximal heart rate achieved in baseline CPX.  Resistance 

training was also included in each session, including arms, legs and thoracic exercises including dumbbell or weight 

training depending on the patient’s condition and exercise capacity. Clinical and training parameters were monitored 

including arterial blood pressure, heart rate (by telemetry or wrist device), glycaemia (in diabetic patients) and 
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training level intensity. Borg scale was used to monitor fatigue.  Patients randomized to the control group received 

standard of care, with regular appointments with the cardiologist, optimized medication and recommendations on 

healthy lifestyle. 

The primary endpoint was the change in E’ lateral velocity. Secondary endpoints were other echocardiographic 

parameters of left ventricular diastolic (E’ septal velocity and E/E’ septal, lateral and mean ratio, E/A ratio,) and 

systolic function (S’ septal and lateral velocities and ejection fraction) and parameters of exercise capacity (peak VO2, 

VO2 at anaerobic threshold and exercise duration). 

Statistical analysis

Statistical analysis was performed using SPSS Statistics 22.0 (IBM Corp, Armonk, NY, USA). All continuous variables 

were expressed as mean ± standard deviation or as median (percentile 25-75) (IQR) for variables with non-normal 

distribution. Categorical variables are expressed as number (n) and percentage (%). A significance level of 0.05 was 

used. Differences between clinical and echocardiographic baseline characteristics of the two groups were assessed 

by an independent-samples t-test, chi-square or Mann-Whitney test, as appropriate. Changes in echocardiographic 

and cardiopulmonary test within groups during follow-up were determined by paired-sample t-test (if normally 

distributed) or Wilcoxon test (if not normally distributed). 

To calculate the sample size we used as reference the data from the study of Edelman et al, which tested the effect 

of exercise training (17). Assuming a standard deviation of the change in E’ velocity from baseline to follow up of 

1.5 cm/s in each group, we estimated that, to detect a difference of 1 cm/s in the change of E’ velocity between 

treatment groups, a minimum of 48 patients would be required in each group. A significance level of 5% and a 

statistical power of 90% were defined.

RESULTS 

From 313 patients assessed for eligibility, 175 completed the protocol according to the study’s flow chart outlined in 

figure 1. The characterization of the study population is presented in table 1. The study sample included mostly men 

(82.3%), with a mean age of 55.6±10.5 years, an ejection fraction of 54.0±9.5% and an overall prevalence of DD of 

61.1%: 26.9% had grade I DD; 29.3% had grade II and 4.8% had grade III DD. Baseline demographic characteristics, 

cardiovascular risk factors and echocardiographic parameters did not significantly differ between groups, as shown in 

table 1. Patients were doing optimized medical therapy, with dual anti-platelet therapy in all patients, beta-blockers 

in 95.2%, renin-angiotensin axis inhibitor in 97.8%, aldosterone antagonist in 37.2% and statins in 97.3%. There were 

no significant differences between the two groups in cardiovascular medical therapy.
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Figure 1 . Flow chart of the study
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Table 1 . Baseline characteristics of the study sample 

Control Group        
(n= 86)

Exercise Training     
(n= 89)

p value

Age (years) 55.9±10.8 55.4±10.3 0.73

Sex, male (%) 79.1% 85.4% 0.19

Hypertension (%) 45.3% 49.4% 0.35

Diabetes (%) 9.3% 14.6% 0.20

Dyslipidemia (%) 48.8% 57.3% 0.17

Smoker (%) 55.8% 51.7% 0.35

Obesity (%) 16.3 % 20.2% 0.30

ST elevation Myocardial Infarction (%) 34.9% 39.3% 0.81

Angioplasty (%) 75.6% 76.4% 0.57

NT-ProBNP (ng/L)
348.0                

(138.0-736.0)
366.0                      

(198.3-729.5)
0.45

Echocardiography

    Septum (mm) 9.6±1.7 9.7±1.5 0.46

    Posterior wall (mm) 9.2±1.5 9.5±1.5 0.23

    LV mass index (g/m2) 104.2±24.5 106.0±25.9 0.66

    LA volume index (ml/m2) 34.8±9.6 34.6±8.9 0.90

    LV end-diastolic volume (ml) 107.0±29.3 109.9±27.6 0.44

    LV end-systolic volume (ml) 49.2±21.4 52.6±22.4 0.61

    E wave (cm/s) 78.5±17.6 77.8±19.4 0.80

    A wave (cm/s) 67.9±16.0 67.8±19.4 0.95

    E/A ratio 1.2±0.4 1.2±0.5 0.94

    Deceleration time (ms) 211.5±43.1 227.7±52.6 0.03

    E’ septal (cm/s) 6.8±1.6 6.9±1.8 0.82

    E’ lateral (cm/s) 9.6±2.4 9.7±2.7 0.56

    E/E’ septal 12.0±3.3 11.9±4.7 0.95

    E/E’ lateral 8.6±3.1 8.6±3.5 0.98

    E/E’ mean 10.3±3.0 10.3±3.8 0.96

    IVRT (s) 124.7±27.0 126.6±27.1 0.73

    Ard-Ad (s) 33.1±40.9 26.7±41.6 0.33

    Ejection Fraction (%) 54.2±9.4 53.9±9.8 0.83

    S’ septal (cm/s) 6.7±1.1 6.7±1.5 0.98

    S’ lateral (cm/s) 7.6±1.7 7.3±1.8 0.56

Data are presented as mean and standard deviation or as median (percentile 25-75) 

for continuous variables and percentage for categorical variables.
(LV – left ventricle; LA – left atrium; ARd-Ad - time difference between the duration of the atrial reversal wave of the pulmonary flow and the mitral A-wave duration;

IVRT – isovolumetric relaxation time )
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The effect of exercise training on diastolic and systolic cardiac function

As shown in table 2, there was no significant improvement in E’ septal or E/E’ septal neither in the exercise training 

group nor in controls. At follow-up, patients in the control group showed a non-significant reduction in E’ lateral 

(mean change of -0.4±1.9 cm/s) and an increase in E/E’ lateral ratio  (mean change of +0.3±3.3) and in E/E’ mean ratio 

(change of +0.2±2.8), whereas in the exercise training group there was a slight, but also non-significant, improvement 

in E’ lateral (mean change of 0.1±2.0 cm/s), E/E’ lateral ratio (mean change of -0.3±2.5) and in E/E’ mean ratio (mean 

change -0.3±2.8).  

Table 2. Comparison of diastolic function parameters at baseline and follow-up between control and exercise training groups

Control Exercise Training p valueτ

E’ lateral, cm/s

     Baseline 9.6±2.4 9.7±2.7

     Follow-up 9.3±2.5 9.9±2.7

     Change -0.4±1.9 0.1±2.0 0.10

     p value* 0.09 0.40

E’ septal, cm/s

     Baseline 6.8±1.6 6.9±1.8

     Follow-up 6.8±1.8 6.9±1.8

     Change 0.0±1.2 0.0±1.2 0.97

     p value* 0.88 0.84

E/E’ lateral ratio

     Baseline 8.6±3.1 8.6±3.5

     Follow-up 8.9±4.0 8.3±3.5

     Change 0.3±3.3 -0.3±2.5 0.14

     p value* 0.34 0.24

E/E’ septal ratio

     Baseline 12.0±3.3 11.9±4.7

     Follow-up 12.1±4.4 11.7±3.8

     Change 0.0±2.9 -0.2±3.7 0.60

     p value* 0.88 0.58

E/E’ mean ratio

     Baseline 10.3±3.0 10.3±3.8

     Follow-up 10.5±4.0 10.0±3.4

     Change 0.2±2.8 -0.3±2.8 0.29

     p value* 0.53 0.38

E/A ratio

     Baseline 1.2±0.4 1.2±0.4

     Follow-up 1.2±0.4 1.1±0.4

     Change 0.0±0.4 -0.1±0.5 0.28

     p value* 0.58 0.07

* p value for the comparison between baseline and follow-up values of each individual (paired T test)
τ  p value for the difference between groups in the change of each parameter from baseline to follow-up (independent-samples T test)
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Exercise training did not significantly improve other diastolic function parameters, such as E/A ratio, deceleration 

time, isovolumic relaxation time or the Ard-Ad relation derived from pulmonary vein flow analysis. Between baseline 

and follow-up, we did not observe a significant change in left atrium volume index in neither group (34.7±8.9 ml/m2 

at baseline to 34.7±10.9 ml/m2 at follow up, in the exercise-training group; p=0.97).

Patients in the exercise-training and in the control groups did not significantly improved left ventricle ejection 

fraction, as outlined in table 3. Regarding the evaluation of systolic function by tissue Doppler parameters there 

wasn’t a significant change in S’ septal or S’ lateral in patients submitted to exercise training. 

Table 3 . Comparison of systolic function parameters at baseline and follow-up between control and exercise training groups

Control Exercise Training Difference between groups

S’ septal, cm/s

     Baseline 6.7±1.1 6.7±1.5

     Follow-up 6.7±1.1 6.6±1.3

     Change 0.0±0.9 0.1±1.0 0.52

     p value 0.82 0.31

S’ lateral, cm/s

     Baseline 7.6±1.7 7.3±1.8

     Follow-up 7.5±1.8 7.4±1.7

     Change 0.0±1.2 0.0±1.0 0.78

     p value 0.94 0.50

Ejection Fraction, %

     Baseline 54.5±9.4 54.1±9.7

     Follow-up 54.5±8.9 53.7±8.4

     Change 0.0±9.1 -0.3±7.5 0.85

     p value 0.98 0.74

The effect of exercise training on functional capacity

Exercise training significantly improved exercise capacity parameters, as shown in table 4. At follow-up, patients in 

the exercise-training group had an increase in peak VO2 (mean increase of +1.9±5.26 mL/min/kg; p<0.01), in VO2 at 

anaerobic threshold (+1.4±3.8 mL/min/kg; p<0.01) and in exercise duration (+74.5±76.9 seconds; p<0.01), compared 

to baseline. Patients in the control group slightly improved exercise duration (+34.0±73.6 s compared to baseline; 

p<0.01) but there was no increase in peak VO2 or in VO2 at anaerobic threshold.
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Table 4 . Comparison of capacity parameters at baseline and follow-up between control and exercise training groups.

Control              
(n=86)

Exercise Training       
(n=89)

p value**                   
(difference between groups)

VO2 peak, ml/min/kg

     Baseline 29.6±6.9 29.1±7.6

     Follow-up 29.4±7.7 31.0±9.5

     Change 0.2±3.6 1.9±5.2 <0.01

     p value* 0.70 <0.01

VO2 at Anaerobic Threshold, 
kg/ml/min/Kg

     Baseline 17.9±4.0 16.7±3.8

     Follow-up 18.2±5.3 18.2±5.0

     Change 0.2±3.9 1.4±3.8 0.06

     p value* 0.62 <0.01

Exercise Duration, s

     Baseline 577.2±132.0 553.0±136.1

     Follow-up 611.2±138.1 625.7±147.5

     Change 34.0±73.6 74.5±76.9 <0.01

     p value* <0.01 <0.01

* p value for the comparison between baseline and follow-up values of each individual (paired T test)

**  p value for the difference between groups in the change of each parameter from baseline to follow-up (independent-samples T test)

DISCUSSION 

In this prospective, randomized, controlled study an eight-week exercise-training program after myocardial infaction 

did not significantly improve diastolic or systolic function parameters, although it was associated with a significant 

improvement in exercise capacity.

In patients after myocardial infarction, left ventricle diastolic dysfunction is frequent (4) (5) (6) and an important 

determinant of adverse clinical outcome (4). In our study, using the most recent consensus definition for diastolic 

function evaluation (15), we confirmed a high prevalence (61.1%) of diastolic dysfunction in this population. It is also 

known that diastolic dysfunction is also an important determinant of exercise intolerance(5), but no interventions 

have proven to significantly improve diastolic function (7).

The impact of exercise on left ventricular diastolic function

Data from animal studies suggested that endurance training could improve myocardial relaxation and calcium 

homeostasis, by increasing the myocardial expression of SERCA2a and phospholamban (18) (19). In patients with 

systolic heart failure, the benefit of exercise on diastolic function is controversial (11) (20), but in patients with 

heart failure with preserved ejection fraction, recent studies have shown that exercise can improve diastolic function 

parameters (17). However, after AMI few longitudinal studies have evaluated the impact of exercise training on left 

ventricular diastolic function(6) and none of them have used modern and integrated echocardiographic parameters 

for diastolic function assessment. In our study, we observed that this eight-week structured exercise-training 

program, consisting of endurance plus resistance training, did not significantly improve diastolic function because 
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there was no significant change in lateral or septal E’ velocities and no reduction in left ventricle filling pressures 

estimated by E/E’ ratio.

The potential benefits of exercise training on myocardial structure and function can be influenced by several factors, 

such as the underlying cardiovascular disease, the baseline systolic and diastolic function, the criteria used for diastolic 

function evaluation, and the timing, type (endurance versus resistance) and duration of exercise. In this study we 

tested a combination of endurance plus resistance training during a relatively short period of time. First, it is possible 

that an 8-week duration exercise program was too short to induce changes in myocardial function. However, in the 

study from Edelmann et al, including patients with heart failure preserved ejection fraction, there was a significant 

improvement in E/E’ ratio already at 12 weeks (17). On the contrary, another study consisting of 16-week exercise 

training failed to improve cardiac function in patients with diastolic dysfunction (11). Second, the type of exercise 

could be responsible for these results (21). The present study incorporated traditional endurance training, which was 

complemented with a strength-training component and was very similar to the training protocol used by Edelman 

(17). In this setting, strength training can be useful to accelerate improvements in skeletal muscle bulk and function. 

Newer training modalities using high intensity aerobic interval training (reaching 95% of peak heart rate) seem to 

be superior to moderate continuous endurance training, for improving ejection fraction, endothelial function and 

skeletal muscle function in patients with systolic heart failure (22). Third, the timing of initiation of exercise can also 

influence the effect of exercise training. Previous studies have suggested that the largest improvements in ventricular 

volumes and ejection fraction can be obtained when exercise is began just one week after AMI (23). This latter study 

did not evaluate the effect on diastolic function. 

Effect of exercise training on left ventricular systolic function 

It is also controversial if resting left ventricle systolic function can be improved by exercise training (6) (24) (25). 

Most of the studies were small, lacked control groups and evaluated systolic function only using ejection fraction. It 

is known that ejection fraction is preload and afterload dependent and has several limitations in the assessment of 

global left ventricle systolic function. In this study we evaluated systolic function also using tissue Doppler derived 

systolic mitral annulus velocities (S’ lateral and septal velocities) that is known to be more sensitive in the evaluation 

of global and regional systolic function after myocardial infarction (26). However, in our study, neither ejection 

fraction nor S’ velocities significantly improved after the implementation of this exercise training program.

 

The effect of exercise training on functional capacity 

Contrary to cardiac function, the exercise training protocol significantly improved functional capacity, as determined 

by a peak VO2. These observations suggest that the improvement in functional capacity was caused mainly by non-

cardiac mechanisms, similar to what has been observed in heart failure patients (22) (27). These mechanisms may 

include improved oxidative capacity or anaerobic glycolysis of skeletal muscle, improved arteriovenous difference 

(with better oxygen uptake by the peripheral tissues) and/or improved vascular function (11, 22). In another study, 

Smart et al also showed that in patients with diastolic dysfunction the improvement in functional capacity parameters 

after 16 weeks of training was related to improvements in non-cardiac parameters [10].  

Strengths and limitations 

This was a prospective, randomized, single-blinded, controlled trial that evaluated the effect of a supervised 
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exercise-training program on diastolic and systolic function. For the assessment of cardiac function, we used recent 

echocardiographic parameters derived from tissue Doppler analysis, which provide a more accurate evaluation of left 

ventricular function in comparison with classical parameters. Also, we compared exercise capacity before and after 

the program by evaluating peak VO2 that is considered the gold-standard method to evaluate exercise tolerance.

Regarding the limitations of this study we investigated mostly middle-aged men and, therefore, no assumptions can 

be made regarding older individuals or women. We evaluated cardiac function only at rest, and therefore potential 

benefits of exercise training on cardiac function during exercise could not be evaluated. We tested the effect of 

an exercise-training protocol that was of relatively short duration and consisting of both endurance plus strength 

training protocol. However, in patients after AMI the optimal type, duration, frequency and intensity of exercise 

training still needs to be addressed in the future. Finally, the contribution of non-cardiac factors (peripheral and 

muscular) in the improvement of exercise capacity should be addressed in forthcoming studies.

CONCLUSION 

In patients one month after acute myocardial infarction, an eight-week structured exercise-training program, 

consisting of endurance plus resistance training, improved exercise capacity, but was not associated with a significant 

change in both diastolic and systolic left ventricular function.
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Diastolic dysfunction: a prevalent condition across the cardiovascular continuum 

In this research project we uncovered several features on the importance of evaluating diastolic function 

in different phases of the cardiovascular continuum. First, we observed that LVDD was frequent across the 

cardiovascular continuum, showing an increasing prevalence from individuals with no cardiovascular risk 

factors to patients after myocardial infarction. We observed that the overall prevalence of LVDD in the general 

population was high (23%), even after excluding patients with known cardiovascular disease. The prevalence 

of diastolic dysfunction is influenced by the presence of several risk factors, mainly by hypertension, obesity 

and insulin resistance/diabetes. Whereas in individuals without cardiovascular risk factors the prevalence of 

diastolic dysfunction was only 16.3%, it doubled to 33% in patients with metabolic syndrome. Myocardial 

ischemia is another well-known determinant of LVDD (9). In our cohort of patients after myocardial infarction 

– which represent a more advanced stage of the cardiovascular continuum – the prevalence of LVDD increased 

to 56%. Although not analyzed in this project, at the other end of the cardiovascular continuum, LVDD is 

reported to affect almost all patients with HFpEF (23).

Unraveling the determinants of subclinical diastolic dysfunction to stop the progression to heart failure

According to the ACCF/AHA classification, an individual with subclinical LVDD is classified has having 

stage B of heart failure (16) because LVDD, even when asymptomatic, is associated with the development of 

symptomatic heart failure and with long-term mortality (13). Although the progression from subclinical LVDD 

to symptomatic HFpEF is dependent on several other cardiac and extracardiac conditions (20), as detailed in 

figure 2, the identification and correction of the main determinants of diastolic function can be of paramount 

importance to stop the progression to overt heart failure. This can be especially relevant for the management 

of heart failure with preserved ejection fraction (98), a disease where no therapy or intervention has shown 

to significantly change the prognosis. Our research unveiled the role of some new determinants of diastolic 

dysfunction, especially the role of obesity (visceral versus subcutaneous adiposity), epicardial fat, adipokines 

secretion and insulin resistance.  

Obesity cardiomyopathy: a novel entity contributing to subclinical diastolic dysfunction

Obesity is independently associated with heart failure risk (60). Therefore, the latest heart failure 

guidelines have recognized obesity cardiomyopathy as a new and distinct clinical entity (16). The precise 

mechanisms leading to this obesity-related cardiomyopathy are not known, but diastolic dysfunction seems 

to be an intermediate step between obesity and heart failure (99). Furthermore, the comprehension of this 

obesity cardiomyopathy can be also useful to understand the pathophysiology of HFpEF because several 

epidemiological studies have shown that these patients have more obesity, compared to patients with 

systolic heart failure (21).

The results of this research provided several new insights to the comprehension of the mechanisms 
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underlying this obesity cardiomyopathy. First, we observed that total adiposity parameters were independent 

determinants of subclinical diastolic function. We observed an association with body mass index, but also 

with fat mass percentage (determined by bioimpedance analysis), which is a more accurate measure of total 

adiposity.  Moreover, we have validated the association between increased fat mass and diastolic dysfunction 

in two different populations: one from the general community and the other from a relatively large sample 

of patients after myocardial infarction. These observations are also in accordance with recently published 

studies (58) (100).

Secondly, the association between diastolic function and fat mass was especially relevant with the 

adiposity parameters that measure visceral fat, such as the waist perimeter and the abdominal visceral 

fat area (determined by CT scan). It is known that visceral fat is the metabolically most active fat depot 

(62), secreting adipokines, causing insulin resistance and inducing a systemic pro-inflammatory effect. The 

combination of all our results suggests that this association is partially mediated by an endocrine effect, 

as will be discussed latter. In the literature, two other studies have confirmed that waist circumference 

(101), and increased abdominal visceral fat mass assessed by CT scan (102), were determinants of LVDD, 

independently of BMI and subcutaneous fat, respectively. It is known that the total amount of fat, and its 

distribution, is influenced by age and sex. Thus, not surprisingly, we observed that the effect of adiposity on 

left ventricle diastolic function was sex- and age-specific, being more important in men than in women, and 

especially in the younger population. 

The secretion of adipokines is another mechanism that could be involved in the association between 

adiposity and LVDD. Previous experimental studies found that the secretion of leptin and adiponectin can 

have mitogenic effects (103), induce myocardial hypertrophy (104), increase cardiomyocyte fatty acid loading 

(105) and change cardiac systolic function (106). In a sample of 556 individuals from the general population 

we observed that higher leptin levels – but not of adiponectin – were independently associated with LVDD. 

Recently, a long-term prospective study has shown that higher leptin levels were independently associated 

with incident heart failure, even after adjustment for multiple risk factors, including body mass index (107). 

Altogether, these data suggest that the secretion of adipokines, especially of leptin, can be involved in the 

established association between obesity, diastolic dysfunction and heart failure risk. Therefore, if these 

observations are confirmed in other studies, it will be possible to use leptin as a new therapeutic target for 

diastolic dysfunction. Future research will determine if the inhibition of leptin activity in the cardiovascular 

system – using recently developed superactive leptin muteins or leptin-blocking peptides, proteins, 

monoclonal antibodies, and nanobodies(108) – can improve diastolic function or confer favorable myocardial 

remodeling in hiperleptinemic patients.

Several other direct and indirect pathophysiological mechanisms can be involved in the association 

between increased adiposity and LVDD. The effect can be indirect because obesity is associated with 

hypertension, diabetes, coronary artery disease and sleep apnea (57), conditions that can influence diastolic 

function (20). To evaluate the relative role of these direct and indirect mechanisms on LVDD we performed 
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a path analysis in our sample from the general population. In women we observed that adiposity induced 

diastolic dysfunction mainly by an indirect effect, especially through hypertension. On the contrary, in men the 

mechanism involved was mainly direct. Although not evaluated in this project, obesity can modulate cardiac 

function by other mechanisms, such as by inducing myocardial fat acid infiltration, increasing peripheral 

resistance and ventricular afterload and causing chronic volume overload (109) (110). 

In recent years, considerable interest has risen on the local/paracrine effect of epicardial fat.  Several 

studies have demonstrated an independent association with the development and progression of coronary 

artery disease (68, 70-72, 111). In order to evaluate if epicardial fat was also associated with changes in 

myocardial function, we measured epicardial fat volume by CT scan and found that increased epicardial 

fat was associated with impaired diastolic function, independently of body mass index. It is known that 

epicardial adipose tissue can influence myocardial structure and function by “systemic” (obesity mediated), 

“mechanical” and “paracrine” pathways. The systemic effects of increased adiposity on LVDD have been 

previously discussed. Furthermore, epicardial fat volume can range from 50 g to >250 g, which can directly 

influence diastolic function by posing a mechanical limitation to cardiac expansion(73). Finally, at a local 

level, epicardial adipose tissue produces several inflammatory mediators and adipokines that can directly 

induce changes in the myocardium by a paracrine effect (66) (112), and/or producing free fatty acids which 

can accumulate in the myocardium and induce cardiomyocyte apoptosis (113) (109). In this study we 

only evaluated the role of epicardial fat in patients after myocardial infarction and, therefore, we cannot 

extrapolate these conclusions to the general population or to other cardiac diseases.

The association between obesity, diastolic function and HFpEF can have several clinical implications. First, 

the increasing obesity epidemic worldwide will likely contribute to the expected increase in the incidence 

of heart failure. Interestingly, epidemiological studies have shown that the proportion of patients with the 

HFpEF have increased over time from 38% to 54% of cases of heart failure (21), which is related to the ageing 

of the population but also to increased rates of hypertension and obesity. Data from a recent longitudinal 

follow-up of the CARDIAC study suggested that strategies for promoting weight loss, and reduce central 

adiposity may be effective for the prevention of HFpEF (114). Also, two studies with significant weight loss 

after bariatric surgery showed a significant improvement in diastolic function (115) (116). Future studies 

will determine the efficacy and safety of weight loss (with diet, exercise and/or bariatric surgery) to prevent 

the onset and progression of subclinical diastolic dysfunction and to stop the progression to heart failure in 

obese patients. These interventions should probably be applied from early ages because recent studies have 

shown subclinical changes in diastolic function already in obese children (117).

Subclinical diastolic dysfunction as a cardiometabolic disease: the role of insulin resistance, metabolic 

syndrome and diabetes

LVDD is one of the earliest manifestations of myocardial involvement in type 2 diabetes mellitus (85) 
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and a key component of diabetic cardiomyopathy (83). Nevertheless, few studies have clearly demonstrated 

an independent association between diabetes and incident heart failure (118), especially because this 

association is confounded by the simultaneous presence of other heart failure risk factors.

 In our sample from the general population we observed that changes in diastolic function precede the 

onset of diabetes, being mainly associated with the state of insulin resistance. These data are in accordance 

with previous studies also showing that in early phases of the diabetic continuum – such as in patients with 

impaired glucose tolerance – changes in diastolic function are already apparent (86) (87). Therefore, insulin 

resistance can be the main pathophysiologic mechanism involved in this “diabetic cardiomyopathy”. Insulin 

resistance can cause LVDD by inducing changes in myocardial substrate utilization (88) (83), increasing 

myocardial interstitial fibrosis (89), activation of the sympathetic nervous system (90) and impaired 

ventricular-vascular coupling (91) (92). Furthermore, insulin resistance, with or without diabetes mellitus, is 

established as an independent risk factor for incident HF (119) (120) (121). 

In our study, we also showed a progressive worsening of diastolic function parameters from normal 

individuals to patients with metabolic syndrome, and then to patients with fully established type 2 diabetes. 

In our population, metabolic syndrome was associated with LVDD, independently of age, sex, blood pressure 

and body mass index. These data are in accordance with the observations of other smaller studies (95) (122) 

(123) (96), which have also demonstrated a progressive worsening of diastolic function parameters according 

to the number of criteria for metabolic syndrome (95) (96).

Altogether these data suggest that subclinical changes in left ventricular diastolic function are already 

present in an early phase of glucose disturbance metabolism, before the onset of diabetes, being mainly 

associated with the state of insulin resistance and not only to sustained hyperglycemia. However, it is known 

that sustained hyperglycemia increases glycation of interstitial proteins, such as collagen and the deposition 

of advanced nonenzymatic glycation end products (AGE) in the extracellular matrix (38), resulting in a further 

increase in myocardial stiffness. This “glucotoxic” effect can partially explain the additional deterioration 

of diastolic function from patients with metabolic syndrome but without diabetes, to patients with fully 

established diabetes. Reinforcing this possibility, a large study of patients with type 1 diabetes (where 

insulin resistance is not an important pathophysiological mechanism) showed that incident heart failure was 

associated with HbA1c and the rate of glycemic control (124). Consequently, current guidelines advocate 

glycemic control in all stages of the ACCF/AHA stages of heart failure, although no trial has demonstrated that 

such control can reduce subsequent risk of heart failure. On the contrary, clinical trials with thiazolidinediones 

(125) and, more recently, with the dipeptidyl peptidase-4 (DPP-4) inhibitors (126) have shown an increased 

risk of heart failure.

Future research will determine if the administration of drugs acting in an earlier phase of the diabetic 

continuum can improve myocardial structure and function, especially diastolic dysfunction. Indeed, in animal 

models of insulin resistance, metformin had a “cardioprotective” effect by reducing myocardial fibrosis, 

improving cardiac remodeling and preventing the progression to heart failure (127) (128). Therefore, we 



CHAPTER IV | DISCUSSION

173

are now conducting a single center, phase II clinical trial (MET-DIME), to evaluate if the administration of 

metformin can improve diastolic function in patients with metabolic syndrome and left ventricular diastolic 

dysfunction. The study protocol is detailed elsewhere (129) and is published in clinicaltrials.gov (reference 

NCT02017561). 

The role of diastolic function on functional capacity and its modulation by exercise training

LVDD is an important prognostic marker of adverse clinical outcome in patients at different stages of 

the cardiovascular continuum (9) (18) (19). Beyond its prognostic role, we showed that resting diastolic 

function parameters, particularly E/E’ ratios and E’ velocities, were the strongest echocardiographic 

correlates of exercise capacity, after myocardial infarction. Diastolic function correlated with functional 

capacity independently of other determinants of exercise capacity such as age, sex, obesity, hypertension 

and diabetes. 

Furthermore, it is known that sustained LVDD induces left atrium remodeling (41). Thus, increased LA 

volume (in the absence of other causes of LA enlargement) can be considered a biomarker of the severity 

and duration of LV filling pressures and an indicator of chronic LV diastolic dysfunction (3) (35) (41). In this 

project we have also evaluated left atrium volumes and function, by speckle tracking analysis, in a subgroup 

of patients after myocardial infarction. As expected, we found a significant relation between increased 

LA volumes and E’ velocity and E/E’ ratio. This can explain the observed association between increased 

LA volumes and reduced exercise capacity. The LA volume parameter that best correlated with exercise 

performance was the LA volume immediately before atrial contraction, which is more dependent on early LV 

diastolic function and on LA conduit function (130).

LA function also plays an important role in the regulation of global cardiac function, especially of diastolic 

function (42). A recent study showed that LA ejection fraction is an independent predictor of mortality, 

providing prognostic value incremental to that of maximum LA volume (131). In our study we found that 

decreased exercise capacity was associated with LA function, especially with reduced LA conduit function, 

but not with LA contractile function. Finally, we observed that lower peak atrial longitudinal strain (PALS) was 

well correlated with exercise capacity parameters, suggesting that the LA longitudinal strain analysis can also 

be useful to predict reduced exercise capacity after myocardial infarction.

The association between diastolic function and functional capacity has been observed in other studies 

evaluating patients in different stages of the cardiovascular continuum. In selected groups of patients with 

systolic heart failure, E’ velocities and E/E’ ratios were important predictors of functional capacity and 

significantly better than ejection fraction(29, 132, 133). Likewise, in patients with heart failure preserved 

ejection fraction, Edelmann et al demonstrated that E/E’ ratio was strongly related with peak oxygen 

consumption and that the improvement of diastolic function could increase exercise capacity (134). 

Therefore, in this project we also wanted to evaluate if a structured program of exercise training could 
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improve diastolic function in patients after myocardial infarction. This can be clinically relevant because no 

therapy or intervention has proven to significantly improve diastolic function in these patients.  However, 

in our prospective, randomized, controlled study, we did not observe a significant change in diastolic 

function parameters, after an eight-week program combining resistance and endurance exercise training. 

Future research will determine if exercise training programs of longer duration and/or using newer training 

modalities of high intensity aerobic interval training (22) can provide additional benefits to cardiac structure 

and function in these patients. 

Finally, although we have not shown a significant improvement in diastolic function after myocardial 

infarction, exercise can be a new intervention target for the prevention of HFPeF in individuals with 

subclinical diastolic dysfunction (135). A recent large study showed that low fitness was associated with a 

higher prevalence of concentric remodeling and diastolic dysfunction, suggesting that long-term exercise 

can lower heart failure risk by inducing favorable cardiac remodeling and improving diastolic function (136).



Conclusions
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“Now this is not the end. It is not even the beginning of the end. 

But it is, perhaps, the end of the beginning”.

Winston Churchill (1874-1965)

Left ventricular diastolic dysfunction is a frequent condition, with increasing prevalence across the 

cardiovascular continuum. Subclinical diastolic dysfunction is an intermediate step in the progression to 

HFpEF, a disease where no therapy or intervention significantly improved the prognosis. Therefore, the 

management of HFpEF should focus on its prevention, which highlights the importance of identifying - and 

correcting - the determinants of diastolic dysfunction.

Obesity is an important new determinant of diastolic function. Increased adiposity, especially of 

visceral adiposity, is associated with impaired diastolic dysfunction. The mechanisms involved in this 

“obesity cardiomyopathy” are multifactorial, including both direct and indirect effects, which probably 

are sex and age-specific. Among the several pathophysiological pathways involved, an endocrine effect 

through the secretion of adipokines – especially of leptin – seems to play a role, which can represent a new 

therapeutic target. Moreover, a local or paracrine pathway can also be responsible for this association, 

because increased epicardial fat volume was independently related with impaired diastolic function. 

Future research will determine if weight loss can prevent the onset or progression from subclinical diastolic 

dysfunction to heart failure.

Insulin resistance and metabolic syndrome are also associated with subclinical diastolic dysfunction, 

independently of other determinants of diastolic function. More interestingly, changes in diastolic function 

were already present before the onset of diabetes, which reinforces the hypothesis that diastolic dysfunction 

is mainly associated with the state of insulin resistance and not only to sustained hyperglycemia. We are 

now conducting a phase II clinical trial (MET-DIME) to determine if an insulin-sensitizer, such as metformin, 

can improve diastolic function and provide cardioprotection.

Diastolic dysfunction is an important prognostic marker in several phases of the cardiovascular 

continuum. Beyond this prognostic information, diastolic dysfunction is associated with significant 

morbidity, being an important determinant of reduced exercise capacity, especially after myocardial 

infarction. Therefore, the evaluation of diastolic function can provide important clinical and prognostic 

information and should be an integral part of a routine echocardiography examination. Sometimes the 

echocardiographic evaluation of diastolic function can be challenging, but at least the measurement of 

E’ velocities and E/E’ ratio and the determination of the diastolic dysfunction grade, should be routine. 

The new grade IA of diastolic dysfunction was found to be infrequent in the general population and future 

studies will determine if it will be clinically useful. Because left ventricle diastolic function and left atrium 

function and volumes are interdependent events, the analysis of the left atrium by new speckle tracking 
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techniques is a new technique giving further insight into the evaluation of diastolic function.

New therapies and therapeutic interventions are eagerly needed to improve diastolic function. 

Although promising, the implementation of a structured program combining endurance and resistance 

exercise training failed to improve diastolic function in patients after myocardial infarction. Nevertheless, 

it is still conceivable that chronic exposure to exercise, especially when applied in earlier phases of the 

cardiovascular continuum (such as in patients with subclinical diastolic dysfunction) can improve myocardial 

function and modify the progression to HFpEF.

The quest for understanding the determinants, mechanisms, implications and management of LVDD 

across the cardiovascular continuum “is not at the end”, but just at the end of a new beginning.
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