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RESUMO 
 
Objetivos 

Os doentes com artrite reumatoide parecem ter uma maior incidência de insuficiência 

cardíaca, particularmente com disfunção diastólica. 

Avaliámos uma estratégia de rastreio recorrendo a ecocardiografia e biomarcadores, de 

modo a determinar a prevalência de disfunção cardíaca subdiagnosticada (disfunção 

ventricular esquerda diastólica e/ou sistólica) em pacientes com artrite reumatoide, e testar 

uma associação entre alterações ecocardiográficas, biomarcadores e parâmetros clínicos 

(como fatores de risco cardiovascular, duração da doença ou tratamento específico). 

 
Métodos e resultados 

Realizámos um estudo observacional transversal em pacientes com artrite reumatoide, 

sem doença cardíaca diagnosticada, e com observação médica, ecocardiograma e 

biomarcadores obtidos até um intervalo máximo de 4 meses. 

Foram incluídos 171 pacientes, com idade média de 57 ± 13 anos, 81% do sexo feminino. 

Os pacientes foram divididos em 4 categorias: função ventricular normal (n=118), disfunção 

diastólica isolada (n=5), disfunção sistólica (n=6) e função diastólica indeterminada (n=42). 

Os parâmetros ecocardiográficos utilizados para avaliar a função diastólica 

correlacionaram-se significativamente entre si, e todos se associaram com a idade e a 

hipertensão arterial. 

As categorias de função ventricular também se associaram com a duração da doença e a 

positividade para fator reumatoide. Quanto à medicação específica para artrite reumatoide, 

não encontrámos associação aos parâmetros ecocardiográficos. 

O peptídeo natriurético cerebral e a troponina T de alta sensibilidade, enquanto variáveis 

dicotómicas, não parecem ser de grande utilidade na identificação de doentes com 

disfunção ventricular subclínica. 

 
Conclusão 

A prevalência de disfunção ventricular subclínica, sistólica ou diastólica, foi reduzida (6%), 

enquanto que a prevalência de função diastólica indeterminada foi moderada (25%). 

Uma estratégia de rastreio ecocardiográfico para detetar disfunção ventricular subclínica 

em doentes com artrite reumatoide não parece ser custo-eficiente, mas pode ser pertinente 

em idosos com hipertensão arterial. 

 

 
PALAVRAS-CHAVE: artrite reumatoide, ecocardiografia, disfunção sistólica, disfunção 

diastólica, insuficiência cardíaca. 
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ABSTRACT 
 
Aims 

Patients with rheumatoid arthritis (RA) seem to have a higher incidence of heart failure and 

particularly of diastolic dysfunction. 

We evaluated a screening strategy using echocardiography and biomarkers to determine 

the prevalence of underdiagnosed cardiac dysfunction (diastolic and/or systolic left 

ventricular impairment) in RA patients and to test an association between 

echocardiographic findings, biomarkers and clinical parameters, such as cardiovascular risk 

factors, duration of the disease and treatment. 

 
Methods and results 

This is an observational cross-sectional study of RA patients without diagnosed cardiac 

disease, that had a medical observation, echocardiogram and biomarkers obtained within 

a 4-month period. 

We included 171 patients, mean age 57 ± 13 years, 81% females. 

Patients were divided into 4 categories: normal ventricular function (n=118), isolated 

diastolic impairment (n=5), systolic dysfunction (n= 6) and indeterminate diastolic function 

(n=42). 

The echocardiographic parameters used to assess diastolic function all significantly 

correlated with each other, and were all associated with age and hypertension.  

Ventricular function categories were also associated with RA duration and positivity for 

rheumatoid factor, whereas we found no association between RA medication and 

echocardiographic parameters. 

Natriuretic peptides and high-sensitivity troponin T taken as dichotomous variables did not 

seem to be very useful to identify patients with subclinical ventricular dysfunction.  

 
Conclusion 

The prevalence of subclinical systolic or diastolic dysfunction was rare (6%), while 

indeterminate diastolic function was quite frequent (25%). 

An echocardiographic screening strategy to detect subclinical ventricular dysfunction in RA 

patients may not be very cost-effective, however it seems more pertinent in older 

hypertensive patients.  

 
 
KEY-WORDS: rheumatoid arthritis; echocardiography; systolic dysfunction; diastolic 

dysfunction; heart failure. 
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LIST OF ABBREVIATIONS 

 

A 

ACEi  Angiotensin-converting enzyme inhibitors 

Anti-CCP Anti-cyclic citrullinated peptide 

Anti-TNF Anti-tumour necrosis factor 

AoR  Aortic regurgitation 

AoS  Aortic stenosis 

Ar-A  Difference between Ar and A wave duration 

ARB  Angiotensin II receptor blockers 

 

B 

BMI  Body mass index 

BSA  Body size area 

 

C 

CAD  Coronary heart disease 

CRP  C-reactive protein 

CV  Cardiovascular 

CVD  Cardiovascular disease 

 

D 

DAS28  Disease activity score 28 

DD  Diastolic dysfunction 

DMARDs Disease-modifying anti-rheumatic drugs 

 

E 

ESR  Erythrocyte sedimentation rate 

EULAR European league against rheumatism 

 

H 

HF  Heart failure 

HsTnT  High-sensitivity troponin T 

 

I 

IDF  Indeterminate diastolic function 

IHD  Ischaemic heart disease 

IVSD  Interventricular septum diameter 

IQR  Interquartile range 

IVC  Inferior vena cava 

IVRT  Isovolumic relaxation time 

 

L 

LA  Left atrial 

LV  Left ventricle 

LVEDV Left ventricular end-diastolic volume 

LVEF   Left ventricular ejection fraction 

LVESV Left ventricle end-diastolic volume 
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M 

MR  Mitral regurgitation 

MRA  Mineralocorticoid receptor antagonists 

MS  Mitral stenosis 

 

N 

NVF  Normal ventricular function 

NYHA  New York Heart Association 

 

P 

PASP  Pulmonary arterial systolic pressure 

ProBPN Prohormone of brain natriuretic peptide 

 

R 

RA  Rheumatoid arthritis 

RAt  Right atrial 

RF  Rheumatoid factor 

RV  Right ventricle 

 

 

S 

SD  Systolic dysfunction 

 

T 

TAPSE Tricuspid annular plane systolic excursion 

TR  Tricuspid regurgitation 
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INTRODUCTION 

 

Rheumatoid arthritis (RA) is a chronic inflammatory disease, involving autoimmune 

mechanisms, characterized essentially by a symmetric peripheral polyarthritis; however, it 

is a systemic disease and extra-articular involvement can occur in different organs. 

Regarding heart involvement, the pericardium is frequently affected, manifesting as 

pericarditis or pericardial effusion. Coronary artery disease and heart failure (both ischemic 

and non-ischemic) are also more common than in the general population1-3. 

For cardiovascular risk prediction in RA patients, the European League Against 

Rheumatism (EULAR) suggested the application of a 1.5 multiplication factor to algorithms 

conceived for the general population 4,5. 

In fact, patients with RA seem to have a two-fold higher incidence of heart failure (HF) and 

an increased mortality risk 3,6,7. Underlying HF aetiologies include atherosclerotic coronary 

artery disease (CAD), dilated cardiomyopathy, myocarditis and vasculitis8. 

This increased risk of HF has been related to a chronic inflammatory state2, including T-cell 

activation, endothelial dysfunction, hyperhomocysteinemia, a prothrombotic state, pro-

oxidative dyslipidaemia, insulin resistance and to the medication for RA itself, even though 

there are conflicting data regarding anti-inflammatory therapies9,10. Disease-modifying anti-

rheumatic drugs (DMARDs), such as methotrexate and biologics - including anti-tumour 

necrosis factor (anti-TNF) -, should be given according to recommendations for RA 

treatment and appear to decrease cardiovascular risk; however, the effects of anti-TNF 

drugs, such as etanercept and infliximab, have been controversial11,12 and their use has 

been discouraged in New York Heart Association (NYHA) class III-IV heart failure patients 

with reduced ejection fraction. 

Traditional cardiovascular (CV) risk factors are overall identical to the general population, 

but a “risk factor paradox” has been described for obesity, dyslipidaemia and physical 

inactivity, that have been associated with a lower risk of cardiovascular disease (CVD) in 

these patients13-15. 

Heart failure symptoms can be more difficult to identify in this population, since they are 

mostly non-specific and can be silent given the exercise limitations in these patients. 

Therefore, ventricular dysfunction is probably underdiagnosed in RA patients. 

Echocardiography can identify these cases of subclinical ventricular dysfunction, and the 

subsequent therapeutic implications could have an impact in the evolution of the disease 

and in prognosis. While heart failure with reduced ejection fraction is not particularly 

frequent, diastolic impairment and left ventricular hypertrophy seem to be more common in 

RA than in the general population16,17. 
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Surrogate markers such as the prohormone of brain natriuretic peptide (proBNP) have been 

associated with disease activity and prognosis in RA patients18. C-reactive protein (CRP) 

and rheumatoid factor (RF) also seem to be associated with higher risk of HF19,20, whereas 

the value of anti-cyclic citrullinated peptide (anti-CCP) antibodies and troponin is more 

uncertain21,22. 

Our goal was to determine the prevalence of non-diagnosed cardiac dysfunction (diastolic 

and/or systolic left ventricular impairment assessed by 2D transthoracic echocardiography) 

in RA patients and to analyse a potential relationship between echocardiographic findings, 

biomarkers and clinical parameters, such as cardiovascular risk factors, duration of the 

disease or specific treatment. 

 

 

METHODS 

 

This is a cross-sectional study that enrolled patients followed in the outpatient clinic of 

Autoimmune Disorders at Centro Hospitalar do Porto, previously diagnosed with 

rheumatoid arthritis. 

We included patients who had an appointment between September 2016 and October 

2017, with a transthoracic echocardiogram and blood analyses done at our centre, both 

within 4 months of the medical examination. 

Patients with previously known heart disease were excluded, as well as those with an active 

neoplasm or severe comorbidity, with an expected survival of less than 6 months, with 

severe dementia, inability to walk or totally depend in their daily life activities. 

Clinical information was collected using medical electronic records; it included age, gender, 

body mass index (BMI), comorbidities, year of diagnosis of RA, Disease Activity Score 28 

(DAS28) assessment - that measures disease activity by counting the number of tender or 

swollen joints23 - and medication, namely all the medication used for RA and cardiovascular 

medication, such as beta blockers, angiotensin-converting enzyme inhibitors (ACEi) or 

angiotensin II receptor blockers (ARB), mineralocorticoid receptor antagonists (MRA), 

thiazide or loop diuretics and statins. 

Echocardiographic evaluation was performed blindly regarding clinical information or the 

results of any other exams. Philips® iE33 ultrasound machine was used. The evaluated 

parameters included cardiac chambers’ dimensions, left ventricular wall thickness and 

mass, left ventricular ejection fraction (using Simpson’s biplane method), valvular disease, 

pericardial disease and diastolic function as per the 2016 American and European 
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guidelines24. Additionally, we also classified diastolic function according to the previous 

2009 guidelines25, in order to compare the prevalence of diastolic dysfunction using both 

classifications. All the other analyses were performed considering the 2016 guidelines. 

We analysed the following biomarkers: proBNP, high-sensitivity troponin T (hsTnT), C-

reactive protein and erythrocyte sedimentation rate (ESR). We also checked if patients 

tested positive for anti-CCP antibodies and rheumatoid factor. 

This study was approved by the Hospital’s Ethics Committee. 

Statistical analysis was performed using SPSS ® software, version 23, considering p<0.05 

for statistical significance. 

Continuous data were described as mean ± standard deviation or median (IQR - 

interquartile range between the 25th and 75th quartiles) for non-gaussian distributions. 

Shapiro-Wilk test for normality was used. 

Categorical data were presented as absolute frequencies (n) and percentages. 

Patients were divided into 4 categories of ventricular function: normal ventricular function 

(NVF); (isolated) diastolic dysfunction (DD); systolic (± diastolic) dysfunction (SD); 

indeterminate diastolic function (IDF). 

Systolic dysfunction was defined as a left ventricular ejection fraction (LVEF) inferior to 50% 

or as a visually assessed overall impairment in systolic function in patients with very poor 

acoustic window. It was sub-divided into mid-range ejection fraction (LVEF 40-49%) or 

reduced ejection fraction (LVEF <40%), according to the 2016 European Heart Failure 

guidelines26. 

In patients with normal LVEF (>50%), diastolic function was categorized according to 2016 

guidelines24, considering diastolic dysfunction if more than 2 out of 4 parameters (>50% of 

the criteria) were positive and as indeterminate if 2 parameters were present: 1) average 

E/e’ > 14; 2) septal e’ velocity < 7 cm/s or lateral e’ velocity < 10 cm/s; 3) tricuspid 

regurgitation velocity > 2.8 m/s; 4) left atrial volume index > 34 mL/m2. 

To evaluate which patients’ characteristics were independently associated with different 

categories of ventricular function, independent-samples Kruskal-Wallis test was used. 

To test an association between patients’ clinical characteristics and a specific category of 

ventricular function (comparing against normal ventricular function), we used multinomial 

logistic regression. 

We analysed the relationship between different echocardiographic parameters and patients’ 

characteristics using independent-samples t test or Mann-Whitney U test, or linear 

regression for continuous independent covariates. 
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RESULTS 

 

We evaluated 188 patients with rheumatoid arthritis, who had a clinical and 

echocardiographic assessment performed within 4 months. Of those, 17 patients were 

excluded, because they had known heart disease (of any aetiology). 

A total of 171 patients were included, 81% (n=138) females, with a mean age of 57 ± 13 

years. Patients’ characteristics are presented in Table I. 

 

Isolated diastolic impairment was documented in 5 patients, systolic dysfunction in 6 (4 of 

them also with diastolic dysfunction) and 42 patients (25%) had indeterminate diastolic 

function. The majority had normal ventricular function (70%, n=118) – Figure 1. 

If we had applied the 2009 recommendations of the American Society of 

Echocardiography25 to classify diastolic dysfunction (LA volume > 34 mL/m2 and either 

septal e’<8 cm/s or lateral e’<10 cm/s), 40 patients would fulfil criteria (excluding 6 patients 

that also had systolic dysfunction). All the patients with DD by the 2016 criteria also fulfilled 

2009 criteria (Table II), however 32 patients with DD according to 2009 recommendations 

had IDF and 3 had NDF as per the 2016 guidelines. 

Regarding those with systolic dysfunction, 5 patients (3%) had mid-range systolic 

impairment (LVEF between 40 and 50%) and 1 patient (0.6%) had reduced ejection fraction 

(LVEF <40%). 

The average echocardiographic parameters were within normal limits (Table III). 

 

Comparison between categories of ventricular function 

RA duration was significantly different between the 4 ventricular function groups: median of 

5.5 (IQR 4.0) years for normal ventricular function versus 6.0 years for both isolated diastolic 

dysfunction and indeterminate diastolic function groups, and 11.5 (IQR 14.8) years for 

systolic dysfunction. 

Age was also significantly different: mean 53.5 ± 12.9 years in NVF, 59.0 ± 8.2 in DD, 66.2 

± 12.3 in SD and 66.0 ± 7.9 in IDF. 

The proportion of hypertension and RF positivity was also significantly different, (NVF/IDF 

< DD < SD), but we must acknowledge the small sample size of SD and DD groups. 

Age and hypertension were correlated, whereas age and RA duration were not.  
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Other CV risk factors, DAS28 score, body mass index, gender, RA and CV medication were 

not significantly different between the different categories of ventricular function. 

 

Systolic dysfunction and isolated diastolic dysfunction 

Since systolic and isolated diastolic dysfunction were rare, our sample lacked the power to 

compare each of these groups with the reference (normal ventricular function). 

Nevertheless, compared with normal ventricular function, systolic dysfunction was 

associated with higher age, RA duration, proBNP and hsTnT. Diastolic dysfunction was not 

associated with none of the patients’ characteristics (there was a borderline association with 

hypertension). 

 

Indeterminate diastolic function 

We compared patients with indeterminate diastolic function (IDF) with those that had normal 

ventricular function (NVF). Interventricular septal diameter was significantly higher in IDF 

patients median 9.0 mm (IQR 3.0) vs 7.0 mm (IQR 1.3), p<0.001 and that body size area 

(BSA) indexed left ventricular (LV) mass was also higher 73 g/m2 (IQR 26) vs 58 g/m2 (IQR 

21), p<0.001. As expected, other parameters of diastolic function were also higher, such 

as indexed left atrium (LA) volume (p<0.001) and average E/e’ (p<0.001), but LVEF was 

not significantly different. 

ProBNP was significantly higher 90 (IQR 146) vs 50 (IQR 85) pg/mL; p=0.025 as well as 

hsTnT (p<0.001), compared to NVF, but the median values were below the pathological 

cut-off values in both groups. 

Patients with IDF were older (66 ± 8 vs 53 ± 13 years old, p<0.001) and they were more 

frequently taking ACEi/ARB (43% vs 22%, p=0.011) and diuretics (19% vs 8%, p=0.046) 

than NVF patients. 

No differences in the use of statins or beta blockers were found between IDF and NVF 

patients. Gender, cardiovascular risk factors, RA duration, BMI, DAS28 score, CRP, ESR, 

anti-CCP or RF positivity were not significantly different either. 

 

Association between patients’ characteristics and echocardiographic parameters 

We tested an association between several characteristics of our patients (described in 

Table I) and echocardiographic parameters that can represent structural or functional 

changes related to heart failure and that are frequently used to describe ventricular function. 
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- Interventricular septum diameter (IVSD) 

We found a linear relationship between IVSD and age. There was also an association with 

male gender, smoking, dyslipidaemia, hypertension, obesity, ACEi/ARB and diuretics; it 

was borderline for statins (p=0.054). There was also a linear relationship between IVSD and 

RA duration, but it lost significance when adjusted for hypertension. The DAS28 score was 

not significantly related with this parameter. 

- LV mass (BSA-indexed) 

In our sample, LV mass was associated with age, smoking, hypertension and ACEi/ARB; it 

was not associated with other CV risk factors or medication, RA duration, DAS28, RA 

medication or BMI. 

- Average E/e’ ratio 

There was a significant association between average E/e’ ratio and age, hypertension and 

dyslipidaemia. No relationship was found with gender, RA duration, diabetes, obesity or 

renal failure. There was a borderline linear association with DAS28 score (p=0.052). 

There was also an association with the use of ACEi/ARB (p=0.008) and statins (p=0.03), 

while no relation was found with other medication. 

- Lateral e’ 

It was associated with age (linear association), diabetes, hypertension, dyslipidaemia, 

ACEi/ARB, diuretics, statins. 

Lateral e’ was not associated with gender, RA medication, beta blockers, RA duration or 

BMI. 

- LA volume (BSA-indexed) 

There was a significant relationship with age, hypertension and ACEi/ARB. No correlation 

with other cardiovascular medication, RA medication, gender, BMI, RA duration or DAS28 

score was found. 

- Tricuspid regurgitation (TR) velocity 

There was a significant association between TR velocity and age, hypertension, 

dyslipidaemia, obesity/ BMI, ACEi/ARB and diuretics; it was borderline for statins (p=0.051); 

not significant regarding other CV risk factors, gender, RA medication, beta blockers, RA 

duration, DAS28, anti-CCP and RF positivity. 

TR velocity was >2.8 m/s in just 3 cases. 
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- E/A ratio 

It was associated with age, statins, ACEi/ARB, hypertension, dyslipidaemia, RF and 

steroids; it was borderline for diuretics (p=0.052); it was not associated with RA duration, 

gender, other comorbidities and medication, anti-CCP, BMI or DAS28. 

- LVEF 

We found an association between LVEF and diabetes (p=0.021), smoking (p=0.004) and 

gender (p=0.019). 

There was no association with CV or RA medication, age, RA duration or DAS28. 

 

There was a linear and statistically significant association between all the parameters that 

are commonly used to assess heart failure with preserved ejection fraction (IVSD, LV mass, 

LA volume, lateral e’, average E/e’, TR velocity, E/A ratio), with solely one exception 

between E/A ratio and indexed LA volume. 

LVEF was not associated with these parameters. 

 

Biomarkers 

- ProBNP 

There was a significant association between proBNP levels and indexed LA volume, IVSD, 

indexed LV mass, TR velocity and LVEF; not significant with lateral e’ or E/A and borderline 

for average E/e’ (p=0.057). ProBNP levels were associated with ventricular function 

categories and with age, but not with other comorbidities, RA duration or medication, 

DAS28, gender or BMI. 

ProBNP levels were above cut-off value (334 pg/mL in our laboratory) in 10 cases (2 of 

them with renal failure); 5 of these patients had normal ventricular function as per the 

echocardiographic assessment, 2 had systolic dysfunction and 3 had indeterminate 

diastolic function. 

- High sensitivity troponin T 

High sensitivity troponin T was related with IVSD, indexed LV mass, indexed LA volume, 

TR velocity, E/A, average E/e’ and lateral e’, but not with LVEF. It was significantly different 

amongst ventricular function categories. The plasmatic levels of hsThT were also 

associated with gender, age, diabetes, hypertension, renal failure, steroids, diuretics and 

ACEi/ARB, but not with RA duration, DAS28, BMI, smoking, dyslipidaemia or other drugs. 

Troponin levels were above cut-off values for acute coronary syndrome in just 1 patient. 
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- C reactive protein 

CRP was related to indexed LV mass, indexed LA volume and LVEF, but not with IVSD, 

TR velocity, E/A, average E/e’ and lateral e’. It was also associated with steroids, gender, 

obesity and hypertension, but not with age, RA duration, DAS28, other comorbidities and 

medication. CRP was above cut-off levels in 59 patients. 

- Erythrocyte sedimentation rate 

ESR was significantly associated with IVSD, indexed LV mass, lateral e’, indexed LA 

volume and TR velocity; borderline with average E/e’ (p=0.051); was not associated with 

E/A or LVEF. ESR was correlated with smoking, obesity, ACE2/ARB, diuretics and 

methotrexate, but not with gender, age, RA duration, DAS28, other comorbidities or 

medication. ESR levels were above the cut-off in 91 patients. 

 

All the biomarkers (proBNP, hsTnT, CRP, ESR) were associated with indexed LV mass and 

LA volume. 

 

 

DISCUSSION 

 

In our sample of rheumatoid arthritis patients without known cardiac disease, the prevalence 

of subclinical systolic or diastolic dysfunction was rare (6%). 

While systolic dysfunction was not very different from other studies, the prevalence of 

diastolic impairment was significantly lower than what has been reported in most studies, 

that is above 30% and even reaching 50%, versus 25-30% in the general population16,27. 

However, they used a different definition and in most cases one parameter of diastolic 

dysfunction was sufficient.  

Moreover, in our study a quarter of the patients (n=42) had indeterminate diastolic function 

according to the 2016 ASE/EACVI guidelines24. If we had followed the 2009 classification, 

23% of our sample would have criteria for diastolic dysfunction. This reflects the challenge 

of diastolic dysfunction diagnosis, particularly when the symptoms are dubious.  

The echocardiographic parameters most frequently used to assess diastolic function (IVSD, 

BSA indexed LV mass, average E/e’, lateral e’, E/A ratio, BSA-indexed LA volume and TR 

velocity) all significantly correlated with each other. Even though this can show their strength 

as a whole, it can also raise the issue of redundancy or multicollinearity. 

These same echocardiographic parameters were all significantly associated with age, 

hypertension and the use of ACEi/ARB (factors that are related between them). 
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LVEF, the parameter most commonly used to quantify systolic function, was not related with 

most diastolic parameters and was associated with gender, smoking and diabetes. 

Age and RA duration were distributed differently across ventricular function categories and 

probably influence ventricular remodelling. 

Overall, RA medication and positivity for anti-CCP were not associated with ventricular 

function. 

In what concerns biomarkers, proBNP and hsTnT significantly correlated with ventricular 

function categories, as expected. In fact, natriuretic peptides are used to support the 

diagnosis of heart failure with preserved ejection fraction. However, taken as dichotomous 

variables, proBNP and hsTnT failed to correlate with ventricular function categories. 

Therefore, in clinical practice in this context of screening, they may not provide the needed 

guidance, particularly in patients with diastolic dysfunction, if we consider echocardiography 

as the gold standard. 

Inflammatory biomarkers (CRP and ESR) were elevated in a large proportion of our patients 

and were also associated with some ventricular function parameters, suggesting that 

inflammatory pathways may play a role in the development of cardiovascular disease in 

these patients. The fact that RA duration is also associated with ventricular changes, 

particularly systolic impairment, also suggests that there may be some factors related to RA 

that contribute to cardiac dysfunction, but there may be confounding factors. 

With these results, we do not have data to support a generalized echocardiographic 

screening strategy to detect subclinical ventricular dysfunction (diastolic and/or systolic), 

but it can be pertinent particularly in elderly and hypertensive RA patients with long-standing 

disease. 

Our study has several limitations. Given its cross-sectional and observational nature, we 

cannot infer causality but only associations. Considering the low incidence of systolic and 

diastolic dysfunction and our sample size, multivariate analysis to assess independent 

predictors of ventricular dysfunction could not be performed properly. Also, we did not have 

a control group, so we cannot determine if the changes we found were different from 

individuals from the general population that matched other characteristics except for RA. 

An association between ventricular function and age, hypertension or ACEi/ARB could also 

be expected in the general population. 

We also did not evaluate other echocardiographic parameters such as strain, that can 

detect early ventricular dysfunction. Global longitudinal strain, particularly, is a sensitive 

measure of systolic function, and we intend to evaluate this parameter in a future study in 
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RA patients. We also want to continue the follow-up of these patients, particularly those with 

indeterminate diastolic function, to ascertain what is their evolution and prognosis. 
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FIGURE LEGENDS 

 

 

Figure 1 – Patients’ distribution according to ventricular function categories, 
according to 2016 criteria of diastolic function. 

 

The number of patients in each category is represented. 
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TABLES 

 

Table I – Patients’ characteristics according to their ventricular function. 

 

  
Total 

(n= 171) 

Normal 
ventricular 

function 

(n=118) 

Systolic (± 
diastolic) 

dysfunction 

(n=6) 

Isolated 
diastolic 

dysfunction 

(n= 5) 

Indeterminate 
diastolic 
function 

(n= 42) 

Age, years 57 ± 13 53 ± 2 66 ± 5 * 59 ± 4 66 ± 1 * 

Gender (male), n 
(%) 

33 (19%) 21 (18%) 2 (33%) 0 10 (24%) 

Diabetes mellitus, 
n(%) 

19 (11%) 13 (11%) 0 0 6 (14%) 

Hypertension, 
n(%) 

62 (36%) 36 (31%) 4 (67%) 4 (80%) 18 (43%) 

Smoking#, n(%) 21 (12%) 16 (14%) 0 2 (40%) 3 (7%) 

Dyslipidemia, 
n(%) 

58 (34%) 35 (30%) 1 (17%) 3 (60%) 19 (45%) 

Obesity, n(%) 40 (23%) 26 (22%) 1 (17%) 1 (20%) 12 (29%) 

BMI, kg/m2 27 ± 5 26 ± 0.5 27 ± 1 27 ± 3 27 ± 1 

Renal failure, n(%) 4 (2%) 1 (1%) 1 (17%) 0 2 (5%) 

Family history of 
IHD, n(%) 

1 (0.6%) 1 (1%) 0 0 0 

Atrial fibrillation, 
n(%) 

3 (1.8%) 2 (2%) 1 (17%) 0 0 

Cardiovascular 
medication, n(%) 

   
 

 

     ACEi or ARB 47 (28%) 26 (22%) 2 (33%) 1 (20%) 18 (43%) * 

     Beta blocker 16 (9%) 8 (7%) 2 (33%) 1 (20%) 5 (12%) 

     Diuretic 20 (12%) 9 (8%) 2 (33%) 1 (20%) 8 19%) * 

     MRA 0 0 0 0 0 

     Statin 53 (31%) 31 (26%) 3 (50%) 2 (40%) 1740%) 

RA duration, years 6 (4) 6 (4) 8 (1) * 10 (18) 6 (6) 

DAS28 2.4 

(2.7) 

2 (3) 1 (2) 2 (2) 3 (2) 

RA medication§, 
n(%) 

   
 

 

     Methotrexate 116 (68%) 81 (69%) 2 (33%) 4 (80%) 29 (69%) 

     Steroids 75 (44%) 49 (42%) 6 (100%) 3 (60%) 17 (40%) 

     Hydroxy- 

     chloroquine 

44 (26%) 30 (25%) 1 (17%) 2 (40%) 11 (26%) 

     Sulfasalazine 16 (9%) 12 (10%) 0 0 4 (10%) 

     Leflunomide 15 (9%) 11 (9%) 0 0 4 (10%) 

     Biologics 29 (17%) 24 (20%) 1 (17%) 0 4 (10%) 

Etanercept 10 (6%) 9 (8%) 0 0 1 (2%) 

Tocilizumab 6 (4%) 5 (4%) 0 0 1 (2%) 

Adalimumab 3 (2%) 2 (2%) 0 0 1 (2%) 

Rituximab 3 (2%) 3 (3%) 0 0 0 
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Golimumab 3 (2%) 2 (2%) 0 0 1 (2%) 

Infliximab 2 (1%) 1 (1%) 1 (17%) 0 0 

         Others  2 (1%) 2 (2%) 0 0 0 

Biomarkers      

     proBNP,  

     pg/mL 

58 

(102) 

50 (85) 187 (685) * 35 (46) 90 (146) * 

     hs-troponin T,  

     ng/mL 

0.004 

(0.006) 

0 (0.006) 0.01 (0.005)* 0 (0.005) 0.006 (0.005) * 

     ESR, mm 20 (23) 19 (23) 14 (56) 19 (60) 22 (27) 

     CRP, mg/dl 3 (6) 3 (7) 2 (28) 3 (8) 4 (5) 

Anti-CCP +, n(%) 101 (59%) 73 (62%) 4 (67%) 3 (60%) 21 (50%) 

RF +, n(%) 113 (66%) 82 (69%) 2 (33%) 5 (100%) 24 (57%) 

 

Legend: ACEi – angiotensin-converting enzyme inhibitor. Anti-CCP + – positive for anti-cyclic 
citrullinated peptide antibodies. ARB – angiotensin receptor blocker. BMI – body mass index. CRP – 
C-reactive protein. DAS28 – Disease Activity Score 28; ESR – erythrocyte sedimentation rate. IHD 
– ischaemic heart disease. MRA – mineralocorticoid receptor antagonist. RA – rheumatoid arthritis. 
RF + – positive for rheumatoid factor. 

 

Continuous variables are represented as mean ± standard deviation or as median (75-25 interquartile 
range), according to their gaussian or non-gaussian distribution, respectively. 

 

* The comparison between the subgroup and the reference (normal ventricular function) had p<0.05.  
#Current or previous smoking habits were considered. 
§ More than one medication per patient was allowed. 
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Table II – Distribution of the sample’s ventricular function according to 2016 
classification versus 2009 criteria 

 

 

    

  
2009 criteria 

 

    Total 

Normal 
ventricular 
function 

Systolic 
dysfunction 
(± diastolic) 

Diastolic 
dysfunction 
(isolated) 

2016 
criteria 

Normal 
ventricular 

function 
118 115 0 3 

Systolic 
dysfunction 
(± diastolic) 

6 0 6 0 

Diastolic 
dysfunction 
(isolated) 

5 0 0 5 

Indeterminate 
diastolic 
function 

42 10 0 32 
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Table III – Echocardiographic parameters 

 

 

  Total (n= 171) 

Interventricular septum diameter, mm 8.0 (7.0;10.0) 

LV posterior wall diameter, mm 7.9 ± 1.6 

LV telediastolic diameter, mm 44.8 ± 5.1 

LV telesystolic diameter, mm 28.8 ± 5.2 

RV dilatation, n(%) 2 (1%) 

RV free wall diameter, mm 3.0 (2.5;3.9) 

Mitral E wave velocity, cm/s 74 ± 18 

E/A  0.9 (0.8;1.2) 

E/A with Valsalva 0.8 (0.7;1.1) 

E wave deceleration time, ms 136 ± 38 

Mitral A wave duration, ms 120 (119;136) 

Pulmonary Ar duration, ms 110 (100;110) 

Ar-A duration, ms -10 (-30;10) 

IVRT, ms 89 ± 21 

IVRT/TE-e' 5.0 (2.8;9.0) 

LV mass (2D, BSA-indexed), g/m2  61 (51;77) 

LVEF (biplane), % 62 (56;66) 

LVEDV (biplane, BSA-indexed), ml/m2 48 ± 12 

LVESV (biplane, BSA-indexed), ml/m2 19 ± 7 

Stroke volume (BSA-indexed), ml/m2 37 (32;44) 

Cardiac output, L/min 4.7 (4.0;5.7) 

RAt area, cm2 14 (12;16) 

LA area, cm2 19 (16;22) 

LA volume (biplane, BSA-indexed), ml/m2 31 (25;38) 

Septal E', cm/s 7.1 (6.0;9.2) 

Septal S', cm/s 8.1 (7.2;9.2) 

Lateral E', cm/s 10.0 (7.8;12.7) 

Lateral S', cm/s 9.2 (7.9;11.0) 

E/E' (average) 8.7 (7.0;10.4) 

RV S' (tricuspid), cm/s 14.0 ± 2.8 

TAPSE, mm 24 (21;26) 

TR peak velocity, m/s 2.3 (2.1; 2.4) 

PASP, mmHg 23.6 ± 5.6 

MR, n(%) 4 (2%) 

MS, n(%) 0 

AoR, n(%) 2 (1%) 

AoS, n(%) 4 (2%) 

IVC diameter, mm 16 ± 3 
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IVC decreased respiratory variability, n(%) 2 (1%) 

Pericardial effusion, n(%) 1 (0.6%) 

 

Legend: AoR – aortic regurgitation (more than mild). AoS – aortic stenosis (more than mild). Ar-A – 
difference between Ar and A wave duration. IVC – inferior vena cava. IVRT – isovolumic relaxation 
time. LV – left ventricle. LA – left atrial. LVEDV – left ventricular end-diastolic volume. LVEF – left 
ventricular ejection fraction (2D Simpson’s biplane method). LVESV – left ventricle end-diastolic 
volume. MR – mitral regurgitation (more than mild). MS – mitral stenosis (more than mild). PASP – 
pulmonary arterial systolic pressure. RAt – right atrial. RV – right ventricle. TAPSE – tricuspid annular 
plane systolic excursion. TR – tricuspid regurgitation. 

 

Continuous variables are represented as mean ± standard deviation or as median (25; 75 
interquartile range), according to their gaussian or non-gaussian distribution, respectively. 
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FIGURES 
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