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ORIGINAL ARTICLE

The importance of speckle tracking echocardiography in the 
evaluation of cardiac functions in patients with rheumatoid arthritis

Müşerref Ebik1, Nurettin Taştekin1, Muhammet Gürdoğan2, Mustafa Ebik2,  Murat Birtane1,
Hakan Emmungil3, Barış Yılmazer3, Necdet Süt4

Rheumatoid arthritis (RA) is a chronic, 
autoimmune, inflammatory, progressive and 
systemic disease that includes joint arthritis1 It is 
known that the incidence of many cardiovascular 
diseases, most frequently atherosclerosis and 
heart failure, are increased in RA patients causing 
significant mortality and morbidity.2,3

Primary left ventricular (LV) systolic dysfunction 
is more common in patients with RA compared to 
the general population. It is an early, silent cardiac 
event that occurs before the clinical signs of RA 
appears and is an important cause of heart failure 
with preserved ejection fraction (EF).4

In general, EF is measured with conventional 
two-dimensional (2D) echocardiography 
parameters such as M-mode and Simpson's 
method, and LV wall movements are evaluated. 
However, these parameters have important 
limitations. Therefore, strain echocardiography 
analysis is performed with the 2D point 
tracking (“speckle tracking”) method which 
is not affected by the increase in the angle 
between the ultrasound wave and myocardial 
movement and has been used in the evaluation 
of the systolic functions of the ventricles in 
recent years.

ABSTRACT

Objectives: In this study, we aimed to analyze the layer-specific strain values obtained by speckle 
tracking echocardiography (STE) method in the determination of subclinical cardiac dysfunction in 
rheumatoid arthritis (RA) patients.
Patients and methods: Between February 2019 and October 2019, a total of 63 female RA 
patients (mean age: 51.82±6.07 years; range, 40 and 65 years) who had a confirmed diagnosis 
were included. Thirty-one age-matched female healthy individuals (mean age: 50.71±5.37 years; 
range, 40 and 65 years) were selected as the control group. The patients were divided into three 
groups according to the duration of disease as <5 years, 5-10 years and >10 years. The Disease 
Activity Score in 28 joint - C-reactive protein (CRP) was used to determine disease activation. The 
standard assessment included complete serum CRP, anti-cyclic citrullinated peptide, rheumatoid 
factor, N-terminal pro B-type natriuretic peptide (NT-proBNP), and homocysteine. Global 
longitudinal strain (GLS) analysis was performed with STE.
Results: The NT-proBNP values were found to be higher in RA patients compared to the control 
group (p=0.044). In terms of conventional echocardiographic parameters, a significant difference 
between E/A and E/E’ ratios was observed (p<0.001 and p=0.015). Endocardium, transmural, and 
epicardium GLS values obtained by STE were found to be lower in RA patients (p<0.05). The left 
ventricular (LV) GLS values worsened, as the duration of disease increased (p<0.05). There was a 
significant correlation between RA disease activity and LV GLS values, showing that increasing 
levels of disease activity was associated with worse LV GLS (r=0.583, p<0.01 and r=0.681, p<0.01 and 
r=0.689, p<0.01 for endocardium, transmural and epicardium, respectively).
Conclusion: Our study results suggest that the layer-specific GLS values obtained by STE decrease 
in RA patients. 
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In the present study, we aimed to analyze 
the layer-specific (endocardial, transmural and 
epicardial) strain values obtained by speckle 
tracking echocardiography (STE) to determine 
subclinical cardiac dysfunction in RA patients and 
to investigate the possible correlation between 
Disease Activity Score in 28 joints (DAS28), 
disease duration, and anti-cyclic citrullinated 
peptide (anti-CCP) titers with strain values.

PATIENTS AND METHODS

This single-center, cross-sectional study was 
conducted at Departments of Physical Medicine 
and Rehabilitation and Internal Diseases 
Rheumatology Department of Trakya University 
Faculty of Medicine between February 2019 
and October 2019.5 A total of 63 female 
RA patients (mean age: 51,82±6,07 years; 
range, 40 and 65 years) who had a confirmed 
diagnosis according to the 2010 American 
College of Rheumatology (ACR)/European 
Alliance of Associations for Rheumatology 
(EULAR) criteria were included. The patients 
were grouped according to their disease duration 
as <5 years, 5-10 years, and >10 years. Male 
patients and those having diabetes mellitus, 
hypertension, atrial fibrillation, coronary artery 
disease, ischemic cerebrovascular disease, 
structural-congenital heart disease, heart valve 
disease, and history of smoking were excluded 
from the study. Thirty-one age-matched female 
healthy individuals (mean age: 50.71±5.37 
years; range, 40 and 65 years) were selected as 
the control group.

The Short Form-36 (SF-36) scale was 
administered to both groups to evaluate the 
quality of life. The DAS28, which is based on 
the evaluation of 28 joints calculated by tender 
and swollen joint count, C-reactive protein (CRP) 
value, and the patient global assessment of 
disease activity on the Visual Analog Scale (VAS) 
was used to determine RA inflammatory activity.6 
The scores lower than 3.2 were considered as low 
disease activity, between 3.2 and 5.1 as moderate 
disease activity, and higher than 5.1 as high 
disease activity.

Laboratory tests

Blood samples were taken from all participants 
after overnight fasting. The CRP, anti-CCP, 

rheumatoid factor (RF), N-terminal pro B-type 
natriuretic peptide (NT-proBNP), high-density 
lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), total cholesterol 
(TC), triglyceride (TG), and homocysteine levels 
were measured. Anti-CCP levels were measured 
in U/mL by spectrophotometric measurement 
via the Beckman Coulter AU5800 device 
(Beckman Coulter, Inc., CA, USA). The RF 
levels were measured in IU/mL by nephelometric 
method via the Siemens BN2 device (Siemens 
Healthcare GmbH, Forchheim, Germany). 
The NT-proBNP levels were measured in 
pg/mL by nephelometric method via the VIDAS® 
3 bioMérieux device (bioMerieux Inc., Durham, 
USA) and homocysteine levels were measured 
in µmoL/mL by immunoassay method via the 
Siemens IMMULITE 2000 device (Siemens 
Healthcare GmbH, Forchheim, Germany).

Echocardiography

Echocardiographic images of all groups 
were acquired using the Vivid S70 system 
(GE Healthcare, Horton, Norway) and 
transferred to the EchoPAC workstation. The 
M-mode, 2D, pulsed-wave (PW) Doppler, 
continuous wave (CW) Doppler, and color 
Doppler measurements were made according 
to the American Society of Echocardiography 
(ASE) and European Association of 
Cardiovascular Imaging (EACVI) guidelines.7 
All standard measurements were obtained 
from the parasternal long and short axes, with 
apical two- and four-chamber views. The EF 
was calculated by using the modified biplane 
Simpson's rule. The LV diastolic and systolic 
dimensions, ventricular septum and posterior 
wall thickness, and left atrial dimension were 
obtained from parasternal long-axis images 
using M-mode. The mitral inflow velocities 
were recorded from the apical four-chamber 
view by PW Doppler with the sample volume 
placed at the level of the mitral valve tips. 
Early (E) and late (A) peak mitral and tricuspid 
inflow velocities, isovolumetric relaxation time 
(IVRT), deceleration time (DT) were obtained 
and the E/A ratio was calculated. An E/A 
ratio of ≥1.0 was defined as normal and <1.0 
was equivalent for diastolic dysfunction. Mitral 
annular velocities were measured by Doppler 
tissue imaging using the PW mode. Early 
diastolic mitral annular (E´), late diastolic (A´), 
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systolic velocities (S´) and E/E´ ratio of the 
mitral annulus were measured from the apical 
four-chamber view.

It is a relatively new advanced 
echocardiographic examination method that 
allows evaluating the strains of the endocardial, 
transmural and epicardial layers using the 2D 
STE method.8 Layer-specific strain values 
obtained with STE enable the detection of 
LV systolic functions in the subclinical period 
compared to traditional 2D echocardiographic 
methods.8,9 The 2D STE analysis was 
performed by an experienced cardiologist, 
blind to the patient data, according to the 
guidelines from the recorded 2D gray-scale 
images.8 The EchoPAC software was recorded 
without clinical knowledge of the patients as 
a cine-loop and studied from the apical view 
(apical two-chamber, four-chamber, and apical 
long-axis views) from three-beat recordings at 
50 to 80 frames/sec. A 17-segment bull 's eye 
view was created after processing all three 
apical images. From this view, the endocardial, 
epicardial, and mid-myocardial (transmural) 
longitudinal strain values of the LV were 
calculated automatically by the EchoPAC 
software.9

Statistical analysis

Statistical analysis was performed using 
the IBM SPSS version 20.0 software 
(IBM Corp., Armonk, NY, USA). Descriptive 
data were presented in mean ± standard 
deviation (SD), median (min-max) or number and 

frequency, where applicable. The conformity of 
the quantitative data to the normal distribution 
was examined using the Shapiro-Wilk test. 
One-way analysis of variance (ANOVA) or 
Kruskal-Wallis tests were used to compare the 
quantitative values among the four groups. The 
Mann-Whitney U test was used to compare 
the values of both patients and controls. 
The chi-square test was used to compare 
categorical data. The Pearson or Spearman 
correlation analysis was used in the analysis 
of the relations between the variables, taking 
into account the distribution characteristics of 
the data. A p value of <0.05 was considered 
statistically significant.

RESULTS

There were 63 RA patients with unknown 
cardiac conditions in this study. Those with a 
disease duration of <5 years were considered as 
the first group, between 5-10 years as the second 
group, and >10 years as the third group. No 
significant difference was observed among the 
three groups of RA patients and the control group 
in terms of mean age and body mass index (BMI) 
(50.90±6.73 vs. 50.57±4.43 vs. 54.00±6.49 vs. 
50.71±5.37, p>0.05) (Table 1).

Cardiovascular disease risk factors, such as 
blood pressure, levels of TC, HDL-C, LDL-C, 
and TG were comparable between RA patients 
and controls. There was no significant difference 
between the groups in terms of treatment 

Table 1. Baseline demographic and clinical characteristics of the studied groups

First group
<5 year RA

Second group
5-10 year RA

Third group
>10 year RA

Control group

Mean±SD Mean±SD Mean±SD Mean±SD p

Age (year) 50.90±6.73 50.57±4.43 54.00±6.49 50.71±5.37 0.161

Body mass index (kg/m2) 28.81±5.18 29.04±4.33 27.84±4.87 26.46±3.85 0.155

Systolic blood pressure (mmHg) 111.19±13.41 107.14±11.90 11.90±16.32 108.71±12.04 0.732

Diastolic blood pressure (mmHg) 74.52±7.31 72.62±9.44 76.19±11.61 71.29±6.70 0.324

Total serum cholesterol (mg/dL) 204.43±38.74 208.71±34.12 205.81±39.53 223.13±37.90 0.240

HDL-C  (mg/dL) 53.76±10.50 52.43±9.43 54.66±10.50 54.48±11.91 0.898

NT-proBNP (pg/mL) 88.14±67.61 93.28±61.54 130.67±101.28 68.97±58.28 0.164

Homocysteine (µmol/mL) 10.85±4.26 10.30±3.65 10.86±4.67 9.45±3.00 0.694

RA: Rheumatoid arthritis; SD: Standard deviation; HDL-C: High-density lipoprotein cholesterol; NT-proBNP: N-terminal pro B-type natriuretic peptide.
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regimens (p>0.05). None of the patients had 
high disease activity (Table 1).

The LV global longitudinal strain (GLS) values 
worsened, as the duration of disease increased 
(p<0.05). There was a significant correlation 
between RA disease activity and LV GLS values, 
showing that increasing levels of disease activity 
was associated with worse LV GLS (r=0.583, 
p<0.01 and r=0.681, p<0.01 and r=0.689, p<0.01 

for endocardium, transmural and epicardium, 
respectively) (Table 2).

The NT-proBNP values of RA patients were 
found to be higher than the control group 
(104.03±79.81 pg/mL vs. 68.97±58 pg/mL, 
p=0.044) and homocysteine levels were found 
to be similar (p>0.05). The NT-proBNP levels 
were positively correlated with disease activity, 
but this correlation was not statistically significant 
(p>0.05). The NT-proBNP levels were found to be 
88.14±67.61 pg/mL, 93.28±61.54 pg/mL, and 
130.67±101.28 pg/mL in first, second, and third 
groups of RA patients, respectively (Table 3).

The LV GLS was significantly correlated with 
anti-CCP and RF titers with higher values were 
associated with worse LV GLS (r=0.467, p<0.01 
and r=0.509, p<0.01 and r=0.551, p<0.01 
are given for the endocardium, transmural 
and epicardium, respectively). In terms of the 
characteristics and markers, no significant 
correlation was found between LV GLS and 
the NTproBNP levels (r=0.070, p=0.585 and 
r=0.149, p=0.284 and r=0.078, p=0.546 
for endocardium, transmural and epicardium, 
respectively) (Table 3).

Considering conventional echocardiographic 
parameters, EF of RA patients and control group 
was found to be similar (p>0.05). As related 
to diastolic dysfunction, RA patients showed 
lower E/A and higher E/E´ ratio (0.95±0.21 vs. 
1.14±0.20, p<0.001, 7.62±1.73 vs. 6.76±1.64, 

Table 3. The LV echocardiographic characteristics of 
the studied groups

RA patients 
(n=63)

Healthy 
controls (n=31)

Mean±SD Mean±SD p

Left atrium (mm) 33.35±3.69 31.90±2.79 0.061

LV mass index (g/m2) 83.33±18.03 75.84±18.46 0.024

IVRT (m/sec) 74.56±5.77 71.52±6.02 0.024

EF (%) 62.19±4.73 62.00±5.03 0.977

Mitral E (cm/sec) 0.78±0.17 0.80±0.14 0.405

Mitral A (cm/sec) 0.82±0.15 0.72±0.12 0.001

Mitral E/A (cm/sec) 0.95±0.21 1.14±0.20 <0.001

Mitral E` (cm/sec) 0.11±0.03 0.12±0.02 0.065

Mitral A` (cm/sec) 0.11±0.02 0.10±0.02 0.011

Mitral E/E` (cm/sec) 7.62±1.73 6.76±1.64 0.015

LV: Left ventricular; RA: Rheumatoid arthritis; SD: Standard deviation; IVRT: 
Isovolumic relaxation time; EF: Ejection fraction; E: Peak flow velocity during 
the early rapid filling phase; A: Peak flow velocity during atrial contraction; 
E/ E’: The ratio of early flow velocity to the early annular velocity.

Table 2. Comparison of layer-specific 2D GLS values of patient and control groups

First group
<5 year

Second group
5-10 year

Third group
>10 year

Control group

Mean±SD Mean±SD Mean±SD Mean±SD p

GLS endocardium –23.98±1.84 –23.29±1.59 –21.71±1.93 –24.95±0.73

+0.000
b0.000
ᶮ0.001

GLS transmural –21.78±1.71 –21.20±1.66 –19.85±1.50 –22.98±1.17

+0.001
d0.020
†0.017
ᶮ0.001
b0.000

GLS epicardium –20.05±2.02 –19.23±1.77 –17.98±1.38 -20.83±0.70

d0.023
b0.000
+0.000
ᶮ0.001

SD: Standard deviation; GLS: Global longitudinal strain; x: First-second; &: Second-third; †: Third-control; +: First-third; †: First-control; ɲ : Second-
control.
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p=0.015). The E/A ratio decreased as the 
disease duration increased (p<0.05). The IVRT 
was prolonged in RA patients compared to 
the controls (74.56±5.77 vs. 71.52±6.02, 
p=0.024). When the groups were compared in 
terms of endocardial, transmural and epicardial 
GLS values obtained by STE, endocardium, 
transmural and epicardial GLS values were found 
to be lower in RA patients (p<0.05) (Table 4).

Echocardiographic dysfunction parameters 
showed high correlation with physical health 
and pain related SF-36 subscale scores 
(SF-36-PF, SF-36-RP, and SF-36-BP).

DISCUSSION

The main finding of this study is that GLS 
measured by LV STE decreased, as the disease 
duration increased in RA patients with normal EF 
compared to the normal population. In addition, 
a positive correlation was observed between the 
degree of GLS reduction of the LV and DAS28 
score, anti-CCP and RF titers.

Chronic immunity activation and inflammatory 
mechanisms triggered by the overactivity of 
cytokines play a role in the progression of 
cardiomyocyte apoptosis, myocardial fibrosis, 
ventricular dysfunction and consequently heart 
failure. In a recent study, abnormal E/A ratio 
was observed in older RA patients with longer 
disease duration and high inflammatory and 
immunological parameters.2,10

In another study in 78 patients with RA, 
the importance of the decrease in GLS values 
was emphasized and this was correlated with 
DAS28-CRP, in line with the findings of this study, 
although there was no significant decrease in 
patients' EF values (–18.9±3.1% vs. –20.6±3.5%, 
p<0.01).11

In the study conducted by Biskup et al.2 
examining the cardiac functions of 70 RA 
patients with low disease activity, it was shown 
that patients with abnormal E/A ratio had higher 
inflammatory and immunological parameters 
along with longer disease duration and age.

In a study examining LV diastolic functions in 
RA patients, patients had decreased mitral E/A 
ratio and prolonged IVRT values. In this study, 
DAS28 disease activity index was found to be 
the only independent predictor of LV diastolic 
dysfunction, and the severity of disease activity 
was an important factor for heart failure. 
When LV diastolic function parameters were 
assessed with conventional and tissue Doppler 
echocardiography, mitral E/E' ratio was higher 
in RA patients compared to the control group 
and the mitral E/A ratio was lower in RA 
patients. This finding indicates that LV diastolic 
filling pressure increases and diastolic functions 
are altered in RA patients. Similarly, it has been 
reported in previous studies that the presence 
of RA is a predisposing factor for diastolic 
dysfunction. In the aforementioned study, it was 
further revealed that not only the presence of 
RA, but also the degree of diastolic dysfunction 

Table 4. Correlation between clinical variables and parameters of left ventricular functions

GLS endocardium GLS transmural GLS epicardium

r p r p r p

DAS28 0.467 0.000 0.509 0.000 0.551 0.000

NT-proBNP 0.070 0.585 0.149 0.284 0.078 0.546

Ejection fraction -0.142 0.267 -0.134 0.234 -0.064 0.618

Mitral E/E’ -0.042 0.745 -0.074 0.566 -0.068 0.595

IVRT -0.184 0.148 -0.151 0.238 -0.121 0.347

Anti-CCP 0.583 0.000 0.687 0.000 0.689 0.000

RF 0.424 0.000 0.479 0.000 0.511 0.000

GLS: Global longitudinal strain; DAS28: Disease Activity Score in 28 Joints; NT-proBNP: N-terminal pro B-type natriuretic 
peptide; E/ E’: The ratio of early flow velocity to the early annular velocity; IVRT: Isovolumic relaxation time; Anti-CCP: 
Anti cyclic citrullinated peptide; RF: Rheumatoid factor.
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was correlated with increasing RA disease 
duration.12

In the study conducted by Naseem et al.13 which 
evaluated the correlation between disease activity 
scores and ventricular GLS values, worse LV GLS 
values were observed with increasing disease 
activity levels. The distinguishing feature of the 
present study is that not only the LV GLS values, 
but also the GLS values of endocardial, transmural 
and myocardial layers were analyzed separately. 
When the strain values of all three layers were 
compared with DAS28-CRP separately, increased 
disease activity was shown to be associated with 
lower strain values.

In a study investigating the difference in 
cardiovascular changes before and after the five-
year follow-up period, mitral A velocity increased 
and mitral E/A velocity decreased by time. The 
authors showed that the rates of change in LV 
diastolic function over five years were significantly 
higher. In the present study, the fact that RA 
patients with disease duration of >10 years had 
decreased mitral E/A and increased mitral E/E' 
velocity, compared to the RA patients with disease 
duration of <5 years underlined the importance 
of the duration of disease on the progression of 
heart failure and that the disease should not be 
left untreated.14

Benacka et al.15 showed that LV mass index 
was higher and EF was lower in RA patients in 
standard echocardiographic examination and also 
reported that IVRT was prolonged and mitral E/E' 
ratio increased. They found NT-proBNP levels 
to be higher in RA patients and did not detect a 
significant correlation between NT-proBNP level 
and EF, IVRT, E/E'. In the present study, RA 
patients had an increase in the LV mass index, 
a prolonged IVRT, an increase in the mitral E/E' 
ratio, and a higher NT-proBNP levels. Similarly, 
the EF of the RA group was detected lower than 
that of the control group; however, this difference 
did not reach statistical significance. In addition, 
the fact that the strain values in the endocardium, 
transmural and epicardium layers were found to 
be lower in RA patients with disease duration 
of more than 10 years than those with of less 
than five years shows that the effect continues 
throughout the disease period.

In a study examining serum NT-proBNP 
levels in RA patients at baseline and sixth year 

of follow-up, the authors found no statistically 
significant difference, although the levels were 
increased at the sixth year of follow-up compared 
to baseline.16 Similarly, this study also detected 
an increase in NT-proBNP levels, as the disease 
duration increased; however, it was not statistically 
significant.

Fine et al.17 reported that the LV GLS value 
of patients with RA was impaired compared to 
the control group and it was associated with the 
severity of the disease. In another study, it was 
shown that LV GLS values of RA patients were 
impaired and there was a correlation between 
high NT-proBNP levels and deterioration of GLS 
values.18 Although NT-proBNP value was found to 
be significantly higher in RA patients compared 
to the control group in the present study, a 
correlation was not detected between GLS values 
and NT-proBNP values in layer-specific analysis. 
The most likely reasons for this may be the 
characteristics of the patients included in the 
study and the relatively small number of the study 
population.

In the study conducted by Magda et al.19 on 
how right ventricular (RV) systolic functions were 
affected in RA patients, subclinical dysfunction 
developed in the RV in relation to the duration 
of the disease. In another study, mitral E/A 
and tricuspid E/A velocities were lower in RA 
patients.20 This study also revealed similar results 
reporting that tricuspid valve A velocity was 
significantly higher and tricuspid E/A ratio was 
significantly lower in RA patients compared to 
the control group. This finding suggests that 
RV diastolic functions are also impaired in RA 
patients as the LV functions.

De Rycke et al.21 showed that the probability 
of developing extra-articular involvement in 
anti-CCP-positive RA patients was higher than 
in negative patients, but they did not find a 
relationship between RF and extra-articular 
involvement. In the present study, we found 
that anti-CCP and RF titers were correlated 
with strain parameters in all three layers. In 
the light of these findings, it can be speculated 
that patients with high titers of anti-CCP and 
RF may be more prone to subclinical cardiac 
dysfunction.

There are studies reporting that subclinical 
myocardial dysfunction occurs in the early stages 
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of RA and the disease activity is the main 
determinant of myocardial dysfunction.22 In the 
present study, not only the disease activity, but also 
the disease duration was found to have an impact 
on subclinical LV dysfunction in RA patients. In 
contrary to the aforementioned study which did 
not report a statistically significant difference in 
mitral E/A velocity in newly diagnosed patients, 
this study reports that mitral E/A velocity was 
statistically lower in RA patients with disease 
duration of >10 years, compared to the control 
group.

It is well established that high homocysteine 
is an independent risk factor for coronary 
heart disease.23 Vasiljevic et al.24 reported that 
homocysteine levels were significantly higher 
in RA patients and CRP values were positively 
correlated with high homocysteine levels. 
A statistically significant increase in plasma 
homocysteine levels was observed in patients with 
severe disease activity compared to those with 
low or moderate disease activity. Yang et al.25 
found higher homocysteine concentrations and 
did not find any correlation with anti-CCP and 
RF titers. In this study, no significant difference 
was detected in homocysteine levels in RA 
patients and no correlation with immunological 
parameters (anti-CCP, RF) and DAS28-CRP. 
In addition, no relationship was found between 
the disease duration and homocysteine levels. 
This could be due to the presence of patients 
whose disease activity was kept under control 
rather than those with severe disease activity 
in the sample group and, also the fact that the 
study type is cross-sectional. Alomari et al.26 
reported that there was no significant difference 
in homocysteine levels between RA patients and 
the control group.

Nonetheless, there are some limitations to 
this study. The insufficient number of the 
sample group, the fact that the patients did 
not have very long disease duration, and the 
heterogeneity of the patient groups may have 
caused an inability to reveal possible cardiac 
function changes. However, the results of the 
data suggest that RA patients have a high risk 
of cardiovascular disease requiring vigilance 
for subclinical cardiac dysfunction and should 
be evaluated with myocardial strain imaging in 
addition to the standard echocardiography.

In conclusion, the strain values were found to 
be decreased in all layers with STE examination 
which allows the detection of subclinical myocardial 
systolic dysfunction in RA patients. Disease 
duration and failure to control disease activity 
were found to be associated with the development 
of heart failure. The STE can show myocardial 
deformation at an early stage before the visible 
changes in the myocardial tissue appear and its 
use has increased in the recent years. Myocardial 
dysfunction can be detected in the subclinical 
period in RA patients with more widespread 
use of this method. Further large-scale studies 
evaluating myocardial strain should be conducted 
on larger number of patients with a wider range 
of disease duration and activity.
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