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Objectives: Disease activity has been considered as independent cardiovascular risk factor in rheumatoid arthritis
(RA) patients. We aimed to evaluate the effect of RA disease activity on left ventricular (LV) and right ventricular (RV)
functions by speckle tracking echocardiography (STE).
Methods: 120 patients with RA without evidence of cardiovascular disease and 40 healthy control subjects were

included. Disease activity was evaluated according to Simplified Disease Activity Index (SDAI) score and Disease
Activity Score 28 (DAS28). LV and RV functions were assessed using conventional echocardiography and global
longitudinal strain (GLS) technique measured by STE.
Results: 81 patients had active disease while 39 patients were in remission. The LV and RV GLS value for active

RA patients was reduced compared to RA patients in remission and control group (p = <0.001). There was a signif-
icant correlation between RA disease activity scores level and LV GLS value, increasing levels of disease activity
was associated with worse LV GLS (r = �0.802, p value = <0.001) and r = �0.824, p value = <0.001) for SDAI and
DAS28 scores respectively. Also, there were significant correlations between RA disease activity scores level and
RV GLS value as the disease activity level increases the RV GLS value become worse (r = �0.682, p value = <0.001)
and r = �0.731, p value = <0.001) for SDAI and DAS28 scores respectively Receiver operating characteristic (ROC)
curve analysis showed that SDAI score and DAS28 were predictive for reduced LV GLS with a cut off value of
>7 and >2.8 respectively with sensitivity of 77.6%, specificity of 85.0% and area under ROC curve = 90.4 for SDAI
score and with sensitivity of 89.7%, specificity of 71.7% and area under ROC curve = 89.4 for DAS28 score. Also,
SDAI score and DAS28 were predictive for reduced RV GLS with a cut off value of >11 and >3 respectively with
sensitivity of 73.1%, specificity of 93.5% and area under ROC curve = 91.6 for SDAI score and with sensitivity of
84.6%, specificity of 80.4% and area under ROC curve = 90.8 for DAS28 score.
Conclusion: Disease activity in patients with rheumatoid arthritis is associated with lower left and right ventric-

ular function. Disease activity scores can predict subclinical left and right ventricular dysfunction.
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Abbreviations

CVD cardiovascular disease
CAD coronary artery disease
RA rheumatoid arthritis
IHD ischemic heart disease
HF heart failure
GLS global longitudinal strain
STE speckle tracking echocardiography
SDAI Simplified Disease Activity Index
SJC28 and TJC28 swollen and tender joints counts in 28

joints
VAS visual analogue scale
CRP C reactive protein
DAS28 Disease Activity Score in 28 Joints
ACPA anti-citrullinated peptide antibody
EF ejection fractions
RF rheumatoid factor
LVESV LV end-systolic volume
LVEDV LV end diastolic volume were evaluated
TDI Tissue Doppler imaging
IVRT Isovolumetric relaxation time
ET ejection time
e0 early diastolic wave
RVFAC Right ventricular fractional area change
TAPSE Tricuspid annular plane systolic excursion
MPI myocardial performance index
IVCT isovolumetric contraction time
SD standard deviation
ROC Receiving operator characteristics
DMARD disease modifying antirheumatic drugs
TNFI tumor necrosis factor inhibitor
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1. Introduction

It is well known that risk of development of car-

diovascular disease (CVD) and especially coro-
nary artery disease (CAD) is increased in patients
with rheumatoid arthritis (RA) [1]. Data from pre-
vious studies showed double fold elevation in the
risk of development of heart failure (HF) in RA
patients [2].
The increased risk of ischemic heart disease

(IHD) cannot explain HF development in RA
patients. It was found that non ischemic HF is
more pronounced in RA patients and the risk of
HF development was associated with RA severity
[3]. RA disease activity is characterized by high
level of Inflammation and this could contribute
to the development of HF through production of
cytokines and direct toxic effect on cardiomy-
ocytes and microvasculature and this could
explain the missing pathophysiological mecha-
nism of HF development [4,5].
Most of the patients with RA who presented

with HF have impaired diastolic function with
preserved systolic function which assessed by left
ventricular ejection fraction [6]. However, recent
studies using strain imaging technique, which is
a sensitive tool in detecting early stages of impair-
ment of systolic function, showed impairment in
global longitudinal strain (GLS) in RA patients
with normal ejection fraction [7,8].
In the current study we will assess the effect of

RA disease activity on systolic function of the left
and right ventricles using GLS technique mea-
sured by speckle tracking echocardiography
(STE) in patients with normal systolic function by
conventional two-dimensional echocardiography.
2. Patients and methods

� Study population:

From the outpatient clinic of the rheumatology
department consecutive 120 patients with
rheumatoid arthritis who were diagnosed accord-
ing to the American College of Rheumatology
classification for RA [9] during period of Septem-
ber 2015 to June 2017 were prospectively included
in the study. Patients were included in the study if
they have normal left and right ventricular
function documented by two-dimensional
echocardiography.
Exclusion criteria were as follow: evidence of

coronary artery disease (detected by clinical his-
tory, electrocardiogram and echocardiographic
evidence of wall motion abnormalities), valvular
or congenital heart disease, diabetes mellitus, sys-
temic arterial hypertension, pulmonary arterial
hypertension, arrhythmia, advanced renal and
liver diseases, and inadequate image quality.
Forty healthy subjects with similar age and sex

were recruited as a control group.
Informed consent was taken from all partici-

pants and the study was approved by the local
ethical committee.

� RA disease activity:

Simplified Disease Activity Index (SDAI) score
was calculated as the sum of the swollen and ten-
der joints counts in 28 joints (SJC28 and TJC28)
+ physician’s assessment of disease activity on a
visual analogue scale (VAS) (cm) + patient’s
assessment of global health on a VAS (cm) + C
reactive protein (CRP) (mg/dL) [10].
Patients were considered to be in remission if

SDAI score is �3.3, while active disease was
defined as SDAI score >3.3 [11]. Accordingly,
patients were divided into two groups the active
RA group (n = 81) and remission RA group
(n = 39).



Figure 1. Left ventricular longitudinal strain from the apical 4-
chamber view in rheumatoid arthritis patient.
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We also calculated Disease Activity Score in 28
Joints (DAS28) by recording the number of swol-
len and tender joints and ESR [12].

� Data collection:

The history and physical examination were done
in all participants with special emphasis on the
disease duration and current medications
received in patients with RA.
Routine laboratory measurements were

obtained. In all patients and control, measure-
ments of total serum cholesterol, serum crea-
tinine, CRP and ESR were obtained. In patients
with RA, rheumatoid factor (RF) and anti-
citrullinated peptide antibody (ACPA) were also
obtained.

� Echocardiography:

Echocardiograms were performed with (M5S
probe, GE Vivid E9 echocardiographic system) to
all participants according to standard guidelines
[12].

2.1. LV systolic function
LV septum and LV posterior wall end-diastolic

thickness were measured by M-mode echocardio-
graphy. LV ejection fractions (EF), LV end-systolic
volume (LVESV), LV end diastolic volume were
evaluated (LVEDV) using biplane method of discs
[13]. From the trans-mitral flow profile, the E and
A waves peak velocities were calculated. Tissue
Doppler imaging (TDI) of the mitral annulus was
performed in the apical 4 chamber view using 1-
to 2- mm sample volume placed in the septal
mitral valve annulus. The values of s0 and è were
measured and E/è was obtained. Isovolumetric
relaxation time (IVRT) is the time between the
end of ejection time (ET) and the beginning of
early diastolic wave (e0), was also measured [14].

2.2. Right ventricular function

Tricuspid annular plane systolic excursion
(TAPSE) was measured in the apical 4-chamber
view by M-mode echocardiography with the cur-
sor placed through the tricuspid lateral annulus
and measuring the amount of longitudinal motion
of the annulus at peak systole [15].
Right ventricular fractional area change

(RVFAC) was defined as (RV end-diastolic area-
RV end-systolic area)/RV end-diastolic area. The
RV endocardium was traced both in systole and
diastole along the free wall to the apex and then
back to annulus along the inter-ventricular sep-
tum in the apical 4-chamber view [15].
TDI derived RV-myocardial performance index
(MPI) was calculated. Pulsed TDI analysis was
obtained from apical 4-chamber view with TDI
cursor placed at the level of tricuspid annulus.
One major positive velocity (S0) was recorded with
movement of the annulus towards the apex dur-
ing systole. Two major negative waves were
recorded, one during early diastole (E0) and one
during late diastole (A0). (S0) duration was mea-
sured as ejection time. The time between the
end of (S0) and beginning of (E0) was measured
as IVRT. The time between the end of (A0) and
beginning of (S0) was measured as isovolumetric
contraction time (IVCT). MPI was calculated as
(IVRT + IVCT)/ET (ejection time) [15].
Pulsed wave derived tricuspid E wave, A wave,

early diastolic wave velocity by TDI (e0) and E/e0

ratio were measured to evaluate RV diastolic func-
tion [15].
2.3. Two D-speckle tracking echocardiography
For evaluation of the global LV longitudinal

strain, apical views including apical long axis, api-
cal 4 and 2 chamber views were obtained using
conventional 2-D gray scale imaging, during
breath hold with a stable ECG recording and an
adequate gray scale images to allow optimal delin-
eation of myocardial tissue and extra-cardiac
structures, 3 consecutive heart cycles were
recorded and averaged at frame rate of at least
50 frames/second (Fig. 1). LV endocardial surface
was traced manually at the end-systolic frame
and the width and shape of the region of interest
was adjusted manually. For analysis of RV strain,
the RV was traced in the apical 4-chamber view
(Fig. 2) [16]. Recordings were processed using a
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Figure 2. Right ventricular longitudinal strain from the apical 4-
chamber view in rheumatoid arthritis patient.
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software (Echo Pac, GE Vivid E9 echocardiogra-
phy system version 113), for off-line measure-
ments of speckle-based strain.
An absolute value of peak LV GLS below �20%

value was considered to be abnormal [13].
All measurement were performed by an experi-

enced echocardiographer (L.K). Intraobserver
variability was assessed in 15 randomly selected
patients by repeated analysis on the same cine
loop.

2.4. Statistical study
All statistical studies were carried out using Sta-

tistical Package for Social Sciences software (SPSS
18.0 for Windows, SPSS Inc., Chicago, Illinois).
The quantitative variables are expressed as

mean ± standard deviation (SD). The qualitative
data are expressed as counts and percentage. To
compare values student’s t-test and chi-square
were used for quantitative and qualitative values
respectively. Correlation analysis was calculated
using Pearson’s correlation coefficient. Receiving
operator characteristics (ROC) curve is used to
detect optimal cut-off values of SDAI and DSA28
scores for predicting reduced LV GLS and RV
GLS. A p value <0.05 is considered as statistically
significant.
3. Results

Of the 120 patients with rheumatoid arthritis
who were included in the present study, 81
patients had active disease who constituted the
first group and 39 patients were in remission con-
stituted the second group in addition to 40 healthy
subjects who constituted the control group.
3.1. Baseline demographic and clinical
characteristics
The Baseline demographic and clinical charac-

teristics are summarized in Table 1. There were
no statistically significant differences between
the three groups as regards age, sex, smoking sta-
tus, systolic and diastolic blood pressure, heart
rate, total serum cholesterol level and serum crea-
tinine level. Also, there was no statistically signif-
icant difference regarding the disease duration
between the active RA group and those in
remission.
Patients in the active RA group have a signifi-

cantly higher SDAI and DAS28 scores and more
anti-CCP and RF positive patients compared with
those in the RA in remission group (p = <0.001 for
all). The inflammatory markers CRP and ESR
were significantly higher in the active RA group
compared to the RA in remission and control
groups (p = <0.001 for both). Patients in the active
RA group had a higher rate of use of disease mod-
ifying antirheumatic drugs (DMARD), tumor
necrosis factor inhibitor (TNFI), methotrexate
and corticosteroids compared with the RA in
remission group (p = <0.001 for all).

3.2. Echocardiographic characteristics

3.2.1. LV function
The LV echocardiographic characteristics are

shown in Table 2. The three groups did not differ
with respect to LV septum thickness at end dias-
tole, LV posterior wall thickness at end diastole,
LV end diastolic volume, LV end-systolic volume,
EF%, peak mitral E wave velocity, peak mitral A
wave velocity, mitral E/e0 ratio and peak S0 veloc-
ity. The LV GLS value for active RA patients was
significantly worse (less negative) compared to
RA patients in remission and control group
(p = <0.001 for both). Of note, the LV GLS value
was comparable between patients with RA in
remission and control group.

3.2.2. RV function
The RV echocardiographic characteristics are

reported in Table 3. There were no significant dif-
ferences between the three groups regarding peak
tricuspid E wave velocity, peak tricuspid A wave
velocity, tricuspid E/e0 ratio, pulmonary artery
systolic pressure, TAPSE, RVFAC, MPI-TDI. The
RV GLS value for active RA patients was signifi-
cantly worse (less negative) compared to RA
patients in remission and control group
(p = <0.001 for both). The RV GLS value did not
differ between patients with RA in remission
and control group.



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

Active RA (n = 81) Remission RA (n = 39) Control p-Value

Age 54.52 ± 7.31 55.08 ± 6.86 53.08 ± 7.45 0.436
Female% 55 (67.9%) 27 (69.2%) 25 (62.5%) 0.788
Current smoker 12 (14.8%) 7 (17.9%) 9 (22.5%) 0.584
Systolic blood pressure (mm Hg) 129.63 ± 9.87 132.18 ± 10.18 128.38 ± 6.64 0.176
Diastolic blood pressure (mm Hg) 85.17 ± 6.94 85.77 ± 7.39 83.38 ± 5.24 0.240
Heart rate (beats/min) 77.75 ± 9.05 77.18 ± 8.86 76.25 ± 8.75 0.684

RA disease characteristics
Disease duration (years) 8.47 ± 3.83 7.92 ± 3.47 0.453
SDAI score 11.18 ± 7.59 2.12 ± 0.46 <0.001
DAS28 3.42 ± 0.80 1.98 ± 0.25 <0.001

Laboratory
Total serum cholesterol (mg/dl) 195.68 ± 28.58 200.26 ± 32.75 197.58 ± 31.34 0.739
RF positive 55 (67.9%) 19 (48.7%) <0.001
Anti CCP positive 52 (64.1%) 15 (38.4%) <0.001
Serum creatinine (mg/dl) 1.13 ± 0.21 1.11 ± 0.29 1.17 ± 0.20 0.523
CRP (mg/L) 12.31 ± 5.70 3.21 ± 1.26a 0.59 ± 0.31a <0.001 for active vs control

and active vs remission
and 0.033 for remission vs
control

ESR (mm/hour) 60.30 ± 8.89 33.85 ± 5.90a 8.53 ± 2.63ab <0.001 for active vs control
and active vs remission
and 0.042 for remission vs
control

Medications
DMARDS% 60 (74%) 20 (51.2%) <0.001
TNFI% 17 (20.9%) 6 (15.3%) <0.001
Methotrexate% 28 (34.5%) 13 (33.3%) <0.001
Corticosteroids% 35 (43.2%) 14 (35.8%) <0.001

All data are represented as mean ± SD and number (percent).
a: significant with active group, b: significant with Remission group.
RA, rheumatoid arthritis; SDAI, Simplified Disease Activity Index; DAS28, Disease Activity Score in 28 Joints; RF, rheumatoid factor; Anti-CCP, anti-
cyclic citrullinated peptide; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; DMARDs, disease modifying antirheumatic drugs; TNFi,
tumour necrosis factor inhibitor.
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Table 2. The LV echocardiographic characteristics of the studied groups.

Active RA
(n = 81)

Remission RA
(n = 39)

Control p-Value

LV septum thickness at end
diastole

0.93 ± 0.09 0.94 ± 0.10 0.94 ± 0.10 0.766

LV PW thickness at end diastole 0.99 ± 0.79 0.90 ± 0.09 0.91 ± 0.08 0.614
LVEDV 121.59 ± 17.70 117.41 ± 15.58 118.30 ± 20.39 0.413
LVESV 46.58 ± 10.69 42.44 ± 9.52 42.50 ± 11.59 0.054
EF% 62.11 ± 5.06 63.33 ± 5.51 63.70 ± 5.36 0.229
Mitral Peak E (m/s) 0.77 ± 0.10 0.78 ± 0.10 0.80 ± 0.11 0.193
Mitral Peak A (m/s) 0.77 ± 0.10 0.73 ± 0.11 0.74 ± 0.11 0.077
LV IVRT (ms) 87.32 ± 11.17 85.77 ± 16.16 82.15 ± 9.73 0.096
Mitral E/è 11.04 ± 1.50 11.69 ± 1.62 11.20 ± 1.62 0.101
Peak S0 (cm/s) 10.99 ± 1.38 10.92 ± 1.40 11.43 ± 1.41 0.196
LV GLS (%) �18.56 ± 1.87 �21.18 ± 1.27a �20.78 ± 1.44a <0.001 for active vs control

and active vs remission and
0.027 for remission vs
control

All data are represented as mean ± SD and number (percent).
a: significant with active group, b: significant with Remission group.
RA, rheumatoid arthritis; LV, left ventricular; LVEDV, left ventricular end-diastolic volume index; LVESV = left ventricular end-systolic volume; EF%,
Ejection fraction; E: peak flow velocity during the early rapid filling phase; A: peak flow velocity during atrial contraction; IVRT, Isovolumic relaxation
time; E/ è, the ratio of early flow velocity to the early annular velocity; S0=systolic annulus velocity; GLS, global longitudinal strain.
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Table 3. The RV echocardiographic characteristics of the studied groups.

Active Remission Control p-Value

Tricuspid E 0.49 ± 0.09 0.50 ± 0.07 0.50 ± 0.07 0.672
Tricuspid A 0.40 ± 0.07 0.39 ± 0.08 0.39 ± 0.09 0.476
Tricuspid E/è 4.33 ± 0.84 4.13 ± 0.83 4.50 ± 0.72 0.126
ESPAP 30.75 ± 4.79 29.85 ± 4.68 30.75 ± 4.98 0.594
TAPSE 19.10 ± 2.19 19.03 ± 2.38 19.58 ± 2.30 0.476
RVFAC 37.27 ± 2.81 36.33 ± 1.78 37.23 ± 1.72 0.106
MPI-TDI 0.42 ± 0.07 0.39 ± 0.04 0.41 ± 0.07 0.106
RV Global strain (%) �18.99 ± 1.58 �21.95 ± 1.69a �23.03 ± 2.02a <0.001 for active vs control

and active vs remission and
0.031 for remission vs
control

All data are represented as mean ± SD and number (percent).
a: significant with active group, b: significant with Remission group.
E: peak flow velocity during the early rapid filling phase; A: peak flow velocity during atrial contraction; E/è, the ratio of early flow velocity to the early
annular velocity; ESPASP, estimated systolic pulmonary artery pressure TAPSE, tricuspid annular plane systolic excursion; RVFAC, right ventricular
fractional area change; MPI, myocardial performance index; TDI, tissue Doppler imaging; RV, right ventricular; GLS, global longitudinal strain.

Figure 4. Receiver operating curve characteristic (Roc) curve analysis
for Disease Activity Score in 28 Joints (DAS28) score as predictor
reduced left ventricular global longitudinal strain (LV GLS).
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3.2.3. Correlations
We assessed correlations between RA disease

activity scores level (SDAI score and DAS28 score)
and both LV GLS and RV GLS value. Calculation
of Pearson’s correlation coefficient showed a sta-
tistically significant correlation between RA dis-
ease activity scores level (SDAI score and DAS28
score) and LV GLS value, increasing levels of dis-
ease activity was associated with worse LV GLS
(r = �0.802, p value = <0.001) and r = �0.824, p
value = <0.001) for SDAI and DAS28 scores
respectively (Figs. 3 and 4). Also, there were signif-
icant correlations between RA disease activity
scores level (SDAI score and DAS28 score) and
RV GLS value as the disease activity level
increases the RV GLS value become worse
(r = �0.682, p value = <0.001) and r = �0.731, p
value = <0.001) for SDAI and DAS28 scores
respectively (Fig. 5).
Receiver operating characteristic (ROC) curve

analysis showed that SDAI score and DAS28 were
predictive for reduced LV GLS with respect to the
referral limit of �20% with a cut off value of >7
Figure 3. Receiver operating curve characteristic (Roc) curve analysis
for Simplified Disease Activity Index (SDAI) score as predictor
reduced left ventricular global longitudinal strain (LV GLS).

Figure 5. Receiver operating curve characteristic (Roc) curve analysis
for Simplified Disease Activity Index (SDAI) score as predictor
reduced right ventricular global longitudinal strain (RV GLS).
and >2.8 respectively with sensitivity of 77.6%,
specificity of 85.0% and area under ROC
curve = 90.4 for SDAI score and with sensitivity
of 89.7%, specificity of 71.7% and area under
ROC curve = 89.4 for DAS28 score (see Fig. 6).



Figure 6. Receiver operating curve characteristic (Roc) curve analysis
for Disease Activity Score in 28 Joints (DAS28) score as predictor
reduced right ventricular global longitudinal strain (RV GLS).
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Also, SDAI score and DAS28 were predictive for
reduced RV GLS (less than the mean value for RV
GLS in control group: �23%) with a cut off value
of >11 and >3 respectively with sensitivity of
73.1%, specificity of 93.5% and area under ROC
curve = 91.6 for SDAI score and with sensitivity
of 84.6%, specificity of 80.4% and area under
ROC curve = 90.8 for DAS28 score.
4. Discussion

The principle finding of this study was that GLS
measured using STE of both left and right ventri-
cle is reduced in patients with active RA without
history of CVD and normal ejection fraction in
comparison with RA Patients in remission phase
and normal control groups. Moreover there was
a positive correlation between the degree of GLS
reduction of both left and right ventricles and
the level of RA disease activity measured using
SDAI score and DAS28 score.
Left ventricular diastolic function measured by

echocardiography was nearly normal in the three
studied groups and was not correlated with GLS
reduction in RA active group, suggesting that
GLS is sensitive tools in theses population in
detecting the early stage of myocardial dysfunc-
tion. On the other hand, S0 measurement using
TDI failed to predict those changes in myocardial
function, and this could be explained by the fact
that TDI is angle dependent and it measures only
the function of the basal myocardium and cannot
differentiate between active myocardial contrac-
tion and tethering effects of adjacent myocardium,
while the GLS measure the global longitudinal
function of the LV [17].
GLS is a well validated method in detecting

reduction in ventricular systolic function even in
the presence of normal ejection fraction [13]. Ejec-
tion fraction mainly measures radial left ventricu-
lar systolic function [18]. Ischemia due to coronary
artery disease mainly affects the longitudinal fiber
[19], and this reduction of GLS values in patients
with active RA may point to the presence of sub-
clinical ischemic heart disease and this is sup-
ported by the data from previous studies that
patients with active RA have high prevalence of
coronary artery disease [20]. In a recent study it
was found that RA patient had more severe and
prone to rupture coronary plaques in comparison
to their counterparts control subjects [21]. The
state of systemic inflammation in active RA is
associated with release of inflammatory cytokines
like IL-6 and TNF which lead to endothelial dys-
function, the first stage of atherosclerosis [22].
Moreover, it was found that there is a great simi-
larity between atherosclerotic plaque and inflam-
matory processes in the rheumatoid synovium
[23].
The high state of systemic inflammation in RA

could lead to another possible mechanism of
myocardial dysfunction through myocardial fibro-
sis in the absence of CAD [24]. In a recent study of
RA patients using cardiac magnetic resonance the
increased disease activity was associated with
increased mid-wall fibrosis in the absence of
ischemia [25]. In another recent study by Løgstrup
et al. [26], they found that in RA patients, higher
baseline anti-CCP was associated with worsening
GLS over 2 years follow up in comparison to those
with normal baseline anti-CCP (0.6 ± 1.8% vs
�1 ± 2.8%; p = 0.04) despite there was no signifi-
cant change in coronary calcium score over this
period (23.8 ± 40.3 vs 22.6 ± 68.9; p = 0.96). Those
findings support the result of our works that more
the RA disease activity is, the more depression of
left and right ventricular function.
The previous finding was supported by Midtbø

et al. [27] who studied 78 patients with RA in dif-
ferent stages of disease activity and found that
stress-corrected mid wall shortening (scMWS)
and GLS, both reflect myocardial function, were
reduced in patients with active RA compared with
patients with RA in remission (95 ± 18% vs.
105 ± 17% and �18.9 ± 3.1% vs. �20.6 ± 3.5%,
p < 0.01).
In another study of 87 patients with RA, GLS of

left and right ventricle was reduced compared to
normal population (p < 0.001) [28].
Ikonomidis et al. studied the effect of interleukin

inhibitor on vascular function and myocardial
deformation in 80 RA patients, and they found a
significant improvement in GLS after treatment
by interleukin inhibitors especially in CAD
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patients [29]. All these data support the finding of
our study that higher disease activity is associated
with worsening of myocardial function.
On contrast to our data, Logstrup et al. found

that lower level of anti CCP antibodies is associ-
ated with reduced GLS [8].
Also Meune et al. who studied 27 patients with

RA, found no significant difference in systolic
strain between RA patients and control group
[30]. A possible explanation of this finding is the
method they used in measuring the strain. They
used tissue Doppler rather than STE which is
more sensitive and automated technique in mea-
suring the strain.
There is scanty of data about assessment of RV

function using STE in RA patients, in the current
study we choose to assess the deformation of the
RV using GLS only for two reasons. First, RV
myocardial filaments are prevalently longitudi-
nally arranged, and longitudinal strain is the rule
procedure used to evaluate RV systolic function
utilizing STE. Second Circumferential and spiral
RV strain are profoundly actually difficult and
not routinely performed in practice. Fine et al.
[7] used the GLS to assess RV function in RA
patients and compared them to normal subjects
and they found a more negative GLS in RA
patients (more worse function) (�17.9 ± 4.7% vs
�20.7 ± 2.4%, p < 0.001).
Finally, the active RA group was significantly

treated by corticosteroids, TNFI, and methotrex-
ate. TNFI change the compliance of the ventricles
and promote CHF [31], corticosteroids increase
blood pressure, insulin resistant and augment
hypercoagulability [32]. So, still these drugs could
affect the results of GLS and not only the activity
of RA.
5. Limitations

This was a single center study with relatively
small number of patients, thus the current results
need to be confirmed in larger multicenter study
before routine clinical use of STE in RA patients
in every day clinical practice. Moreover, the
results of the current study cannot be applied on
patients with established CVD, hypertension and
diabetes who were excluded from the current
study.
6. Conclusion

GLS measurement using STE is valuable and
reproducible tool in detecting impairment of left
and right ventricles systolic function in RA
patients, even in the presence of normal ejection
fraction. The degree of systolic function impair-
ment is correlated to RA disease activity scores.
This raises the concern that inappropriate man-
agement of RA activity could lead to development
of heart failure. More prospective studies with lar-
ger number of patients and more long term follow
up are needed to assess the long term clinical out-
come of those patients with RA disease activity.
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