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A preliminary study 
on the evaluation of left atrial 
function of rheumatoid arthritis 
by two dimensional speckle 
tracking imaging
Xiang Ji1, Xia Zhang2* & Guojie Li2

To evaluate the changes of left atrial (LA) geometry and function in patients with rheumatoid arthritis 
(RA) by conventional echocardiography and two-dimensional speckle tracking imaging (2D-STI). 
We enrolled 46 RA patients with a duration of < 5 years as Group I, 40 RA patients with a duration of 
≥ 5 years as Group II, and 40 normal subjects as the control group. Conventional echocardiography was 
conducted to measure traditional parameters. The LA strain during reservoir phase (LASr), LA strain 
during conduit phase (LAScd), LA strain during contraction phase (LASct), and LA global longitudinal 
strain (LAGLS) were obtained from 2D-STI. Related ultrasound results were compared. The LASct 
was significantly higher in Group I than in control group (P < 0.05). The LASr, LAScd, and LAGLS were 
significantly lower in Group I than in control group (all P < 0.05). The LASr, LAScd, LASct, and LAGLS 
were significantly lower in Group II than in control group and Group I (all P < 0.05). The function of 
LA impaired in RA patients, and the impairment aggravated with the clinical course of RA patients. 
2D-STI technology can early and accurately evaluate the LA function of RA patients by evaluating 
LASr, LAScd, LASct, and LAGLS.

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease, which could damage joints, skin, eyes, 
lung, kidney, nervous system, gastrointestinal tract, heart, and blood  vessels1. RA patients account for 0.5–1% 
of the world’s  population2. RA is an independent risk factor for cardiovascular  disease3. The prevalence of car-
diovascular disease in RA is very high, which is 2–5 times of normal  subjects4–6. Even with no history of heart 
disease, RA patients are highly likely to have abnormal cardiac structure and function. The risk of cardiovascular 
death in RA patients is more than 50% higher than that in healthy  persons7,8. Cardiac involvement is the main 
cause of death in RA  patients9. Therefore, early detection of myocardial function in RA patients has important 
value for further clinical decision-making and reducing mortality because of the high incidence rate and the 
occult onset of cardiovascular complications in RA patients.

The structural and functional abnormalities of the left atrium occur early in cardiovascular diseases. Left 
atrial (LA) dysfunction is closely related to cardiovascular diseases such as atrial  fibrillation10,11,  stroke12,13, heart 
failure, and even  death14. Hence, early detection of LA function in RA patients is of importance. However, there 
are few studies on the evaluation of LA function in RA patients till date.

Although angiography can accurately evaluate LA function, it is invasive. Real time three-dimensional echo-
cardiography (RT-3DE) can noninvasively evaluate the structure and function of left atrium, however, the com-
plete heart wall could not be observed for patients with significant heart enlargement because of the relatively 
low resolution and low image clarity of RT-3DE. Tissue Doppler imaging (TDI) can reflect the LA function by 
evaluating the LA strain, but it is angle-dependent15, and is easily affected by respiration and frame rate.

Two dimensional speckle tracking imaging (2D-STI) is a new technique developed in recent years. In this 
technique with angle-independence, by tracking the speckle patterns in the two-dimensional plane, the image-
processing algorithm allows for better evaluation of global and local myocardial  deformation16,17. 2D-STI has 
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been used in the evaluation of many cardiovascular diseases, such as coronary heart disease and  diabetes18–21. 
However, few studies have evaluated LA function by 2D-STI in RA patients till date.

In order to provide the basis for early intervention to prevent the occurrence of adverse cardiovascular events 
in RA patients, we evaluated the LA structure and function in RA patients by conventional echocardiography 
and 2D-STI.

Methods
Study population and control subjects. Eighty-six RA patients with normal left ventricular ejec-
tion fraction (LVEF) were selected in the first affiliated hospital of Wannan Medical College from September 
2019 to September 2020. All patients were diagnosed by the same experienced rheumatologist and fulfilled the 
American College of Rheumatology/European League Against Rheumatism (ACR/EULAR) 2010  criteria22. RA 
patients were divided into two groups according to the clinical course of RA patients. Group I included 10 males 
and 36 females who had a mean duration of disease of < 5 years, and the patients in this group have a mean age of 
44.25 years, with a standard deviation of 6.69 years, and their incident age ranged from 32 to 55 years. Group II 
included 11 males and 29 females who had a mean duration of disease of ≥ 5 years, and the patients in this group 
have a mean age of 44.61 years, with a standard deviation of 6.18 years, and their incident age ranged from 34 
to 55 years. Forty healthy normal subjects matched in age, gender, heart rate (HR), and body surface area (BSA) 
were selected as control subjects. Control group included 10 males and 30 females, and the subjects in this group 
had a mean age of 43.04 years, with a standard deviation of 6.61 years, and their incident age ranged from 31 
to 56 years. The exclusion criteria for this study were cardiac involvement, including valve diseases, congenital 
heart diseases, cardiomyopathy, coronary heart diseases, cardiac rhythm abnormalities, and pericardial effusion, 
etc.; extracardiac diseases that could lead to cardiac dysfunction, such as arterial hypertension, renal insuf-
ficiency, and diabetes, etc.; inability to follow commands during examinations; and technically poor acoustic 
window precluding satisfactory two dimensional echocardiographic imaging of left atrium. We excluded three 
patients with pericardial effusion, four patients with hypertension, three patients with valve diseases, and two 
patients with diabetes.

Echocardiograms. Transthoracic two-dimensional echocardiography was performed in all participants by 
the utilize of Philips EPIQ 7C ultrasound system (Philips, Best, The Netherlands) equipped with a S5-1 probe 
with a frequency of 3.5–5 MHz. The left ventricular posterior wall thickness (LVPWT) at the end of diastole was 
obtained from the long axis view of left ventricle. LA minimum volume  (LAVmin), LA maximal volume  (LAVmax), 
and LA presystolic volume  (LAVprep) were estimated using Simpson’s biplane method of disks in the four-and two-
chamber views. The LVEF and left ventricular fractional shortening (LVFS) were also calculated by the biplane 
method of disks. The LA ejection fraction (LAEF) was calculated using the formula:  (LAVmax −  LAVmin)/LAVmax. 
The LA active ejection fraction (LAAEF) was calculated using the formula:  (LAVpre −  LAVmin)/LApre × 100%. The 
LA passive ejection fraction (LAPEF) was calculated using the formula:  (LAVmax −  LAVpre)/LAmax × 100%. The 
LV mass was calculated using the Devereux  formula23. The sex, age, height, weight, blood pressure, and heart 
rate of all the subjects were recorded. Body surface area (BSA) was calculated according to height and weight 
as follows: BSA  (m2) = 0.0061 × height (cm) + 0.0128 × weight (kg)  − 0.1529. The routine LA parameters were 
standardized through BSA, and the standardized parameters of the LA maximal volume index  (LAVImax), LA 
minimum volume index  (LAVImin), LA presystolic volume index  (LAVIprep), and left ventricular mass index 
(LVMI) were then obtained.

The collected two-dimensional dynamic images were transferred to QLAB (version 10.5, Philips Medical 
System) workstation, and myocardial strain was analyzed in the interface of aCMQ program. According to the 
American Society of Echocardiography (ASE) and European Association of cardiovascular imaging (EACVI) 
recommended guidelines in 2018, an adjustable region of interest with a default width of 3 mm is  set24. Two 
satisfactory plane views were selected, including apical two-and four-chamber views. The software automatically 
tracked the myocardial movement and outlined the endocardium. The unsatisfactory endocardium outlined by 
the software was then manually adjusted to wrap the region of interest around the whole myocardial layer. The 
strain value at mitral valve opening (corresponding to ECG U wave peak), the strain value at the onset of atrial 
contraction (corresponding to ECG P wave peak), the strain value ventricular end-diastole (corresponding to 
ECG S wave valley) in apical two- and four- chamber views, and the LA global strain (LAGLS) in each view 
were recorded. LASr = LA strain during reservoir phase, measured as difference of the strain value at mitral valve 
opening minus ventricular end-diastole (positive value). LAScd = LA strain during conduit phase, measured 
as difference of the strain value at the onset of atrial contraction minus mitral valve opening (negative value). 
LASct = LA strain during contraction phase, measured as difference of the strain value at ventricular end diastole 
minus onset of atrial contraction (negative value) (Figs. 1, 2, 3).

Thirty data sets were randomly selected to test the repeatability of LASr, LAScd, and LASct within and among 
observers. The intraobserver consistency test was analyzed by the same operator at least 1 week apart with 2D-STI 
software, and an another experienced operator was selected to analyze the data of 30 patients without knowing the 
results of the former. The two sets of results were then compared to test the consistency between the observers.

Statistics. SPSS 21.0 software was used for statistical analysis. Continuous outcome variables were presented 
as mean ± standard deviation (SD), and non-normally distributed variables were reported as median and inter-
quartile range (IQR). For the quantitative data with normal distribution and homogeneous variance, the inde-
pendent samples t-test or one-way ANOVA was used for comparison between or among groups. Otherwise, 
Mann–Whitney U test or Kruskal–Wallis one-way analysis of variance was used for comparison between or 
among groups. The chi-square or Fisher’s exact test was used for the analysis of categorical data.  Pearson’s cor-
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relation analysis was applied to show the correlation between two sets of data. Bland–Altman scatter plot was 
used to show the results of the repeatability tests of interobservers and intraobserver. A P value of < 0.05 was 
considered significant.

Compliance with ethical standards. The study protocol was approved by the ethics committee of the 
First Affiliated Hospital of Wannan Medical College, and informed consent was obtained from each patient’s 
family.

Ethical statement. All patients involved in this study gave their informed consent. Institutional review 
board approval of our hospital was obtained for this study. Informed consent was obtained from all participants 
included in the study and the photographs in which a patient or other person is identifiable have been published 

Figure 1.  2D-STI parameters of left atrium in control group. 2D-STI parameters of left atrium obtained from 
apical four-chamber view in control group (A). 2D-STI parameters of left atrium obtained from apical two-
chamber view in control group (B). LAGLS left atrial global longitudinal strain, LASr left atrial strain during 
reservoir phase, LAScd left atrial strain during conduit phase, LASct left atrial strain during contraction phase, 
LV left ventricle, LA left atrium, RV right ventricle, RA right atrium.

Figure 2.  2D-STI parameters of left atrium in Group I. 2D-STI parameters of left atrium obtained from apical 
four-chamber view in Group I (A). 2D-STI parameters of left atrium obtained from apical two-chamber view 
in Group I (B). LAGLS left atrial global longitudinal strain, LASr left atrial strain during reservoir phase, LAScd 
left atrial strain during conduit phase, LASct left atrial strain during contraction phase, LV left ventricle, LA left 
atrium, RV right ventricle, RA right atrium.
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with written permission from that person. The persons are consenting to the publication of the photographs. The 
persons have no restrictions on the publication of photographs.

Results
Comparison of general data among groups. There were no significant differences in general data 
among the groups (all P > 0.05) (Table 1).

Comparison of clinical and laboratory parameters of RA among groups. Among RA patients, 
there were no significant differences in rheumatoid factor (RF) and anti-cyclic peptide containing citrulline 
(Anti CCP) between the groups (both P > 0.05). The clinical course of RA patients was significantly longer in 
Group II than in Group I (P < 0.05). Among all the subjects, RF and Anti CCP were significantly higher in Group 
I and Group II than in control group (all P < 0.05) (Table 2).

Figure 3.  2D-STI parameters of left atrium in Group II. 2D-STI parameters of left atrium obtained from apical 
four-chamber view in Group II (A). 2D-STI parameters of left atrium obtained from apical two-chamber view 
in Group II (B). LAGLS left atrial global longitudinal strain, LASr left atrial strain during reservoir phase, LAScd 
left atrial strain during conduit phase, LASct left atrial strain during contraction phase, LV left ventricle, LA left 
atrium, RV right ventricle, RA right atrium.

Table 1.  Characteristics of all the subjects. Data are presented as mean ± standard deviation unless otherwise 
indicated. BMI body mass index, HR heart rate, HDL cholesterol high density lipoprotein cholesterol; LDL 
cholesterol low density lipoprotein cholesterol, DMARDs disease modifying anti-rheumatic drugs, NSAIDs 
nonsteroidal anti-inflammatory drugs. # Compared with group I, P < 0.05.

Parameter Control Group I Group II P-value

Age (years) 43.04 ± 6.61 44.25 ± 6.69 44.61 ± 6.18 0.53

BMI (kg/m2) 21.02 ± 1.96 20.78 ± 2.06 20.89 ± 1.78 0.84

Systolic pressure (mm/Hg) 115.32 ± 12.27 118.64 ± 13.30 118.72 ± 13.36 0.41

Diastolic pressure (mm/Hg) 74.35 ± 6.43 76.20 ± 6.54 77.43 ± 9.39 0.19

Female (%) 75.00 78.26 72.50 0.82

HR (bmp) 73.92 ± 5.10 74.30 ± 5.31 73.95 ± 5.31 0.93

Smoking (%) 5.0 6.5 7.5 0.90

Total cholesterol (mg/dL) 175.6 ± 18.1 172.4 ± 20.9 177.7 ± 19.8 0.46

HDL cholesterol (mg/dL) 52.0 ± 10.6 55.6 ± 11.2 55.2 ± 10.8 0.27

LDL cholesterol (mg/dL) 104.6 ± 10.9 103.9 ± 11.2 105.0 ± 11.7 0.89

Medications

DMARDs (%) – 89.1 95.0 0.32

NSAIDs (%) – 37.0 50.0 0.22

Corticosteriod (%) – 32.6 55.0# 0.04
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Comparison of conventional echocardiographic parameters among groups. Control group and 
Group I showed no significant differences in LVPWT, LVEF, and LVFS (all P > 0.05). Compared with the control 
group and Group I, there were no significant differences in LVEF and LVFS in Group II (all P > 0.05). The LVMI, 
E/e,  LAVImax,  LAVIprep,  LAVImin, and LAAEF were significantly higher and the e, LAEF, and LAPEF were signifi-
cantly lower in Group I than in control group (all P < 0.05). The LVMI, E/e,  LAVImax,  LAVIprep, and  LAVImin were 
significantly higher and the e, LAEF, LAPEF, and LAAEF were significantly lower in Group II than in control 
group and Group I (all P < 0.05) (Table 3).

Comparison of strain values among groups. The LAsct was significantly higher and the LASr, LAScd, 
and LAGLS were significantly lower in Group I than in control group (all P < 0.05). The LASr, LAScd, LASct, and 
LAGLS were significantly lower in Group II than in control group and Group I (all P < 0.05) (Table 4).

Correlation analysis. Among RA patients, no significant correlation was found between the LAGLS and 
inflammatory markers, including the RF level and anti-CCP level (r = − 0.12, − 0.10, respectively, both P > 0.05) 
(Table 5). A significant correlation was found between the clinical course of RA patients and the parameters 
of LA function, including LAGLS, LASr, absolute value of LAScd, absolute value of LASct, LAEF, LAPEF, and 
LAAEF (r = − 0.93, − 0.94, − 0.90, − 0.73, − 0.93, − 0.81, and − 0.81, respectively; all P < 0.05) (Table 6).

In all the subjects, LAEF was positively correlated with LASr (r = 0.93, P < 0.05), LAPEF was positively cor-
related with the absolute value of LAScd (r = − 0.97, P < 0.05), and LAAEF was positively correlated with the 
absolute value of LASct (r = − 0.75, P < 0.05) (Fig. 4).

Repeatability analysis. Bland–Altman analyses of the LA strain parameters obtained by 2D-STI showed 
high interobserver and intraobserver consistency (Fig. 5).

Table 2.  Clinical and laboratory parameters. Data are presented as mean ± standard deviation, median 
(interquartile range), or positive rate. RF rheumatoid factor, Anti CCP anti-cyclic peptide containing citrulline. 
*Compared with control group, P < 0.05. # Compared with group I, P < 0.05.

Parameter Control Group I Group II P-value

Clinical

RA duration (years) – 2.42 ± 1.13 7.21 ± 1.39# < 0.001

Laboratory

RF positive (%) – 66 65 0.98

RF (IU/ml) 4.69 (2.87, 7.87) 138.34 (18.56, 178.61)* 131.28 (17.32, 183.81)* < 0.001

Anti CCP positive (%) – 62 60 0.62

Anti CCP (U/ml) 7.03 (4.70, 9.07) 180.45 (20.02, 300.31)* 186.33 (19.93, 296.90)* < 0.001

Table 3.  Conventional echocardiographic parameters. Data are presented as mean ± standard deviation. 
LAVImax left atrial maximal volume index, LAVImin left atrial minimum volume index, LAVIpre left atrial 
presystolic volume index, LAEF left atrial ejection fraction, LAPEF left atrial passive ejection fraction, LAAEF 
left atrial active ejection fraction, LVEF left ventricular ejection fraction, LVFS left ventricular fractional 
shortening, LVMI left ventricular mass index, LVPWT left ventricular posterior wall thickness. *Compared 
with control group, P < 0.05. # Compared with group I, P < 0.05.

Parameter Control Group I Group II P-value

LAVImax (ml/m2) 24.11 ± 2.41 30.41 ± 2.82* 38.56 ± 2.70*# < 0.001

LAVImin (ml/m2) 10.13 ± 1.90 14.72 ± 1.79* 24.21 ± 2.99*# < 0.001

LAVIpre (ml/m2) 13.31 ± 2.11 20.82 ± 2.44* 29.80 ± 2.90*# < 0.001

LAEF (%) 58.18 ± 5.45 51.72 ± 3.00* 37.23 ± 7.05*# < 0.001

LAPEF (%) 45.00 ± 5.46 31.60 ± 3.96* 22.68 ± 5.66*# < 0.001

LAAEF (%) 25.34 ± 5.93 29.46 ± 4.40* 18.83 ± 4.61*# < 0.001

E/e 7.70 ± 1.32 12.26 ± 2.06* 15.56 ± 1.60*# < 0.001

e 10.20 ± 1.79 7.04 ± 1.15* 4.82 ± 1.21*# < 0.001

LVEF (%) 66.27 ± 2.44 65.93 ± 2.16 65.56 ± 2.08 0.36

LVFS (%) 36.96 ± 1.31 36.65 ± 1.17 36.45 ± 1.21 0.18

LVMI (g/m2) 78.68 ± 8.89 85.11 ± 13.76* 97.83 ± 19.03*# < 0.001

LVPWT (mm) 8.76 ± 0.21 8.82 ± 0.23 12.52 ± 0.22*# < 0.001
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Discussion
Left atrium is a structure connecting pulmonary vein and left ventricle, which plays an important role in main-
taining normal cardiovascular function. LA function may be helpful for the evaluation of left ventricular dias-
tolic  function25. The size of left atrium is a predictor of stroke and atrial  fibrillation26. In different phases of the 
cardiac cycle including systole, early diastole, and late diastole. LA function serves as reservoir function, conduit 
function, and contractile function respectively. LA relaxation and compliance could be reflected by LA reservoir 
function. LV diastolic function is closely related to LA conduit function. Intrinsic LA contractility and LV end-
diastolic compliance and pressure could be reflected by LA contractile  function27. Some studies have shown 
the LA enlargement in RA patients. However, the evaluation of LA strain function, the correlations between 
biochemical parameters of RA patients and LA strain parameters, and the correlations between the parameters 
of LA function and the clinical course of RA patients were rarely mentioned in literature to date.

Conventional echocardiography has been widely used in the evaluation of LA function and structure, but it 
has some limitations. LA enlargement is an independent predictor of cardiovascular risk events, but it is affected 
by gender, age, height, weight, and other factors. Mitral flow spectrum can help to diagnose atrial fibrillation, 
but it is affected by heart rate, LA load, and the position of sampling line. TDI can also be used to evaluate the 
LA strain function, but it is angle-independent. RT-3DE can reflect the structure and function of left atrium 
more objectively than conventional echocardiography, but low resolution and image clarity could reduce the 
accuracy of RT-3DE measurement.

2D-STI is a practical technique with high accuracy, sensitivity, and specificity. Strain echocardiography has 
played a key role in the assessment of cardiac  diseases19. The image-processing algorithm could give a better eval-
uation of global and local myocardial deformation by tracking the speckle patterns in 2-D plane in 2D-STI28,29. 
2D-STI is superior to strain imaging by TDI because of the independence of the Doppler angle of  incidence30. 
Several studies have well evaluated the left ventricular deformation in RA patients by 2D-STI31–34. Although 
2D-STI was initially used to evaluated left ventricular function, it can also be used in the assessment of atrial 
function. Global longitudinal deformation parameters of left atrium were recommended since the LA myocar-
dium is thin and the sufficient detail could usually not be resolved by the echocardiographic images for reliable 
local tracking. The LA global deformation could be accurately assessed by the utilize of 2D-STI. Some studies 

Table 4.  Strain analysis. Data are presented as mean ± standard deviation. LASr strain during reservoir phase, 
LAScd strain during conduit phase, LASct strain during contraction phase, LAGLS left atrial global longitudinal 
strain. *Compared with control group, P < 0.05. # Compared with group I, P < 0.05.

Parameter Control Group I Group II P-value

LASr (%) 38.52 ± 3.17 28.82 ± 2.17* 18.42 ± 1.76*# < 0.001

LAScd (%) − 22.58 ± 1.91 − 15.59 ± 1.62* − 9.46 ± 2.60*# < 0.001

LASct (%) − 12.97 ± 1.53 -15.24 ± 4.70* − 6.94 ± 1.49*# < 0.001

LAGLS (%) 34.56 ± 3.61 28.06 ± 2.40* 17.38 ± 1.34*# < 0.001

Table 5.  Association between LAGLS and inflammation related indexes in RA patients. RF rheumatoid factor, 
Anti CCP anti-cyclic peptide containing citrulline.

Variable Correlation coefficient P-value

RF (IU/ml) − 0.12 0.28

Anti CCP (U/ml) − 0.10 0.37

Table 6.  Association between the clinical course and LA function parameters in RA patients. LAGLS left atrial 
global longitudinal strain, LASr left atrial strain during reservoir phase, LAScd left atrial strain during conduit 
phase, LASct left atrial strain during contraction phase, LAEF left atrial ejection fraction, LAPEF left atrial 
passive ejection fraction, LAAEF left atrial active ejection fraction.

Variable Correlation coefficient P-value

LAGLS (%) − 0.93 < 0.001

LASr (%) − 0.94 < 0.001

Absolute value of LAScd (%) − 0.90 < 0.001

Absolute value of LASct (%) − 0.73 < 0.001

LAEF (%) − 0.93 < 0.001

LAPEF (%) − 0.81 < 0.001

LAAEF (%) − 0.81 < 0.001
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Figure 4.  Linear correlations between LA strain parameters and the parameters of traditional LA function. 
Linear correlation between LASr and LAEF (A). Linear correlation between absolute value of LAScd and LAPEF 
(B). Linear correlation between absolute value of LASct and LAAEF (C).



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:21537  | https://doi.org/10.1038/s41598-021-00657-0

www.nature.com/scientificreports/

Figure 5.  Bland–Altman analyses. Bland–Altman analysis of LASr obtained by 2D-STI showed that there was 
a high consistency in interobservers (A). Bland–Altman analysis of LASr obtained by 2D-STI showed that there 
was a high consistency in intraobserver (B). Bland–Altman analysis of LAScd obtained by 2D-STI showed 
that there was a high consistency in interobservers (C). Bland–Altman analysis of LAScd obtained by 2D-STI 
showed that there was a high consistency in intraobserver (D). Bland–Altman analysis of LASct obtained 
by 2D-STI showed that there was a high consistency in interobservers (E). Bland–Altman analysis of LASct 
obtained by 2D-STI showed that there was a high consistency in intraobserver (F).
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have confirmed the usefulness of 2D-STI in evaluating LA  dysfunction35–37. We assessed the LASr, LAScd, LASct, 
and LAGLS by 2D-STI in our study and found remarkable differences between healthy persons and RA patients.

In this study, the Group II was significantly treated by corticosteroids. Our results revealed that the LV geom-
etry may be changed in RA patients and aggravated with the prolongation of the RA disease duration, which is 
in accordance with previous  study38. Chronic inflammation and long term use of immunosuppressive hormone 
drugs may contribute to the development of LV remodeling and LA enlargement. According to Frank Starling 
mechanism, the contractility of LA myocardium increases with the expansion of left atrium so as to maintain 
sufficient filling pressure. The long-term increase of LA pressure will lead to the further LA enlargement.

Our results indicated that the left ventricular diastolic function impaired in RA patients, which is in accord-
ance with previous  study39,40. Inflammatory factors, metabolic disorders, and drug effects in RA patients could 
bring increased left ventricular pressure and LA afterload, contributing to the LA enlargement. The less physical 
activity and the persistent inflammation in RA patients may lead to diastolic dysfunction. With the prolongation 
of RA duration, the left atrium further expanded and the left ventricular remodeling aggravated, resulting in the 
progression of diastolic dysfunction.

To the best of our knowledge, this is the first time to evaluate LASr, LAScd, and LASct in RA patients. These 
parameters could more specifically reflect the LA function of RA patients. Our results were in line with a study 
in patients with RA by Çetin et al.41 who demonstrated a reduction of LAGLS in RA patients. LAEF, LAPEF, and 
LAAEF reflect the LA reserve function, conduit function, and booster pump function respectively. Our findings 
showed that the LA strain parameters were positively correlated with the traditional LA function parameters. 
Additionally, the results of this study also showed that impaired LA function was associated with the clinical 
course of RA patients. Left ventricular hypertrophy and diastolic dysfunction may be caused by the less physi-
cal activity and the persistent inflammation in RA patients, which can lead to the impairment of LAEF, LAPEF, 
LAGLS, LASr, and LAScd. In order to maintain the stroke volume, the contractility of LA myocardium increases 
with the expansion of left atrium, which leads to an increase in LASct and LAAEF in Group I. With the prolonga-
tion of RA duration, long-term less physical activity, persistent inflammation, and hormone therapies, which have 
immunosuppressive effects, may lead to more advanced coronary artery disease and further LA enlargement and 
thus lead to the further decrease of LAEF, LAPEF, LAGLS, LASr, and LAScd. The overstretch of LA myocardium 
may cause the impairment of LAAEF and LASct. Moreover, the phenomenon that the inflammatory damage of 
RA is accumulated over the duration of inflammation and the inflammatory factors reflect the current level of 
disease activity and inflammation may result in no correlation between LAGLS and inflammatory markers. This 
study also indicated the good reproducibility of 2D-STI in the measurement of LASr, LAScd, LASct, and LAGLS.

Major limitation of the presented study is a single centre experience with small number of patients. Further 
multicenter studies of larger samples of RA patients are needed to confirm our findings. In addition, the findings 
of the study cannot be applied on patients with histories of cardiac involvements who were excluded from our 
study. Finally, we had not used cardiac magnetic resonance (CMR) as this modality had not yet been developed 
in our hospital. In future study, we will apply this technique to detect inflammation in the heart.

Conclusions
In RA patients with no clinical cardiovascular disease, the LA function is associated with the RA duration. 2D-STI 
is a convenient, accuracy, reproducible, and valuable method for assessing LA function in RA patients, which 
may be an important part of clinical judgment.
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