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Background: To investigate the feasibility of quantitatively assessing left ventricular function and 
synchronization and diagnose subclinical myocardial injury in patients with systemic lupus erythematosus 
(SLE) using two-dimensional (2D) longitudinal layer speckle tracking imaging (STI). 
Methods: This was a single-center prospective study. A total of 69 patients with SLE were included in the 
case group and further divided into 2 subgroups, a nonactive and an active group, according to the Systemic 
Lupus Erythematosus Disease Activity Index (SLEDAI) 2000 scoring standard. We selected 30 healthy 
volunteers as the control group. The global longitudinal strain (GLSglobal), global endocardial longitudinal 
strain (GLSendo), global epicardial longitudinal strain (GLSepi), and peak strain dispersion (PSD) were 
obtained. The transmural gradient of longitudinal strain (TGLS) was calculated for the difference in strains 
between the inner and outer membranes. 
Results: (I) Compared with the control group, decreased speckle strain parameters and elevated PSD 
were observed in patients with SLE (GLSglobal: −18.80%±2.41% vs. −21.19%±2.16%, GLSendo: 
−21.15%±2.47% vs. −24.09±2.49%; GLSepi: −16.58%±2.39% vs. −18.50±1.77%; TGLS: −4.56%±1.24% 
vs. −5.59%±1.39%; and PSD: 36.61±10.85 vs. 30.00±8.54 ms). More severely impaired layer strains were 
observed in active-stage patients. Compared with the nonactive group, GLSendo, GLSglobal, GLSepi, 
TGLS, complement C3, and complement C4 were decreased in the active group, while SLEDAI, 
erythrocyte sedimentation rate (ESR), and high-sensitivity C-reactive protein (Hs-CRP) were elevated. (II) 
Receiver operating characteristic (ROC) analysis demonstrated that subendocardial myocardial longitudinal 
strain was the most powerful tool for detecting myocardial insufficiency early in patients with SLE [area 
under the curve (AUC) =0.809], especially in patients in the active stage (AUC =0.734), and the optimal 
cut-off point was −21.35%, with a sensitivity of 71.9% and a specificity of 62.2%. (III) Correlation analysis 
revealed that GLSendo was moderately correlated with PSD, SLEDAI, ERS, Hs-CRP, and complement C3 
(correlation coefficients: 0.535, 0.428, 0.659, 0.559, and −0.440, respectively). 
Conclusions: Subclinical myocardial injury in patients with SLE can be assessed early using 2D 
longitudinal STI, and the injury is more obvious in active-stage patients. Endocardial longitudinal strain is 
a more sensitive index than epicardial longitudinal strain for the early detection of subclinical myocardial 

2960

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-805


Zhong et al. Subclinical myocardial injury in SLE2948

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(5):2947-2960 | https://dx.doi.org/10.21037/qims-21-805

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease 
with cardiac involvement and is characterized by the formation 
of autoantibodies and deposition of immune complexes. It is 
associated with higher cardiovascular morbidity and mortality 
(1,2). The diagnosis of myocardial insufficiency remains a 
challenge, because symptoms in patients with SLE are often 
mild, and myocardial involvement may be present even 
asymptomatically, particularly at the early stage. Previous 
studies have found that in patients with SLE, the detection 
rate of myocardial damage during autopsy is up to 50%, 
while the clinical diagnosis rate is only approximately 7–10% 
(3). The current commonly used tools, such as transthoracic 
echocardiography and laboratory data, have low sensitivity 
for detecting subclinical myocardial dysfunction. Speckle 
tracking echocardiography (STE) has been shown to be a 
more reproducible and sensitive technology than conventional 
echocardiography. The latter is an angle-independent 
quantification of myocardial deformation, which does not 
require the use of the Doppler technique (4). A previous 
study showed that STE can be used to evaluate changes in 
left ventricular function in patients with SLE (5). The left 
ventricular wall is composed of 3 layers of myocardium, and 
the endocardial layer is most prone to ischemic injury. The 
purpose of this study was to quantitatively analyze the changes 
of layer-specific myocardial strain in patients with SLE, and 
provide a technique for the diagnosis of myocardial damage.

We present the following article in accordance with 
the Standards for Reporting Diagnostic accuracy studies 
(STARD) reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-805/rc).

Methods

Study population

This was a single-center prospective study. The case group 
was recruited as a convenience sample, and the control 

group was recruited randomly. A total of 69 patients with 
SLE admitted to Shenzhen People’s Hospital between May 
2020 and June 2021 with left ventricular ejection fraction 
(LVEF) >50% were selected as Group A. All of the above 
patients met the diagnostic criteria for SLE recommended 
by the American Society of Rheumatology in 1997 (6). The 
SLE disease activity index was evaluated using the Systemic 
Lupus Erythematosus Disease Activity Index 2000 (SLEDAI 
2000) scoring system. Based on the scores, participants 
were divided into 2 subgroups: an inactive stage group (A1, 
SLEDAI-2000: 0–4 points) and an active-stage group (A2, 
SLEDAI-2000: ≥5 points). The exclusion criteria were as 
follows: patients with severe valvular heart disease, essential 
hypertension, diabetes, cardiomyopathy, coronary heart 
disease, hyperthyroidism, congenital heart disease, and poor 
image quality. A total of 30 healthy volunteers who had 
no abnormalities were selected as the control group. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Institutional Ethics Board of Shenzhen People’s 
Hospital, and written informed consent was provided by all 
individual participants.

Image acquisition

Echocardiographic studies were performed with a 
commercially available system (Vivid E95 M5sc1.4-
4.6 mHz transducer GE Vingmed, Horton, Norway). 
Patients were scanned in the left decubitus position while 
breathing calmly while connected to the synchronous 
electrocardiogram, and the frame rates were set at 51–70 
frames/second. The standard two-dimensional (2D) 
images consisting of 4 cardiac cycles were saved in cine-
loop digital format for offline analysis. Left ventricular 
end-diastolic/systolic anteroposterior diameter (LVDd/
LVDds), left ventricular end-diastolic volume (LVEDV), 
left ventricular end-diastolic septal thickness (IVSd), left 
ventricular end-diastolic posterior wall thickness (LVPWd), 
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left atrium anteroposterior diameter (LAD), and left 
atrium maximum volume (LAVmax) were measured. The 
LVEF was measured using the modified Simpson biplane 
method. Peaks E and A of the mitral flow velocity were 
measured using a pulse Doppler. Tissue Doppler imaging 
was used to measure septal and lateral mitral annular early 
myocardial relaxation velocities from the apical 4-chamber 
view. The measurements and calculated formulas of the 
parameters in our study followed the 2015 American 
Society of Echocardiography and the European Association 
of Cardiovascular Imaging recommendations for chamber 
quantification (7). 

Offline analysis

The images were imported into EchoPAC (version 203, GE, 
Vingmed Ultrasound, Horton, Norway) software, QAnalysis-
2D Strain mode was used for tracking of myocardial 
motion, the endocardial boundary was manually traced, 

and the software automatically divided the left ventricular 
myocardium into 3 layers. The unsatisfactory delineation 
of segments could be adjusted again to ensure satisfactory 
tracking. According to a bull's eye diagram, layer strain data 
of 17 segments were obtained. The system automatically 
calculated values of global endocardial longitudinal strain 
(GLSendo), global longitudinal strain (GLSglobal), global 
epicardial longitudinal strain (GLSepi), and peak strain 
dispersion (PSD) (Figure 1), and then calculated transmural 
gradient of longitudinal strain (TGLS) = GLSendo − 
GLSepi. Then, the right ventricle (RV) endocardium in focus 
on the right ventricular apical 4-chamber view was manually 
traced. Only RV free wall (RVFW) segmental strain was 
analyzed. The parameters of GLSglobal, GLSendo, and 
GLSepi were measured in the RVFW for basal, middle, and 
apical segments, respectively. The above operations and data 
measurements were made according to relevant guidelines (8).  
The analysis was performed by an experienced sonographer, 
who had no knowledge of the clinical data.

Figure 1 Layer speckle longitudinal peak strain curves of the apical 4-chamber, apical 2-chamber, and apical 3-chamber in normal patients. 
Longitudinal peak strain of 17 segments and bull’s eye diagram of normal patients. GLSglobal, GLSendo, GLSepi, and PSD are shown in 
the lower right corner of the diagram. GLSglobal, global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, 
global epicardial longitudinal strain; PSD, peak strain dispersion.
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Intra- and inter-observer variability

A total of 15 participants were randomly selected and 
remeasured by 2 observers blinded to patient clinical 
data. Intraobserver variability was measured for the same 
sonographer on offline data at different points in time (the 
interval was 1 week).

Statistical analysis

The software SPSS 25.0 (IBM Corp., Chicago, IL, USA) 
was used for statistical analysis. Data are presented as 
mean ± SD, numbers, and median (interquartile range), 
respectively. The chi-square test (categorical variables) 
or Student’s t-test (continuous variables) were used to 
determine differences between 2 groups. The Mann-
Whitney U test was used for nonnormally distributed 
continuous variables. Comparisons of means between the 
3 groups were performed by analysis of variance (ANOVA) 
with a least significant difference post hoc correction for 
multiple comparisons. The correlation between variables 
was detected using Pearson’s test for data consistent with 
a normal distribution, while Spearman’s test was used for 
abnormally distributed data. The areas under the receiver 
operating characteristic (ROC) curves (AUC) were used for 
early detection of myocardial injury. A P value <0.05 was 
considered statistically significant. Intraclass correlation 
coefficient (ICC) and Bland-Altman analysis were used to 
estimate inter- and intra-observer variability. All participants 
had complete parameters.

Results

Comparison of basic clinical data and echocardiography 
data

We included 69 patients with SLE, based on previous annual 
hospital admissions. There were 10 males and 59 females 
in Group A (age: 18–61 years, average: 38.78±11.27 years).  
There were 37 cases in the A1 group (4 male, 33 females, 
age: 39.68±10.86 years) and 32 cases in the A2 group  
(6 males, 26 females, age: 37.75±11.82 years). There were 
6 males and 24 females in Group B (age: 26–55 years, 
average: 41.73±8.81 years). Compared with the control 
group, patients with SLE had lower LVEF and septal E', 
and LVDs, LAD, and IVSd were increased (all P<0.05). 
There were no statistically significant differences in other 
conventional ultrasound indicators and clinical data. 

Patients with inactive SLE (A1) and active SLE (A2) were 
compared with the control group. Heart rate (HR), LAD, 
and IVSd in active patients with SLE were increased and 
septal E' was decreased, with no statistically significant 
differences in the other indicators. Compared with the A1 
group, systolic blood pressure (SBP), SLEDAI, erythrocyte 
sedimentation rate (ESR), and high-sensitivity C-reactive 
protein (Hs-CRP) in the A2 group were increased, while 
complements C3 and C4 were decreased (P<0.05), and there 
was no statistically significant difference in the remaining 
indicators (Tables 1,2).

Comparison of myocardial strain parameters

(I) C o m p a r e d  w i t h  G r o u p  B ,  G L S g l o b a l  ( A : 
−18.80%±2.41%, B: −21.19%±2.16%), GLSendo (A: 
−21.15%±2.47%, B: −24.09%±2.49%), GLSepi (A: 
−16.58%±2.39%, B: −18.50%±1.77%), and TGLS (A: 
−4.56%±1.24%, B: −5.59%±1.39%) were decreased 
in Group A, while PSD (A: 36.61±10.85 ms, B: 
30.00±8.54 ms) was increased (P<0.05). Compared 
with Group B, GLSendo (A1: −22.14%±2.21%), 
GLSglobal (A1: −19.54%±2.21%), GLSepi (A1: 
−17.17%±2.23%), and TGLS (A1: −4.97±1.16) in 
Group A1 were also decreased, while PSD (A1: 
35.16±11.42 ms) was increased. Compared to 
Group B, GLSglobal (−17.95%±2.39%), GLSendo 
(−20.00%±2.27%), GLSepi (−15.91%±2.42%), PSD 
(38.28±10.06 ms), and TGLS (−4.09%±1.17%) in 
Group A2 were decreased, and PSD was increased 
significantly. Compared with the A1 group, the strain 
parameters in Group A2 were all reduced except for 
PSD (P<0.05) (Table 3).

(II) Compared with Group B, some segmental strain 
reductions were statistically significant, while some 
data were not statistically significant in patients with 
SLE. Comparisons of means between the 3 groups 
using ANOVA with least significant difference post 
hoc correction for multiple comparisons showed that 
the strain changes of the differences between some 
segments were still statistically significant between 3 
groups (Tables S1-S3).

(III) Compared with Group B, although the layer strain 
values of the free wall of the RV were reduced 
in patients with SLE, the differences were not 
statistically significant, and the reduction was still not 
significant in active patients (Table S4).

https://cdn.amegroups.cn/static/public/QIMS-21-805-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-21-805-supplementary.pdf
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Table 1 Clinical characteristics of the study groups

Variables A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

Age (years) 38.78±11.27 39.68±10.86 37.75±11.82 41.73±8.81 0.206 0.432 0.143 0.454

Male (n) 10 4 6 6 0.556 0.324 1.000 0.496

Height (cm) 160.49±6.48 158.92±8.18 162.31±7.26 160.13±8.08 0.359 0.474 0.216 0.044

Weight (kg) 57.23±10.13 55.78±8.45 58.91±11.70 56.10±10.78 0.618 0.901 0.286 0.212

BSA (m2) 1.59±0.15 1.56±0.12 1.62±0.17 1.57±0.17 0.681 0.671 0.215 0.084

HR (bpm) 78.12±11.96 76.03±10.90 80.53±10.69 73.70±10.83 0.067 0.383 0.015 0.088

SBP (mmHg) 118.14±16.64 114.38±14.92 122.50±17.69 113.80±11.01 0.381 0.815 0.057 0.025

Duration (years) 8.68±7.16 9.59±7.62 7.63±6.14 – – – – 0.262

SLEDAI 5.46±3.91 2.57±1.32 8.81±3.14 – – – – 0.000

ESR (mm/h) 28.19±21.64 20.14±13.45 37.50±25.49 – – – – 0.001

Hs-CRP (mg/L) 10.94±11.24 7.63±8.69 14.78±12.64 – – – – 0.007

C3 (g/L) 0.74±0.19 0.83±0.13 0.63±0.20 – – – – 0.000

C4 (g/L) 0.13±0.07 0.15±0.07 0.11±0.07 – – – – 0.010

P1: significantly different (P<0.05) compared with Groups A and B. P2: significantly different (P<0.05) compared with the Groups A1 and 
B. P3: significantly different (P<0.05) compared with Groups A2 and B. P4: significantly different (P<0.05) compared with Groups A1 and 
A2. BSA, body surface area; HR, heart rate; SBP, systolic blood pressure; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; 
ESR, erythrocyte sedimentation rate; Hs-CRP, high-sensitivity C-reactive protein; C3, complement 3; C4, complement 4.

An ROC curve was used to analyze the value of strain 
parameters in early assessment of subclinical myocardial 
injury

GLSendo was more capable of early and sensitive 
identification of subclinical myocardial injury in patients 
with SLE, with the AUC was 0.809 [95% confidence 
interval (CI): 0.714 to 0.905], other parameters for 
detecting myocardial injury were GLSglobal (AUC =0.765), 
GLSepi (AUC =0.736), PSD (AUC =0.692), and LVEF 
(AUC =0.385) (Table 4 and Figure 2). The GLSendo was 
also superior to GLSglobal, GLSepi, PSD, and LVEF in 
the early assessment of subclinical myocardial injury in 
patients with active SLE, and the AUC was 0.734 (95% CI: 
0.617 to 0.851), while the other AUCs were about 0.674, 
0.627, 0.564, and 0.517, respectively. The optimal cut-off 
point of GLSendo for the assessment of myocardial injury 
in patients with active SLE was −21.35%, with a sensitivity 
of 71.9% and a specificity of 62.2% (Table 5, Figure 3).

Correlation analysis

Moderate correlations were observed between PSD, SLEDAI, 
ESR, Hs-CRP, and complement C3 (correlation coefficients 

0.535, 0.428, 0.659, 0.559, and −0.440, respectively), but 
no significant correlations were found between LVEF and 
complement C4 (correlation coefficients −0.350 and −0.259, 
respectively). The correlation coefficients of GLSglobal with 
PSD, ESR, Hs-CRP, complement C3, and LVEF were about 
0.506, 0.622, 0.542, −0.359, and −0.350, respectively, and 
GLSglobal had no significant correlation with SLEDAI and 
complement C4. The correlation coefficients of GLSepi with 
PSD, ESR, Hs-CRP, and LVEF were about 0.524, 0.571, 
0.502, and −0.307 respectively, while there was no significant 
correlation with SLEDAI, complement C3, and complement 
C4 (Table 6, Figure 4).

Intra- and inter-observer variability

The ICCs for repeated measurements by the same observer 
and between 2 different observers were excellent for 
GLSendo, GLSglobal, and GLSepi (intraobserver: 0.944, 
0.921, and 0.892, respectively, and interobserver: 0.927, 
0.920, and 0.867, respectively) (Table 7). Bland-Altman 
analysis showed good interobserver and intraobserver 
repeatability and consistency in the analysis of various 
indexes of strain (Figures 5,6).
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Table 2 Conventional echocardiographic parameters in the study groups

Variables A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

LVDd (mm) 45.06±3.18 45.27±4.03 44.81±3.60 43.57±3.79 0.077 0.073 0.409 0.621

LVDs (mm) 28.29±3.25 28.57±3.27 27.97±3.24 26.63±3.42 0.024 0.019 0.115 0.455

LVEF (%) 67.19±4.41 67.08±4.54 67.31±4.32 69.40±5.42 0.035 0.050 0.080 0.841

LVEDV (mL) 89.59±17.63 87.84±12.16 91.63±22.40 87.53±12.11 0.561 0.939 0.322 0.335

IVSd (mm) 8.84±1.08 8.57±0.96 9.16±1.14 8.60±1.00 0.301 0.899 0.037 0.020

LVPWd (mm) 7.99±1.18 7.78±0.89 8.22±1.43 8.00±1.17 0.955 0.454 0.464 0.127

E (m/s) 0.84±0.18 0.83±0.17 0.84±0.20 0.86±0.20 0.513 0.463 0.699 0.732

A (m/s) 0.68±0.18 0.65±0.15 0.71±0.21 0.65±0.18 0.554 0.909 0.220 0.160

E/A 1.29±0.36 1.35±0.42 1.23±0.26 1.38±0.37 0.280 0.704 0.114 0.119

Septal E' (cm/s) 9.26±2.47 9.56±2.80 8.91±1.99 10.53±2.34 0.019 0.109 0.010 0.262

Latal E' (cm/s) 13.04±3.08 13.43±3.08 12.59±3.06 13.87±3.15 0.277 0.569 0.109 0.264

LAD (mm) 31.97±3.24 31.46±3.22 32.56±3.20 30.50±1.94 0.023 0.179 0.060 0.117

LADI (mm/m2) 20.28±2.53 20.28±2.31 20.27±2.80 19.57±2.22 0.190 0.240 0.268 0.975

LAVmax (mL) 30.26±10.90 29.73±9.26 30.88±12.66 29.17±9.10 0.636 0.829 0.526 0.655

LAVI (mL/m2) 19.06±6.51 19.12±5.93 18.98±7.24 18.59±5.95 0.736 0.733 0.810 0.925

P1: significantly different (P<0.05) compared with Groups A and B. P2: significantly different (P<0.05) compared with the Groups A1 and 
B. P3: significantly different (P<0.05) compared with Groups A2 and B. P4: significantly different (P<0.05) compared with Groups A1 
and A2. LV, left ventricular; LVDd, LV end-diastolic anteroposterior diameter; LVDs, LV end-systolic anteroposterior diameter; LVEF, left 
ventricular ejection fraction; LVEDV, LV end-diastolic volume; IVSd, LV end-diastolic septal thickness; LVPWd, LV end-diastolic posterior 
wall thickness; LAD, left atrium anteroposterior diameter; LADI, left atrial anteroposterior diameter index; LAVmax, left atrium maximum 
volume; LAVI, left atrium maximum volume index.

Table 3 Layer speckle strain parameters in study groups

Variables A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

GLSglobal (%) −18.80±2.41 −19.54±2.21 −17.95±2.39 −21.19±2.16 0.000 0.004 0.000 0.013

GLSendo (%) −21.15±2.47 −22.14±2.21 −20.00±2.27 −24.09±2.49 0.000 0.001 0.000 0.000

GLSepi (%) −16.58±2.39 −17.17±2.23 −15.91±2.42 −18.50±1.77 0.000 0.014 0.000 0.018

PSD (ms) 36.61±10.85 35.16±11.42 38.28±10.06 30.00±8.54 0.004 0.042 0.020 0.207

TGLS (%) −4.56±1.24 −4.97±1.16 −4.09±1.17 −5.59±1.39 0.000 0.044 0.000 0.040

P1: significantly different (P<0.05) compared with Groups A and B. P2: significantly different (P<0.05) compared with Groups A1 and B. 
P3: significantly different (P<0.05) compared with Groups A2 and B. P4: significantly different (P<0.05) compared with Groups A1 and A2. 
GLSglobal, global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain; PSD, 
peak strain dispersion; TGLS, transmural gradient of longitudinal strain. 

Discussion

In this study, the intimal, epicardial myocardial, and overall 
LV myocardial function were all impaired in both active and 
inactive patients with SLE, and the myocardial injury was 
more obvious in patients with active SLE, especially in the 

intimal myocardium. The ROC curve analysis found that 
GLSendo was superior to GLSglobal, and that GLSepi can 
sensitively detect subclinical myocardial injury in patients 
with SLE at an early stage, which highlighted its superiority 
for use in active-stage patients. These results suggest that 
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Table 4 ROC curve analysis for the detection of subclinical myocardial injury in patients with SLE

Variables GLS global GLSendo GLSepi PSD (ms) LVEF (%)

AUC 0.765 0.809 0.736 0.692 0.385

AUC 95% CI 0.664–0.866 0.714–0.905 0.634–0.839 0.580–0.804 0.253–0.516

Cutoff value −20.25% −22.85% −18.05% 30.50% –

Sensitivity 71% 82.6% 69.6% 71% –

Specificity 63.3% 70% 60% 60% –

ROC, receiver operating characteristic; SLE, systemic lupus erythematosus; AUC, area under the curve; CI, confidence interval; 
GLSglobal, global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain; PSD, 
peak strain dispersion: LVEF, left ventricular ejection fraction

Figure 2 ROC curve for the detection of subclinical myocardial injury in patients with systemic lupus erythematosus. GLSendo was the 
most powerful index of detecting myocardial injury (AUC =0.809). The AUC of GLSglobal, GLSepi, and PSD were 0.765, 0.736, and 0.692, 
respectively. ROC, receiver operating characteristic; AUC, area under the curve; GLSglobal, global longitudinal strain; GLSendo, global 
endocardial longitudinal Strain; GLSepi, global epicardial longitudinal strain; PSD, peak strain dispersion.

assessment of layer speckled strain can be of valuable help 
as an additional clinical tool in the diagnosis of subclinical 
myocardial injury in patients with SLE.

Effect of LV layer myocardial strain in patients with SLE

The LV wall of the heart comprises 3 myocardial layers: 
the inner oblique, middle circular, and outer oblique 

myocardial layers. The 3 layers function differently in 
normal myocardial deformations, and the endocardium 
undergoes greater dimensional changes (both thickening and 
shortening) during systole than does the epicardium (9-11).

A previous study showed (12) that LV whole strain can 
evaluate LV systolic function of patients with SLE and 
found that GLSglobal was reduced in patients with SLE. 
We obtained the same result. The GLSglobal as a measure 
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Figure 3 ROC for the detection of subclinical myocardial injury in patients with SLE during the active stage. GLSendo was the most 
powerful index of detecting myocardial injury (AUC =0.734). ROC, receiver operating characteristic; AUC, area under the curve; SLE, 
systemic lupus erythematosus; GLSglobal, global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, global 
epicardial longitudinal strain; PSD, peak strain dispersion.

Table 5 ROC curve analysis for the detection of subclinical myocardial injury in patients with SLE during active stage

Variables GLSglobal GLSendo GLSepi PSD (ms) LVEF (%)

AUC 0.674 0.734 0.627 0.564 0.517

AUC 95% CI 0.547–0.800 0.617–0.851 0.495–0.759 0.427–0.700 0.380–0.655

Cutoff value −19.10% −21.35% −16.85% – –

Sensitivity 68.8% 71.9% 62.5% – –

Specificity 62.2% 62.2% 56.8% – –

ROC, receiver operating characteristic; SLE, systemic lupus erythematosus; AUC, are under the curve; CI, confidence interval; GLSglobal, 
global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain; PSD, peak strain 
dispersion; LVEF, left ventricular ejection fraction. 

of longitudinal fiber performance, which is vulnerable to 
the influence of ischemia and fibrosis. It can detect subtle 
changes in LV systolic function. The LV myocardium 
is mainly composed of longitudinal fibers (13). Some 
studies (14,15) have shown that the longitudinal peak 
strain obtained using 2D speckle imaging technology has 
excellent clinical value in predicting different heart disease 
models; however, when analyzing myocardial function, we 

should not only focus on the function of the myocardium 
as a whole, but also consider the differences between the 
myocardium layers of the myocardium. If the technique 
allows a specific layer of myocardial function analysis, 
it has the potential to increase the understanding of the 
morphology and pathophysiology of myocardial ischemia 
and to help improve the characteristics of patients with 
SLE. In this study, longitudinal layer strain analysis was 
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Figure 4 Correlation analysis of endocardial and epicardial myocardium strain with inflammatory indexes (scatter plot). GLSendo, global 
endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain; Hs-CRP, high-sensitivity C-reactive protein; ESR, erythrocyte 
sedimentation rate.

Table 6 The GLSglobal, GLSendo, GLSepi, and other parameters correlation analysis

Variables PSD LVEF SLEDAI ESR Hs-CRP C3 C4

GLSglobal 0.506 −0.350 – 0.622 0.542 −0.359 –

GLSendo 0.535 −0.350 0.428 0.659 0.559 −0.440 –

GLSepi 0.524 −0.307 – 0.571 0.502 – –

GLSglobal, global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain; PSD, 
peak strain dispersion; LVEF, left ventricular ejection fraction; SLEDAI, Systemic Lupus Erythematosus Disease Activity Index; ESR, 
erythrocyte sedimentation rate; Hs-CRP, high-sensitivity C-reactive protein; C3, complement 3; C4, complement 4.
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conducted on patients with SLE, and it was found that the 
layers of myocardial function of patients with SLE were 
impaired to varying degrees. The decrease of myocardial 
strain in both the endocardium and epicardium in patients 
with SLE may be due to several factors: first, the myocardial 
layer deformation may not be independent. Contraction of 
the nonischemic myocardium can lead to deformation of 
adjacent ischemic muscles by passive translation or tethered 
motion. Conversely, the ischemic myocardium may 
have a negative effect on the contraction of the adjacent 
nonischemic myocardium; second, with the progression 

of the disease, the subendocardial myocardium is involved 
initially, the middle myocardium is involved later, and the 
epicardial myocardium is affected finally. We also found 
that the myocardial damage was more obvious in the active 
phase of the disease. It may be related to the mechanism 
of SLE involving the myocardium: first, the inflammatory 
reaction to immune complex deposition in patients; second, 
coronary atherosclerotic action occurs; in addition, long-
term medications such as glucocorticoids can accelerate or 
lead to atherosclerosis, and antiphospholipid antibodies lead 
to arterial thrombosis (16,17). When the disease is active, 

Table 7 ICCs for intra- and inter-observer variability for layer-speckle longitudinal peak strain parameters 

Variables GLSglobal GLSendo GLSepi 

Intraobserver 0.921 0.944 0.892

Interobserver 0.920 0.927 0.867

ICCs, intraclass correlation coefficients; GLSglobal, global longitudinal strain; GLSendo, global endocardial longitudinal strain; GLSepi, 
global epicardial longitudinal strain.

Figure 5 Bland-Altman plots of: intraobserver agreement for GLSglobal, GLSendo, and GLSepi. GLSglobal, global longitudinal strain; 
GLSendo, global endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain.

Figure 6 Bland-Altman plots of interobserver agreement for GLSglobal, GLSendo, and GLSepi. GLSglobal, global longitudinal strain; 
GLSendo, global endocardial longitudinal strain; GLSepi, global epicardial longitudinal strain. 
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the activation of macrophages is more obvious, and the 
activation of macrophages enhances the proinflammatory 
process of SLE coronary disease (18), which may further 
worsen cardiac function. The PSD is a new parameter 
derived from 2D-STI to reflect the synchronicity of 
myocardial contraction. The smaller the value, the better the 
synchronicity. The PSD has a high application value as an 
indicator in the evaluation of myocardial coordination (13).  
In this study, it was found that the PSD in the SLE group 
was higher than that in the control group, suggesting that 
the subclinical synchronization of LV wall motion decreased 
in patients with SLE. The reason may be that deposition of 
antigen and/or antibody complexes activate an inflammatory 
response that may involve the conduction system in the 
heart, leading to changes in its structure or function. 

The application of 2D dot stratification technology to 
evaluate the myocardial injury and prognosis of patients 
with SLE has great potential value, which needs to be 
verified by further studies with large samples.

Endocardial myocardial strain is an early and sensitive 
indicator of subclinical myocardial injury in SLE

Immunofluorescence experiments in patients with SLE 
have shown that there are fine granular immune complexes 
and complement deposits in the perimyocardial tissue, 
supporting the hypothesis that lupus myocarditis can be 
mediated by immune complexes (19). The endocardial 
myocardium of healthy people has the most obvious 
deformation, and the endocardium is the first to be affected 
by ischemia. We found that the ROC curve showed that 
GLSendo was more sensitive than GLSepi in the early 
detection of subclinical myocardial injury in patients with 
SLE, and this was still reflected in the active subgroup, with 
AUCs of 0.809 and 0.734, respectively. Coronary artery 
lesions and endocarditis caused by antigen and/or antibody 
complex in patients with SLE mainly cause collagen 
fibrous degeneration of the inner myocardial interstitium 
and microvascular lesions in the subendocardial layer. 
Longitudinal myocardial strain function of the endocardial 
layer can be impaired in the early stage of the disease, and 
over time, the strain function of the medial and outer layers 
of the myocardium become impaired, with the expansion of 
the extent of damage to the whole layer of the myocardium 
and to the supply to the myocardium of the coronary artery. 
The TGLS is defined as the difference of longitudinal strain 
between the overall endocardial myocardium and epicardial 
myocardium of the LV, and its use has been shown to reflect 

specific endocardial injury (20). In this study, TGLS in SLE 
was lower than that in the control group, and the decrease 
of SLE in the active phase was more obvious. The TGLS is 
a good indicator of endocardial myocardium-specific injury 
in patients with SLE. 

These results indicate that the endocardial myocardium 
in SLE is the most prone to specific injury, and the 
endocardial myocardium strain in the layer speckle tracking 
technique can detect subclinical myocardial injury in an 
early and sensitive way, which can provide an important 
reference value for early clinical intervention and treatment.

Effect of inflammatory activity on myocardial strain in SLE

The activity of SLE disease is assessed by the SLEDAI score, 
where 0–4 points indicates basically no activity; 5–9 points 
light activity; 10–14 points moderate activity; and ≥15 severe 
activity. Previous studies have shown that the SLEDAI 
score is significantly correlated with cardiac damage in 
patients with SLE, and the higher disease activity in 
patients with SLE, the greater the damage to the heart (21).  
In this study, SLE was divided into an active and inactive 
group according to the SLEDAI score, and it was found that 
the subclinical myocardial injury of patients in the active 
stage was more obvious than that of patients in the inactive 
stage, which is consistent with the above research results. A 
possible reason is that the infiltration of inflammatory cells 
and the degeneration of fibrin and the edema of connective 
tissue between muscle bundles are more significant in 
active-stage SLE patients (22). It is also possible that related 
antibodies such as antimyocardial antibodies are deposited 
in myocardial cells during the active phase, thus affecting 
myocardial function. The above features can lead to vascular 
endothelial damage and coronary artery lesions, prompting 
corresponding regional ischemic injury (23,24).

When SLE is active, a large amount of C3 and C4 in 
serum is consumed and, at the same time, deposited in 
the skin basement membrane zone. The C3 and C4 levels 
decreased significantly during SLE activity. The level of C3 
and C4 can be used as an important indicator to observe 
the disease activity of SLE (25). In this study, the levels of 
C3 and C4 in the active subgroup were lower than those 
in the inactive subgroup. In addition, ESR and Hs-CRP 
in the active subgroup in this study were higher than those 
in the inactive subgroup. Previous studies have shown that 
ESR in patients with active SLE is mostly increased, while 
ESR in clinical remission is basically normal, suggesting 
that ESR detection can dynamically observe changes in 
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disease activity in patients with SLE (26,27). The Hs-CRP 
is an acute response protein, which has been shown to be 
associated with disease activity in autoimmune diseases 
such as rheumatoid arthritis and vasculitis. The Hs-CRP 
level was correlated with SLEDAI score, which in turn 
is associated with myocarditis (28). In addition, using 
correlation analysis, we found that GLSendo and GLSepi 
had a certain correlation with the inflammatory indexes of 
disease activity, while endometrial cardiomyopathy had a 
slightly stronger correlation with the inflammatory indexes 
(such as ESR and Hs-SRP) of disease activity. The reason 
may be related to the mechanism of the above-mentioned 
diseases affecting the myocardial function (16,17,22-24). 
In our study, the ICCs for repeated measurements by the 
same observer and between 2 different observers were 
excellent for layer speckle strains. In conclusion, subclinical 
myocardial injury is present in patients with SLE, especially 
when the disease is in the active phase, and the layer 
strain technique can quantitatively assess the subclinical 
myocardial injury in these patients. The endocardial 
myocardial strain index is not only more sensitive in the 
evaluation of subclinical myocardial injury in patients with 
SLE, but also has a better correlation with clinical test 
index in reflecting the degree of disease activity, which is an 
important reference value for early intervention treatment 
of patients.

Limitations

There were several limitations to this study. The sample 
size was relatively small. Most patients in the active phase 
subgroup were moderately active, while few patients were 
severe active, and this study did not provide further detail of 
the latter subgroup.

Although this study included some indicators of disease 
activity, other indicators, such as serum factor, were not 
included. This study included hierarchical strain data 
and clinical data, no strong correlation was observed for 
patients who underwent alternations between periods of 
inactivity and activity for a long time, or patients with 
receiving different drug treatments. The patients included 
in this study were not patients diagnosed with SLE for the 
first time and had already been treated with drugs, and as 
such the effects of drugs could not be separately reported. 
While there may be associations with these factors, such 
associations need to be verified with larger samples.

Image quality can affect the results of stratified strain 
data analysis. Patients whose image quality was too poor to 

be analyzed were excluded from this study.
At present, there is no imaging technology as the gold 

standard for the detection of SLE myocardial injury. 
Magnetic resonance imaging (MRI) has become an 
important cardiac imaging technology with its unique 
advantages. However, the number of patients willing to 
undergo MRI was small in this study, and as such we cannot 
compare our results with MRI-based results. Therefore, 
this result needs to be verified further.
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Supplementary

Table S1 Basal layer-speckle strain parameters in study groups

A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

Basal-GLSglobal

Anterior -15.81±5.60 -16.54±6.38 -14.97±4.49 -17.77±2.34 0.069 0.305 0.025 0.182

Anteroseptal -15.84±3.34 -16.35±3.66 -15.25±2.87 -17.03±2.67 0.037 0.221 0.012 0.149

Septal -16.51±3.15 -16.70±3.20 -16.28±3.12 -18.83±2.32 0.000 0.004 0.001 0.553

Inferior -19.45±4.34 -20.54±4.32 -18.19±4.07 -22.37±2.86 0.000 0.056 0.000 0.013

Posterior -18.17±3.57 -19.03±2.79 -17.19±4.13 -20.67±2.99 0.001 0.048 0.000 0.025

Lateral -16.09±4.22 -17.05±4.38 -14.97±3.79 -17.90±3.07 0.019 0.371 0.003 0.026

Basal-GLSendo

Anterior -17.35±4.08 -18.90±2.44 -18.51±3.15 -18.90±2.44 0.056 0.657 0.002 0.004

Anteroseptal -16.59±3.60 -17.35±3.81 -15.72±3.19 -17.83±3.06 0.104 0.565 0.016 0.049

Septal -16.59±3.17 -16.89±3.31 -16.25±3.03 -19.03±2.59 0.000 0.005 0.000 0.380

Inferior -19.62±4.79 -20.92±5.18 -18.13±3.84 -23.00±3.46 0.001 0.052 0.000 0.008

Posterior -18.88±3.96 -20.05±3.64 -17.53±3.94 -21.67±3.62 0.001 0.082 0.000 0.006

Lateral -17.17±4.23 -18.27±4.38 -15.91±3.72 -19.33±3.47 0.016 0.271 0.001 0.014

Basal-GLSepi

Anterior -15.80±4.08 -16.78±2.96 -14.66±4.88 -16.97±2.46 0.082 0.836 0.013 0.016

Anteroseptal -15.29±3.06 -15.76±3.41 14.75±2.55 -17.30±1.89 0.000 0.024 0.000 0.132

Septal -16.00±2.83 -16.49±2.80 -15.44±2.81 -18.57±2.10 0.000 0.002 0.000 0.099

Inferior -19.16±3.93 -20.05±3.66 -18.13±4.03 -21.83±2.69 0.000 0.043 0.000 0.026

Posterior -17.61±3.20 -18.43±2.72 -16.66±3.48 -19.77±2.91 0.002 0.077 0.000 0.017

Lateral -15.13±4.30 -16.14±4.45 -13.97±3.88 -16.57±3.17 0.104 0.655 0.010 0.024

P1: Significantly different (P<0.05) compared with the groups A and B. P2: Significantly different (P<0.05) compared with the groups A1 
and B. P3: Significantly different (P<0.05) compared with the groups A2 and B. P4: Significantly different (P<0.05) compared with the 
groups A1 and A2. GLSglobal: Global Longitudinal Strain; GLSendo: Global Endocardial Longitudinal Strain; GLSepi: Global Epicardial 
Longitudinal Strain. 
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Table S2 Middel layer-speckle strain parameters in study groups

A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

Mid-GLSglobal

Anterior -17.88±3.70 -18.81±3.02 -16.81±4.15 -18.80±2.55 0.220 0.989 0.020 0.014

Anteroseptal -19.54±3.61 -20.16±4.00 -18.81±3.01 -20.97±3.17 0.064 0.346 0.016 0.109

Septal -19.39±3.16 -19.70±2.90 -19.03±3.45 -21.40±2.74 0.003 0.025 0.003 0.363

Inferior -21.06±4.01 -21.95±4.03 -20.03±3.79 -23.83±3.29 0.001 0.043 0.000 0.037

Posterior -19.20±2.84 -19.65±2.90 -18.69±2.73 -21.73±3.12 0.000 0.004 0.000 0.175

Lateral -17.55±3.75 -18.41±3.50 -16.56±3.84 -19.73±2.96 0.006 0.122 0.000 0.030

Mid-GLSendo

Anterior -19.46±3.90 -20.73±2.99 -18.00±4.34 -21.27±3.30 0.029 0.541 0.000 0.002

Anteroseptal -22.01±3.90 -23.24±3.80 -20.59±3.57 -24.17±3.80 0.013 0.316 0.000 0.004

Septal -20.59±3.44 -21.00±3.28 -20.13±3.61 -22.60±2.91 0.006 0.050 0.004 0.273

Inferior -22.32±4.35 -23.27±4.51 -21.22±3.96 -25.77±4.01 0.000 0.017 0.000 0.045

Posterior -21.12±3.53 -21.65±3.86 -20.50±3.04 -24.30±3.48 0.000 0.003 0.000 0.177

Lateral -20.12±4.14 -21.14±3.60 -18.94±4.46 -21.97±3.58 0.036 0.387 0.003 0.021

Mid-GLSepi

Anterior -16.39±3.47 -17.00±2.46 -15.69±4.29 -17.20±1.92 0.141 0.790 0.054 0.078

Anteroseptal -17.03±3.48 -17.49±3.78 -16.50±3.08 -18.73±2.82 0.020 0.126 0.009 0.217

Septal -17.48±5.11 -18.22±2.63 -16.63±6.91 -20.27±2.70 0.006 0.067 0.002 0.146

Inferior -19.62±3.64 -20.46±3.72 -18.66±3.36 -22.13±3.46 0.002 0.056 0.000 0.037

Posterior -17.20±2.61 -17.57±2.67 -16.78±2.51 -19.40±2.66 0.000 0.005 0.000 0.216

Lateral -15.19±3.66 -15.89±3.62 -14.38±3.58 -17.03±2.95 0.010 0.177 0.003 0.069

P1: Significantly different (P<0.05) compared with the groups A and B. P2: Significantly different (P<0.05) compared with the groupA1 and B. 
P3: Significantly different (P<0.05) compared with the groups A2 and B. P4: Significantly different (P<0.05) compared with the groups A1 
and A2. GLSglobal: Global Longitudinal Strain; GLSendo: Global Endocardial Longitudinal Strain; GLSepi: Global Epicardial Longitudinal 
Strain.
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Table S3 Apical layer-speckle strain parameters in study groups

A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

Apical-GLSglobal

Anterior -20.51±4.48 -20.49±4.01 -20.53±5.03 -23.00±4.04 0.010 0.021 0.029 0.966

septal -21.28±4.62 -21.59±5.36 -20.91±3.64 -24.60±4.28 0.001 0.008 0.002 0.531

Inferior -21.32±3.97 -21.62±4.26 -20.97±3.65 -25.43±3.97 0.000 0.000 0.000 0.499

Lateral -20.46±4.28 -20.62±4.21 -20.28±4.37 -22.63±3.96 0.019 0.053 0.030 0.737

Apex -21.23±3.79 -21.22±3.71 -21.25±3.95 -23.97±3.50 0.001 0.003 0.005 0.970

Apical-GLSendo

Anterior -28.29±5.80 -28.19±5.03 -28.41±6.66 -31.03±5.73 0.032 0.049 0.078 0.877

Septal -29.75±5.21 -30.81±5.03 -28.53±5.24 -32.90±5.37 0.007 0.105 0.001 0.072

Inferior -29.10±5.69 -29.43±5.70 -28.72±5.74 -33.30±5.33 0.001 0.006 0.002 0.599

Lateral -28.22±5.68 -28.41±5.22 -28.00±6.24 -30.70±4.77 0.039 0.090 0.054 0.758

Apex -29.23±5.20 -29.41±4.65 -29.03±5.84 -31.90±4.67 0.018 0.048 0.028 0.761

Apical-GLSepi

Anterior -15.22±3.86 -15.46±3.48 -14.94±4.30 -17.40±3.08 0.007 0.033 0.009 0.556

Septal -16.72±3.80 -16.62±3.59 -16.84±3.83 -18.87±3.59 0.010 0.017 0.037 0.807

Inferior -16.77±3.85 -16.89±4.02 -16.63±3.70 -19.97±3.30 0.000 0.001 0.001 0.766

Lateral -15.28±3.54 -15.59±3.56 -14.91±3.55 -17.60±3.45 0.003 0.023 0.003 0.420

Apex -16.09±3.18 -16.35±3.30 -15.78±3.08 -18.37±2.75 0.001 0.009 0.001 0.443

P1: Significantly different (P<0.05) compared with the groups A and B. P2: Significantly different (P<0.05) compared with the groups A1 
and B. P3: Significantly different (P<0.05) compared with the groups A2 and B. P4: Significantly different (P<0.05) compared with the 
group A 1and A2. GLSglobal: Global Longitudinal Strain; GLSendo: Global Endocardial Longitudinal Strain; GLSepi: Global Epicardial 
Longitudinal Strain.

Table S4 Apical layer-speckle strain parameters in study groups

Variable A (n=69) A1 (n=37) A2 (n=32) B (n=30) P1 P2 P3 P4

TAPSE 2.03±0.30 2.04±0.28 2.02±0.32 2.13±0.39 0.176 0.275 0.200 0.811

S’ (cm/s) 12.65±1.96 12.51±1.94 12.81±2.01 12.97±2.22 0.483 0.370 0.768 0.547

RVFW-GLSendo (%) -28.97±3.92 -29.70±3.60 -28.13±4.16 -30.10±4.11 0.197 0.683 0.052 0.101

RVFW-GLSepi (%) -23.14±7.14 -23.38±8.79 -22.88±4.70 -25.03±4.12 0.180 0.297 0.189 0.746

RVFW-GLSglobal (%) -25.83±3.23 -26.24±3.30 -25.34±3.16 -26.87±3.34 0.149 0.439 0.070 0.257

P1: Significantly different (P<0.05) compared with the groups A and B. P2: Significantly different (P<0.05) compared with the groups 
A1 and B. P3: Significantly different (P<0.05) compared with the groups A2 and B. P4: Significantly different (P<0.05) compared with 
the groups A1 and A2. TAPSE: tricuspid annulus peak systolic excursion; S’: Pulsed Doppler S wave: peak systolic velocity of tricuspid 
annulus by pulsed-wave tissue Doppler imaging; RVFW: right ventricular free wall.


