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Introduction: Juvenile onset systemic lupus erythematosus (JSLE) is an autoimmune disease associated with high cardiovascular morbidity. The purpose
of the study was to assess cardiac function and subclinical atherosclerosis
among children with SLE and to establish risk factors.
Material and methods: Data on thirty children with SLE followed up at
Alexandria Main Children Hospital were collected and compared to thirty
matched controls. The collected data were about demographics, systemic
examination and laboratory findings. However, all participants were subjected to echocardiography, pulsed wave tissue Doppler (PWTD) and sonographic assessment of intima media thickness of the abdominal aorta (aIMT) and
carotid arteries (cIMT).
Results: The patient group with mean age of 11.3 ±2 years and mean duration of disease 3.2 ±2.3 years included 63.3% (n = 19) hypertensive cases
with no heart failure. High cholesterol values were reported in 30%. The main
findings of the imaging studies of patients showed significantly low ejection fraction (EF) (57.9 ±5.8, p < 0.001) and low mitral annular velocities at
septal and lateral walls at peak systole (Sm) and peak early diastolic filling
(Em) (p < 0.001). Also there were significantly high aIMT (1.1 ±0.3) and cIMT
(0.5 ±0.7) for patients. The duration of the disease and aIMT were significant
risk factors that negatively affect Sm and Em of lateral wall (p ≤ 0.05).
Conclusions: In JSLE, impaired LV function and subclinical atherosclerosis
were prevalent specially among children with longer disease duration which
highlight the need for periodic checkup by ultrasonography and PWTD.
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Introduction
Juvenile onset systemic lupus erythematosus (JSLE) is a life-long autoimmune disease that can involve any organ system with a wide range of
disease manifestations with significant morbidity and mortality.
The 10-year survival rates are now > 90%, which is comparable with
that of adults, because of major advances achieved in the field of pediatric rheumatology [1]. Those children are now surviving into adulthood
and have to face many challenges imposed by their chronic illness. Car-
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Vascular ultrasonography

Intimal medial wall thickness (IMT) measurements were obtained for the study and control
groups using a Toshiba Nemio Ultrasonic scanner
with a 7.5 MHz transducer. Both carotid arteries
were scanned 10 mm from the bifurcation of the
common carotids. Intimal medial wall thickness of
both right and left carotid arteries was measured
three times each then the mean value was calculated to represent cIMT of the patient.
Meanwhile, the abdominal aorta was assessed
at anterior and posterior walls and was examined
distally until the aortic bifurcation (8 mm thickness was the normal cut-off value for the IMT for
the abdominal aorta) [9].
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The minimum sample size was calculated
based on the smallest effect size between cases
and controls regarding systolic and diastolic functions of the left ventricle reported by a certain
study in 2003 [6]. It was equal to 50 divided into
two equal groups. In order to increase the power
of the study, the study was conducted on 60 children (30 with SLE and 30 controls).
This study has the case control design. It was
performed between March 2012 and August
2012. The study included thirty children below
the age of 16 years diagnosed with SLE and who
were inactive at the time of the study (with normal inflammatory markers); the cases were followed up for more than 6 months at a pediatric
nephrology clinic in line with the policy of the
Main Children Hospital of Alexandria University.
All active cases were excluded. The patient group
at the time of diagnosis fulfilled the revised criteria of the American College of Rheumatology for
the diagnosis of SLE; the criteria included all the
old criteria such as photosensitivity, oral ulcers,
and lupus nephritis while the updated changes
in the immunologic disorder category consisted
of removal of the LE cell item and addition of
the anti-phospholipid antibody (aPL), anticardiolipin antibody (aCL), and lupus anticoagulant
(LAC) items to positive anti-nuclear antibody and
anti-double strand [7]. Another thirty children
matched in age and sex were selected randomly after obtaining consent of caregivers. Those
were children who presented to hospitals with
acute minor illness (e.g. pneumonia, diarrhea)
excluding patients with chronic medical diseases. Written informed consent was collected from
patients’ caregivers, and the local Ethics Committee approved the study protocol. Data of studied
groups about medical history, physical examination, laboratory findings and electrocardiography were retrieved from hospital records while
echocardiography and vascular sonography were
performed for all.

Two-dimensional echocardiography, M-mode,
and Doppler flow modalities were applied to assess
left ventricular function through measuring ejection fraction (EF), fractional shortening (FS) peak
early diastolic filling velocity (E), peak late diastolic
filling velocity (A), and E/A ratio. The normal values for E and A velocities were 0.73 ±0.09 and 0.38
±0.08 m/s respectively [8]. Pulsed wave tissue Doppler (PWTD) recorded contraction and relaxation
velocities of mitral annulus. The highest amplitude
signal was evaluated in the apical four-chamber
view; a 5-mm tissue Doppler sample volume was
placed on the septal and lateral mitral annulus. The
positive (Sm) wave represented ventricular systole
while negative (Em) and negative (Am) waves represented early and late diastole filling. Echocardiography was performed by a single person using
a 5 MHz transducer of Madison 990 echocardiography.
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Material and methods
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diovascular morbidity and mortality are becoming
major health concerns for those cases [2]. Cardiovascular involvement has a wide spectrum of presentation ranging from asymptomatic to severe
overt conditions. In addition to pericardial, myocardial, valvular and rhythm disturbances a high
incidence of coronary artery diseases (CAD) has
become a recognized cause of mortality [2, 3].
Chronic inflammation and exposure to corticosteroids create perfect risk factors for endothelial injury and hence premature atherosclerosis
[4]. Clinical cardiovascular involvement has been
reported in many studies, but evidence of subclinical involvement is limited to a few of them [5].

2

Statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. Comparisons between groups for categorical variables
were assessed using the chi-square test (Fisher or
Monte Carlo). The Mann-Whitney test was used
to compare two groups for abnormally distributed
quantitative variables. Student’s t-test was used
for normally distributed quantitative variables, to
compare between two studied groups, Pearson’s
coefficient to correlate between two normally distributed quantitative variables, and Spearman’s
coefficient to correlate between two distributed
quantitative abnormally variables. Significance of
the obtained results was judged at the 5% level.

Results
Patients’ age at the time of the study ranged
from 6 to 15 years (mean: 11.3 ±2.6 years) with
a female to male ratio of 8/2. The duration of
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±5.8 and FS: 33.1 ±3.5), they were significantly
lower than in controls (EF: 67.8 ±4.7and FS: 37.8
±3.4, p < 0.001). EF values were abnormally low
in 6 (20%) patients. Left ventricular diastolic functions were also impaired with significantly decreased E wave (80.5 ±5.1 vs. 92.6 ±7.6, p < 0.001)
and decreased E/A ratio (1.5 ±0.1 vs. 1.6 ±0.2,
p = 0.003), while peak A velocity increased significantly (58 ±5.9 vs. 54.7 ±4.5, p = 0.017) as shown
in Table II. Meanwhile, PWTD findings showed
that the mitral annular velocities at septal and
lateral walls (Sm sep, Sm lat) during systole were
significantly lower for the patient group (10.3 ±1.8
and 8.3 ±1.1) compared to controls (11.8 ±1.3 and
8.7 ±0.8, p < 0.001). Also, mitral annular velocities
during diastole (Sm sep, Sm lat, E sept, E lat, Em/
Am sept and Em/Am lat) were significantly lower for patients compared to controls (p < 0.001),
as summarized in Table II. However, the E/Em ratio was significantly higher among patients. Our
study revealed that some PWTD parameters (Sm
lat, Sm sep and Em lat) showed significant negative correlations with the duration of the disease
(r = –0.565, p = 0.001; r = –0.466, p = 00.9) while
there was no significant correlation with total serum cholesterol or age, as shown in Table III. The
hypertensive subgroup had significantly higher
values of Em/Am ratio of the septal wall when
compared to controls.
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disease ranged from 6 months to 9 years (mean:
3.2 ± 2.3 year) as shown in Table I. No significant
difference for body mass index (BMI) was found
between the participants. About 63.3% (n = 19) of
the SLE patients were hypertensive, eight had lower limb edema (26.6%), four had sinus tachycardia, and none suffered from overt heart failure. At
time of the study laboratory data indicated anemia among 20% of cases (n = 6) with insignificant
variations in hemoglobin levels between studied
groups. Proteinuria was evidenced among 3 cases. The mean values of serum triglyceride were
significantly higher among cases compared to
controls, while mean total serum cholesterol (TSC)
and serum creatinine were within normal limits for
all participants. However, high triglycerides were
recorded among 36.3% (n = 11cases) and high
TSC was reported among 30% (n = 9 cases). Renal
biopsy specimens were analyzed for 26 patients
and showed a wide range of pathologic changes.
According to the modified WHO classification of
glomerular lesions [10]: class I; minimal mesangial
lupus nephritis, class II: mesangial proliferative lupus nephritis, class III; focal lupus nephritis, class
IV; diffuse lupus nephritis, class V; membranous
lupus nephritis and class IV; advanced sclerosis lupus nephritis. Class IV was observed in eleven patients, class II in eight, class III in 4 and class V in
3 cases. All SLE patients were on a prednisone dose
ranging between 0.2 and 2 (mean 0.8) mg/kg/day.

Vascular sonography

R

Although the mean EF and FS values of the
patient group were within normal limits (EF: 57.9

The mean values of aIMT (1.1 ±0.3) were significantly higher in children with SLE in comparison to controls (0.7 ±0.1, p < 0.00). About 63.3%

Table I. Comparison between the two studied groups according to demographic data and laboratory profile of the
studied groups
Parameter

Control (n = 30)

P-value

11.3 ±2.6

10.8 ±2.99

0.466

Male

6 (20%)

4 (13.3%)

0.488

Female

24 (80%)

26 (86.7%)

3.2 ±2.3

–

21.7 (15.3–35.7)

20.6 (5–23.7)

0.147

13.2(9.5–15.1)

12.8(11.9–14.5)

0.454

186.3 ±43

142.4 ±21.8

0.254

125(43–270)

99.5(65–143)

0.006*

0.50 ±0.10

0.46 ±0.08

0.084

R

Cases (n = 30)

Age (6–15 years)

C

O

Gender:

N

Duration of disease
Mean and SD [years]

U

BMI [kg/m2]

Hg level
**No anemia

24 (80%)

Positive

6 (20%)

Cholesterol
TG
Creatinine

*Statistically significant at p ≤ 0.05. **Criteria of anemia according to age group; 5–12 years Hg < 11.5 g/dl, 12–14 years Hg < 12 g/dl.
Age > 15-year girl Hg < 12 g/dl, age > 15-year boys Hg < 13 g/dl [30].
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Table II. Comparison between the two studied groups according to parameters of standard echocardiography,
pulsed tissue Doppler and vascular sonography
Cases (n = 30)

Control (n = 30)

P-value

57.9 ±5.8

67.8 ±4.7

< 0.001*

6 (20%)

0 (0%)

0.024*

33.1 ±3.5

37.8 ±3.4

< 0.001*

4 (13.3%)

0 (0%)

E

80.5 ±5.1

92.6 ±7.6

< 0.001*

A

58 ±5.9

54.7 ±4.5

0.017*

E/A

1.5 ±0.1

1.6 ±0.2

O

Parameter

Sm lat

10.3 ±1.8

11.8 ±1.3

< 0.001*

Em lat

14.9 ±1.7

18.2 ±18.2

< 0.001*

Am

9.3 ±0.7

9.1 ±0.8

0.361

Em/Am

1.6 ±0.2

2 ±0.2

< 0.001*

6.3 ±1.1

4.4 ±0.4

< 0.001*

8.3 ±1.1

8.7 ±0.8

0.219

13.5 ±1.5

15.2 ±0.6

< 0.001*

9.1 ±0.7

8.2 ±0.5

< 0.001*

1.5 ±0.2

1.9 ±0.1

< 0.001*

(0.4–0.7)

(0.4–0.5)

0.041*

0.5 ±0.7

0.5 ±0.1

9 (30%)

0 (0%)

(0.5–1.7)

(0.5–0.8)

1.1 ±0.3

0.7 ±0.1

19 (63.3%)

0 (0%)

< 55 Abnormal
FS:
< 29 Abnormal

EC
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Lateral wall MA:

E/Em
Septal wall MA:
Sm sep
Em sep
Am sep
ES/AS

Mean ± SD

aIMT:

R

Abnormal > 0.55

R

cIMT:

Mean ± SD

O

> 0.8 Abnormal

0.003*

PR

PWTD (Mitral annulus):

O

EF:

F

Echocardiography

< 0.001*

C

*Statistically significant at p ≤ 0.05. E – early diastolic filling velocity (cm/s), A – late diastolic filling velocity (cm/s), E/A ratio – early (E) to
late (A) ventricular filling velocities, EF – ejection fraction, PWD – pulsed wave Doppler, Sm – peak velocity of contraction wave, Em – peak
velocity early of relaxation wave, Am – peak velocity late of relaxation wave, Lat – lateral wall, Sep – septal wall, cIMT – carotid intimal
medial thickness.

U

N

of cases (n = 19) had abnormal aIMT (> 0.8 mm).
Table II. A significant positive correlation was observed between average of aIMT and duration of
the disease (r = 0.644, p < 0.001) and hypertension (p = 0.044) as summarized in Tables III and IV.
Although the mean values of cIMT (0.5 ±0.7) were
significantly higher than in controls, high values
were detected among 30% of the patients. Lastly, there was significant negative correlation between the mitral annular velocities (Sm lat, Em)
and aIMT (r = –0.657, p < 0.001; r = –0.506, p <
0.004 respectively) which are displayed in Fig-

4

ures 1 A and B quadrants. However, cIMT showed
insignificant correlations with the same parameters, as shown in scatter plots in Figures 1 C and D
quadrants.

Discussion
Studying cardiovascular changes in children
with SLE became challenging over the past decade.
The current study focused on assessing the cardiac
function of JSLE by different modalities of echocardiography and on detecting silent atherosclerotic
changes by sonography. Also, the study assessed
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Table III. Correlation of risk factors versus tissue Doppler findings and abdominal aorta IMT in case group
Parameter

Sm lat

Em lat

Em/Am lat

Sm sep

Em sep

Em/Am sep

aIMT

r

–0.289

–0.342

–0.107

–0.253

–0.285

–0.073

0.294

p

0.121

0.065

0.574

0.178

0.127

0.702

0.115

r

–0.565*

–0.466*

–0.261

–0.440*

–0.189

–0.033

0.644*

p

0.001*

0.009*

0.164

0.015*

0.318

0.863

r

–0.070

0.079

0.283

–0.030

0.016

0.193

p

0.715

0.680

0.130

0.873

0.935

r

–0.016

0.409*

0.347

0.003

0.406*

0.275

–0.140

p

0.933

0.025*

0.060

0.989

0.026*

0.141

0.461

Age [years]:

O

0.307

PR

r – Pearson coefficient, *statistically significant at p ≤ 0.05.

< 0.001*

0.149

O

Cholesterol:

Maintenance dose
of corticosteroids:

F

Duration of disease:

0.431
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Table IV. Relation between hypertension with different echo and sonography parameters in case group
Parameter

Hypertension

Sm lat
Em lat
Em/Am lat
Sm sep
Em sep

No (n = 11)

Yes (n = 19)

10.5 ±1.4

10.2 ±2

0.721

14.7 ±1.7

15.1 ±1.7

0.522

1.5 ±0.2

1.7 ±0.2

0.096

8.3 ±0.9

8.4 ±1.2

0.902

13 ±1.8

13.8 ±1.3

0.164

1.4 ±0.2

1.6 ±0.2

0.010*

1.1 (0.7–1.7)

0.044*

R

Em/Am sep
aIMT

P-value

0.8 (0.5–1.3)

R

*Statistically significant at p ≤ 0.05.

U

N

C

O

the risk factors of these cardiovascular changes as
age of onset, duration of the disease, BMI, hypertension, dyslipidemia, renal pathology and dose of
corticosteroid. Most of the enrolled patients (80%)
were female, similar to many reported studies [3,
5, 6]. The age of onset of disease for most of our
cases was above 5 years except two cases (3 and
4 years about 6.6%), and this was found by another study [6] which reported that the occurrence
of the disease below 5 years is rare. Body mass
indices of patients were within the normal limits,
similar to results of a Brazilian study [11] in 2014
where the median of patients was close to controls (21.74 vs. 21.43 kg/m2). An Omani study that
assessed BMI concluded that growth failure is an
important determinant of disease damage, high
steroid dose and longer disease duration [12].
Clinically, none of the cases were suffering from
heart failure, and about two thirds developed hy-

pertension. It is higher percent compared to that
found by a previous study [13] which reported
that about 25% of patients developed hypertension before the age of 18 years, but hypertension
could be caused by renal disease and/or longterm high-dose corticosteroid. Captopril and atenolol were the used antihypertensive medications.
In our study, renal involvement was 100% among
patients who underwent renal biopsy (n = 26/30)
with different classes of renal pathology and this
may explain the high percentage of hypertensive
patients. However, 57.8% of them were controlled.
In concordance with some studies [6, 14] arrhythmia was positive among 10% of cases, which was
documented by ECG to be sinus tachycardia.
Laboratory data at the time of the study revealed that about one third of patients had elevated levels of serum cholesterol and triglycerides;
however, triglyceride levels were significantly
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8
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4
rs = –0.238, p = 0.077
0.35 0.40

0.45

EC
TE
D

0
0.30

0

18

12

2

rs = –0.506, p = 0.004

2

O

rs = –0.657, p < 0.001

F

4

2
0

10

O

SM

12

C

20

PR

A

0.50 0.55 0.60
cIMT

2

0.65

0.70 0.75

0
0.30

rs = –0.160, p = 0.397
0.35 0.40

0.45

0.50 0.55 0.60
cIMT

0.65

0.70 0.75

Figure 1. A – Correlation between aIMT and Sm lat in case group. B – Correlation between aIMT and Em lat in case
group. C – Correlation between cIMT with Sm lat in case group. D – Correlation between cIMT and Em lat in case
group
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higher in patients when compared to controls.
This matched the pattern of dyslipidemia described by other studies on adults with SLE [15]
and children [16] which also reported high levels
of LDL and low levels of HDL among the patients.
That might be attributed to the used medications
such as corticosteroids and atenolol (old β-blockers) which were reported by some studies to raise
serum triglyceride [17]. In our study, renal function
for all the patients was normal.
Echocardiographic evaluations of cardiac
function were performed for the studied groups.
Parameters of systolic function by standard modalities (EF and FS) were significantly lower in
patients than controls. However, they were within
normal and 20% of cases had abnormal EF. The diastolic function was impaired through significantly low E wave in patients compared to controls
while A wave increased and E/A ratio decreased
significantly but remained within the normal
range. This was consistent with results obtained
by many studies which explained the asymptomatic systolic and diastolic function impairment by
lupus myocarditis (immunopathological changes
of heart) [6, 15].
Recently, PWTD has been used as a sensitive
method for evaluation of cardiac performance. It
relies on determining the contraction and relax-

6

ation velocities of the myocardium through assessing mitral annular velocities. Therefore, PWTD
can evaluate global, regional and longitudinal
myocardial contraction which may be involved
subclinically. In contrast to EF, which evaluates the
heart globally [18], the present study recorded regional defects in systolic and diastolic function of
the lateral wall of the mitral annulus and impaired
diastolic function of the septal wall. The average
mitral annular velocity (Sm lat) was significantly
decreased in patients compared to controls while
septal wall velocities (Sm sep) were insignificantly
diminished. Moreover, diastolic indices (Em sep,
Em late, Em/Am lat and E/Em lat) at septal and
lateral walls were significantly lower in the patient
group.
Due to the paucity of similar studies on children, we compared our results to similar studies
performed on adults with SLE, which is in agreement with our results by finding significant impairment of regional wall function of the heart,
whether systolic or diastolic indices [19]. Moreover, it matched the results of a Turkish study on
children with familial Mediterranean fever (FMF)
taking into consideration that both SLE and FMF
are long lasting diseases based on immune dysregulation [20]. The asymmetry of the results for
lateral wall compared to septal wall velocities may
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aIMT in comparison to one third of cases with abnormal cIMT. That was consistent with previous
studies [9, 27] which concluded that the abdominal aorta is an earlier site of vascular changes in
children. Our results revealed that hypertension
was a potential risk factor for higher values of
aIMT matched with others [28]. A potent significant negative correlation was found between
in aIMT and between Sm lat, Em lat obtained
by tissue Doppler. The higher the values of aIMT
(atherosclerosis) the lower the cardiac indices
(impaired function). This may be the first study to
publish this correlation among pediatric patients.
This was consistent with a Brazilian study in 2010
performed on adult females with subclinical atherosclerosis and they found that carotid IMT had
negative correlations with tissue Doppler indices
of diastolic function [29]. This refers to the effect
of atherosclerosis on impairing cardiac function as
it may enhance arterial stiffness of major arteries, such as the carotid artery and aorta, increasing afterload to the left ventricle, with a negative
impact on diastolic function. This highlights the
importance of screening and controlling subclinical vascular changes for better long-term cardiac
performance [30].
In conclusion, juvenile onset SLE children are
at high risk for silent impairment of cardiac function and for premature atherosclerosis. Regular
follow-up of global cardiac function and regional
myocardial performance are highly recommended
not only by echocardiography but also with the
tissue Doppler modality. Periodic check-up of IMT
of the abdominal aorta is a good marker for detecting subclinical atherosclerosis, especially for
children with long duration for the disease, hypertension, high maintained dose of corticosteroid
and/or abnormal echocardiographic parameters
of cardiac function.

U

N

C

O

R

R

EC
TE
D

be explained by autoimmune inflammation in
lupus carditis that was reported similarly in viral
myocarditis studies to have predominance of lateral wall abnormalities (85%) rather than septal
wall (31%) [21]. This could be attributed to the
relation between inflammation and tissue perfusion in which the septal wall basically receives
blood supply from right and left coronaries while
the lateral wall is supplied only by the lateral circumflex [21]. In agreement with a recent study on
lupus children, lateral wall regional changes were
detected during active and inactive phases of the
disease [22].
The current study correlated some risk factors
with parameters PWTD. Duration of the disease
was an important factor. The longer the duration
of the disease, the greater was reduction in systolic and/or diastolic function of the heart, especially
the lateral wall of the LV (Sm lat, Em lat, Sm sep).
It was not only the longevity of the illness; our
study referred also to age of onset of the disease,
as 100% of patients who developed SLE below
5 years had abnormal diastolic function (E/A < 1,
Em/Am < 1), although they had variable duration
of illness (5, 6, 7 years).
On the other hand, maintenance dose of corticosteroid given during the inactive state was
not correlated with regional cardiac wall velocities except early diastolic filling waves of lateral
and septal walls were directly related. This may
refer to the significant anti-inflammatory effect
of steroids on improving diastolic wave velocities.
Hypertension as a risk factor for cardiac changes
was only correlated with Em/Am ratio of the septal wall; lower ratio than controls was a sign of impaired diastolic function. Small sample size might
be the cause of absence of other correlations; the
effect of hypertension deserves further investigations with larger samples of lupus hypertensive
children. The current results on pediatric patients
were consistent with another Egyptian study performed on adult SLE in 2013 [23].
Apart from cardiac involvement, acceleration
of vascular changes is considered another serious
complication for JSLE. The reason for premature
atherosclerosis is unknown. The leading theory is
that immune complex deposition over the vessels
causes the initial intimal damage which triggers
vascular change [24]. Lupus is now considered to
be an independent risk factor for the development
of atherosclerosis which enhances the development of coronary artery disease during adulthood.
The current study revealed that aIMT and cIMT
were significantly higher among patients compared to controls. This matched some studies using IMT as a surrogate non-invasive early sonographic marker for atherosclerosis [25, 26].
Silent atherosclerotic changes were detected
among two thirds of the patients by abnormal
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