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Abstract

Background: Systemic lupus erythematosus (SLE) is an independent risk factor for cardiovascular events. The present
study determined the prevalence of subclinical atherosclerosis in childhood-onset SLE using the carotid intima-media
thickness (CIMT) measurement and investigated associations between traditional and nontraditional risk factors for
atherosclerosis, such as medications, SLE Disease Activity Index - SLEDAI-2 K and SLICC-ACR damage index and CIMT.

Methods: Cross-sectional prospective study between 2017 and 2018. CIMT was assessed by ultrasonography. Data
were collected by chart review, nutritional evaluation and laboratory tests and analyzed by Fisher, Wilcoxon-Mann-
Whitney tests, multiple linear and log binomial regression.

Results: Twenty-eight patients (mean age 13.9 years, SD 3) were enrolled. The prevalence of subclinical atherosclerosis
was 32% (95% CI 14.8, 49.4). The mean CIMT was 0.43 ± 0.035mm. The most common traditional risk factors observed
were dyslipidemia (82.1%), uncontrolled hypertension (14.2%), obesity (14.3%), and poor diet (78.6%). Uncontrolled
hypertension (p = 0.04), proteinuria (p = 0.02), estimated glomerular filtration rate < 75ml /min/1.73 m2 (p = 0.02) and
SLEDAI-2 K > 5 (P = 0.04) were associated with subclinical atherosclerosis. SLEDAI-2 K > 5 maintained association with
CIMT after adjusting for control variables.

Conclusion: Subclinical atherosclerosis is frequently observed in cSLE, mainly in patients with moderate to severe
disease activity.

Keywords: Atherosclerosis, Lupus Erythematosus, systemic, childhood, Carotid intima-media thickness, Nutritional
assessment

Background
Early diagnosis and treatment advances have increased the
survival of systemic lupus erythematosus (SLE) patients
over the last decades. Nonetheless, comorbidities, in

particular cardiovascular diseases (CVD), still predispose
these patients to higher mortality and morbidity [1].
The presence or increase of traditional Framingham risk

factors for CVD is insufficient to explain the high CVD
index in SLE patients [2]. CVD in SLE is multifactorial.
Factors related to the disease itself, such as inflammation,
immune complex-mediated endothelial damage, nephrotic
proteinuria and its complications, contribute to the patho-
genesis of CVD in SLE patients [3, 4].
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Childhood-onset systemic lupus erythematosus (cSLE)
is more aggressive and carries higher chances of early
sequelae when compared to adult-onset SLE [5].
Therefore, early detection and prevention of traditional

(like hypertension, diabetes, smoking, contraceptives use,
higher body mass index and waist circumference, and dys-
lipidemia) and nontraditional risk factors (like longer SLE
duration, increased creatinine clearance, active disease
and corticosteroids use) for atherosclerosis in cSLE are of
utmost importance for hampering development of CVD
in these patients [6].
Carotid intima-media thickness (CIMT) assessed by

ultrasonography (US) has been used as a surrogate
marker of subclinical atherosclerosis in children and
young adults with high accuracy [7]. Increments of 0.1
mm of the CIMT, increases the risk for acute myocardial
infarction by 10 to 15% and stroke by 13 to 18% [8].
Considering that CIMT, a biomarker for subclinical ath-

erosclerosis, may be associated with traditional and non-
traditional risk factors for atherosclerosis, the aims of the
study were i) to determine the prevalence of subclinical
atherosclerosis assessed by CIMT in patients with cSLE;
ii) to investigate associations between CIMT and trad-
itional and nontraditional risk factors for atherosclerosis.

Methods
Patients
This cross sectional study was performed between April
2017 and May 2018. cSLE patients followed in the Paedi-
atric Rheumatology Clinic of the Clinical Hospital of
Ribeirão Preto Medical School, Brazil, a tertiary referral
center, were invited to participate. All patients fulfilled
the American College of Rheumatology classification cri-
teria for SLE [9], had disease onset at less than age 18
years, and were recruited up to 21 years of age. Pregnant
individuals and patients with infection were excluded.

Clinical evaluation
Clinical data, such as demographics, lupus-related clin-
ical history, comorbidities, traditional risk factors for
atherosclerosis, including hypertension, dyslipidemia,
obesity, diabetes and use of contraceptives were re-
trieved from the patient’s medical records. Current and
previous medication treatment - prednisone, intravenous
methylprednisolone pulse, hydroxychloroquine sulphate,
methotrexate, azathioprine, cyclosporine, mycophenolate
and intravenous cyclophosphamide - were also recorded.
The prescribed corticoid was evaluated in total actual

prednisone equivalent dose (mg), accumulated dose in
grams, and in average dose by kg/day during the patient
treatment. The patients were stratified into three groups
based on the average dose of corticoid used for disease
treatment: low dose, < 0.15 mg/ kg/day; moderate dose,
0.15–0.40 mg/ kg/day; high dose, > 0.40 mg/kg/day. The

categorization of the corticosteroid dose was based on
the relationship between the weight-adjusted prednisone
dose and the CIMT measurement identified in the
APPLE study [6].
The Systemic Lupus Erythematosus Disease Activity

Index - SLEDAI-2 K were used to assess disease activity
and to classify the patients by activity level: 0 no activity, 0–
5 mild activity and, greater than 5 moderate to severe [10].
The Systemic Lupus International Collaborating Clinics/

American College of Rheumatology Damage Index (SDI) -
SLICC/ACR DI were used to assess disease activity
and cumulative damage [11].
Physical examination of all patients was performed by

the same pediatric rheumatologist (PBSM). Tanner’s puber-
tal staging was assessed to classify the patients into pre-
puberty and puberty (Tanner stage ≥2) since that puberty
may be related to cSLE disease activity [12, 13]. Hyperten-
sion was defined as systolic and/or diastolic blood pres-
sure 95th percentile for children between 1 and 13 years
and ≥ 130/80mmHg for children ≥13 years [14].
Data on diet, smoking and physical activity were col-

lected during the physical evaluation. Regular physical
activity was considered when the patient performed 60
min or more of daily physical activity, with periods of
vigorous activity performed at least 3 days per week, for
the last 3 months [15].

Laboratory assessment
Twelve-hour fasting exams included complete blood cell
count, complement levels (C3 and C4), anti-dsDNA,
homocysteine, high sensitivity C-reactive protein
(hsCRP), cyanocobalamin, folate, total cholesterol, tri-
glycerides, high density lipoprotein, low density lipopro-
tein, glucose levels, urine analysis and spot urine protein
creatinine ratio. Cut-off values were determined based
on the assay manufacturer’s instructions.
Proteinuria was defined as protein to creatinine ratio >

0.2 in spot urine sample and moderate to severe protein-
uria for ratio ≥ 1 [16]. Creatinine clearance (CrCl) was
calculated using the Schwartz formula [17].
Plasma levels of interleukins (IL), IL-1alpha and IL-1beta,

IL-6, IL-10, IL-17; interferon (IFN) alpha and beta and adhe-
sion molecules, vascular cell adhesion molecule 1 (VCAM-
1), intercellular adhesion molecule 1 (ICAM-1) and P-
selectin were measured using commercial Kits - Human
ELISA kits - R&D Systems Inc.® (Minneapolis, MN, USA).

Nutritional assessment
The anthropometric measurements were weight, height,
body mass index (BMI) [18] and waist circumference
(WC) [19], measured according to published methods.
Electrical bioimpedance analysis was performed and the
percentage of body fat was determined according to
McCarthy, 2006 [20].
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Food intake was assessed by one 24-h dietary recall
(24 h-R) applied to participants on the same day of phys-
ical exam and blood sample collection [21]. A picture
booklet of food portion size (small, medium and large)
was used to convert the food to g or ml [22]. Energy,
macronutrients and micronutrients were calculated
using the software specially developed to analyze the
dietary intake of the Brazilian population (Dietwin® ver-
sion 1997–2002).
The Healthy Eating Index (HEI) was calculated using

data obtained from the 24 h-R. The HEI considered in
this study was previously revised for the Brazilian popu-
lation [23] and subsequently validated for children and
adolescents [24]. It consists of an indicator that simul-
taneously analyzes several nutritional components, based
on energy density, evaluating their quality, regardless of
the amount of food consumed, represented by a single
value that can be classified as: “poor diet”, scores less
than 65; “good diet”, scores ≥85; and two intermediate
categories, 65–74 and 75–84, “need adaptation in the
diet” [24]. The maximum index score is 100.

Carotid intima-media thickness (CIMT)
To determine the prevalence of subclinical atheroscler-
osis an expert radiologist (SRT) performed US to assess
the CIMT using a Logic E9 device (General Electric
Company) with high frequency linear transducers
(ML6–15MHz) and following international standardized
protocols [7]. US was performed in a controlled room
temperature at 23 °C, in the morning (between 7:30 am
and 9:00 am), with the patient resting comfortably for
15 min prior to acquiring data in the supine position.
The patient’s neck was slightly extended and the head
turned 45° towards the side opposite of that being exam-
ined. CIMT was automatically measured on longitudinal
B-mode images using the Auto IMT software. After
identifying the carotid bifurcation, CIMT was measured
from three arterial segments three times each, as follows:
the common carotid artery (CCA) from 10mm proximal
to the tip of the flow divider (TFD), the carotid bifurcation
(from the TFD to 10mm proximal to the TFD) and the
proximal 10mm of the internal carotid artery (ICA). The
average of the three measures of each segment was used
to compose data. CIMT measurements were also com-
pared to reference values of a population study for chil-
dren under 18 years old [25, 26] and for teenagers
between 18 and 21 years old [27, 28]. CIMT greater than
or equal to the 90th percentile for age and sex was consid-
ered subclinical atherosclerosis [29] (Fig. 1).

Statistical analysis
The characteristics of the study sample were summa-
rized using descriptive statistics with ordinal data pre-
sented as percentages and continuous data as means,

standard deviations [SD] or medians and interquartile
ranges, as appropriate. The study sample was divided
into two groups, with and without subclinical athero-
sclerosis, according to the results of the CIMT measure-
ments. Fisher’s exact test and Wilcoxon-Mann Whitney
test were used to investigate associations between cat-
egorical and continuous variables with groups, respect-
ively. Fitted log-binomial regression models were used to
estimate prevalence ratios and their 95% confidence in-
tervals. Linear regression models were adjusted to asso-
ciate potential risk factors with CIMT. Statistical and
clinical criteria were considered for selecting variables
for multiple modeling.
Multiple correlation between continuous variables and

CIMT measurements was assessed with Spearman’s rank
order correlation coefficient. Both the absolute values
and normalized percentiles of the CIMT measurements
were analyzed. For statistical purposes, the CIMT values
of the right and left carotids were averaged.
The SLEDAI-2 K was used as a continuous variable or

as a dichotomous variable: SLEDAI-2 k > 5 score (yes or
no), for considering SLEDAI values greater than 5 mod-
erate to severe disease activity. The SLICC/ACR DI
scores were included in the statistical analysis as a di-
chotomous variable with subjects grouped as score of 0
(no damage) or score ≥ 1 (damage present) [30].
The analysis was performed using the SAS 9.2 soft-

ware (The SAS system for Windows, release 9.2. SAS
Inst., Cary, NC. 2011 and R 3.5.1 software). The Stata
software (version 10.0) was used for calculating the
IQD-R. P values < 0.05, were considered to be statisti-
cally significant.

Results
Twenty-eight patients with cSLE were enrolled in the
study.
The point prevalence coefficient of subclinical athero-

sclerosis was 32.14% (CI 95%: 14.8; 49.4) in the evaluated
cSLE patients.
Of the 28 enrolled patients, 78.6% were female, 60.7%

non-caucasian, the mean age at inclusion was 13.9 years
(range 6.4–19.5 years) and 96.4% had Tanner stage ≥2.
The mean disease duration was 30months (range 1–

110 months). The most frequent manifestations were
nephritis (89.2%) – 42.8% of the patients had the Inter-
national Society of Nephrology and the Renal Pathology
Society (ISN/RPS) nephritis classification class IV and
14.2% class V, three patients with estimate creatinine
clearance (CrCl) < 75ml/min/1.73m2 and 28.6% with
moderate or severe proteinuria; hematological alteration
(78.6%) and arthritis (64.2%). Antiphospholipid and anti-
ds-DNA antibodies were positive in 50 and 75% of the
patients, respectively.
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Eighty nine percent of patients had active disease,
60.7% moderate to severe disease activity, based on SLE-
DAI score > 5, and 25% had damage as measured by the
SLICC > 0.
All patients were on hydroxychloroquine use and

92.8% on corticoid use. The mean current total corti-
coid dose was 9 mg (0–40 mg), median 5 mg/day and
accumulated dose used during patient treatment was
19 g (range 0–60.4), median 13 g. In relation to the
average dose of corticoid by kg/day during the treat-
ment, 2 patients (7%) used < 0.15 mg/kg/day; 14 (50%)
used 0.15–0.40 mg/kg/day and 10 (36%) used doses >
0.40 mg/kg/day.
Cyclophosphamide was the most used immunosup-

pressant (53%), followed by azathioprine (32%) and my-
cophenolate (28.6%). Thirty five percent of the patients
were on antihypertensive drugs and 17.8% on acetylsali-
cylic acid (0.5 mg/kg/day).
The traditional risk factors were dyslipidemia (82.1%) -

low levels of high-density lipoprotein (57.1%), hypertri-
glyceridemia (35.7%), uncontrolled hypertension (14.2%)
and obesity (14.3%). One patient had diabetes and three
of the female patients, used oral contraceptive. No pa-
tient was a smoker. No patient had regular practice of
physical activity.
Anthropometric data showed that 64.3% of the pa-

tients had adequate height for sex and age. Only 4

patients (14.3%) were classified as obese by BMI, and
bioimpedance analysis detected excess body fat in 7
(25%) patients. However, 13 (46.4%) patients exhibited
high waist circumference, a factor related to a higher
risk of cardiovascular disease. No patient presented ad-
equate food intake based on the Healthy Eating Index
(HEI > 84). “Poor diet” was reported by 78.6% of the in-
dividuals (HEI < 65).
The mean CIMT was 0.43 ± 0.035 mm. Nine patients

(32.14%), of whom 8 were female, had the diagnosis of
subclinical atherosclerosis based on a CIMT of greater
than or equal to the 90th percentile.
The frequency of boys under 18 years with CIMT

means in the 75-90th percentile and 90-95th percentile
were 66.6 and 16.7%, respectively and one boy over 18
years (16.7%) was in the 10-90th CIMT percentile. In
girls under 18 years, the frequency of CIMT means in
50-75th, 75-90th, 90-95th and above 95th percentile
were 45.4, 13.6, 9.1 and 22.7%, respectively; one girl over
18 years was in the 10-90th (4.5%) and one above 90th
(4.5%) CIMT percentile (Fig. 1).
For univariable relationships analysis between clin-

ical risk factors and subclinical atherosclerosis, the
population was categorized into two groups, with or
without subclinical atherosclerosis. The median of
CIMT was also compared between risk factors
(Tables 1 and 2).

Fig. 1 Example of carotid intima-media thickness (CIMT) of the far wall of the common carotid artery. a Patient with mean CIMT of 0.47 mm
above the 90th percentile for age and sex controls (Doyon et al, Hypertension, 2013), which is considered subclinical atherosclerosis. b Another
patient with a mean CIMT of 0.36 mm within the normal range for age
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In 19/28 (67.8%) patients, no significant correlations were
found between the plasma levels of interleukins (IL), IL-
1alpha, IL-1beta, IL-6, IL-10, IL-17; interferon (IFN) alpha
and gamma and adhesion molecules, vascular cell adhesion
molecule (VCAM-1), intercellular adhesion molecule-1
(ICAM-1) or P-selectin and subclinical atherosclerosis.

Parameters more frequently observed in patients with
subclinical atherosclerosis were: SLEDAI-2 k > 5 (p =
0.04), estimated CrCl < 75 ml/min/1.73 m2 (p = 0.02),
protein to creatinine ratio > 0.2 (p = 0.02) and higher
total cholesterol (p = 0.03). Protein to creatinine ratio ≥
1, moderate to severe proteinuria (p = 0.06) and the

Table 1 Univariate relationships between clinical risk factors and subclinical atherosclerosis and CIMT in juvenile systemic lupus
study participants

Variable (n) Subclinical Atherosclerosis
n (%) or mean [SD]

P value* CIMT – mm
mean [SD]

P value*

Yes No Opposite Dichotomic Control

Female (22) 8 (36.4) 14 (63.6) 0.68 0.42 [0.04] 0.46 [0.05] 0.08

Caucasian (11) 5 (45.4) 6 (54.5) 0.41 0.43 [0.04] 0.44 [0.04] 0.69

Age 13 [3.3] 14.4 [2.8] 0.29

Disease duration in months 39 [34.2] 25.7 [20.4] 0.34

Clinical features

Nephritis (25) 8 (32) 17 (68) 1 0.43 [0.04] 0.42 [0.02] 0.74

Class IV and/or V (16) 7 (43.7) 9 (56.2) 0.12 0.44 [0.04] 0.41 [0.02] 0.052

Neuropsychiatric symptoms (8) 3 (37.5) 5 (62.5) 1 0.43 [0.04] 0.43 [0.04] 1

SLEDAI-2 k > 5 (17) 9 (52.9) 8 (47) 0.04 0.44 [0.05] 0.41 [0.02] 0.04

SLEDAI-2 k 10.9 [5,7] 6.4 [5.6] 0.05

SLICC/ACR DI > 0 (7) 2 (28) 5 (71) 1 0.43 [0.03] 0.43 [0.05] 0.83

Uncontrolled hypertension 3 (75) 1(25) 0.08 0.46 [0.02] 0.43 [0.04] 0.04

Menarche (15) 4 (26.7) 11 (73.3) 0.34 0.42 [0.03] 0.43 [0.05] 0.68

Tanner stage ≥2 (27) 8 (29.6) 19 (70.3) 0.32 0,43 [0,04] 0,43

Short stature (5) 2 (40) 3 (60) 1 0.46 [0.03] 0.43 [0.04] 0.04

Cumulative dose prednisone

< 0.15 mg/kg/day (2) 0 2 (100) 1 0.39 [0.02) 0.43 [0.04] 0.12

0.15–0.40 mg/kg/day (14) 5 (35.7) 9 (64.3) 1 0.44 [0.04] 0.42 [0.04] 0.38

> 0.40 mg/kg/day (10) 3 (30) 7 (70) 1 0.42 [0.03] 0.44 [0.05] 0.74

Actual prednisone dose (mg/ day) 0.4 [0.3] 0.5 [1] 0.64

Cumulative dose prednisone 22.6 [18.1] 16.8 [14.8] 0.46

Cyclosphosphamide (15) 5 (33) 10 (67) 1 0.44 [0.04] 0.42 [0.04] 0.14

Azathioprine (9) 3 (33) 6 (67) 1 0.43 [0.03] 0.43 [0.05] 0.85

Mycophenolate (8) 2 (25) 6 (75) 1 0.44 [0,05] 0.43 [0,04] 0.44

Oral contraceptive use 1 (33.3) 2 (66.7) 1 0.44 [0.04] 0.42 [0.04] 0.42

Nutritional assessment

Excess abdominal fat (WC) (13) 2 (15.4) 11 (84.6) 0.11 0.42 [0.04] 0.44 [0.04] 0.22

Overweight (BMI) (5) 1 (20) 4 (80) 1 0.43 [0.07] 0.43 [0.04] 0.46

Obesity (BMI) (4) 0 4 (100) 0.27 0.43 [0.02] 0.43 [0.04] 0.74

Bioimpedance

Excess body fat (7) 3 (42.9) 4 (57.1) 0.33 0.42 [0.02] 0.43 [0.04] 0.65

Health eating index

Poor diet – HEI < 65 (22) 8 (36.4) 14 (63.6) 0.63 0.43 [0.03] 0.44 [0.06] 0.89

Diet in need to adequate (6) 1 (16.7) 5 (83.3) 0.62 0.44 [0.06] 0.43 [0.03] 0.89

*Fisher and Wilcoxon-Mann-Whitney tests. m media, mm millimeters, SD standard deviation, SLEDAI 2 K Systemic Lupus Erythematosus Disease Activity Index, SLIC
C/ACR DI Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index, CIMT carotid intima-media thickness, WC waist
circumference, BMI body mass index, HEI healthy eating index
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Table 2 Univariate relationships between laboratory evaluation, subclinical atherosclerosis and CIMT in juvenile systemic lupus study
participants

Variable (n) Subclinical Atherosclerosis
n (%) or mean [SD]

P value* # CIMT – mm
mean [SD]

P value #

Yes (9) No (19) Opposite dichotomic Control

Anemia 4 (40) 6 (60) 0.67 0.44[0.03] 0.43[0.05] 0.22

Leukopenia 2 (66.7) 1 (33.3) 0.23 0.43[0.03] 0.43[0.04] 0.58

Lymphopenia 3 (27.3) 8 (72.7) 1 0.42[0.42] 0.44[0.05] 0.40

Hematuria 5 (45.4) 6 (54.5) 0.40 0.44[0.05] 0.43[0.04] 0.29

Leukocyturia 5 (50) 5 (50) 0.21 0.44[0.05] 0.43[0.04] 0.77

Urinary casts 1 (50) 1 (50) 1 0.41[0.03] 0.43[0.04] 0.45

Proteinuria** 7 (58) 5 (41.7) 0.02 0.45[0.04] 0.42[0.04] 0.02

Proteinuria moderate to severe 5 (62.5) 3 (37.5) 0.06 0.44[0.03] 0.43[0.04] 0.28

Estimate CrCl < 75 ml/min/1.73m2 3 (100) 0 0.02 0.47[0.02] 0.43[0.04] 0.04

Estimate CrCl 125.5 [58.9] 162.8 [42.9] 0.14

Anti-dsDNAn 7 (33) 14 (66,7) 1 0.43[0.04] 0.43[0.05] 0.79

Antiphospholipid positive 7 (50) 7 (50) 0.10 0.42[0.04] 0.44[0.05] 0.68

Low complement C3 5 (38) 8 (61) 0.69 0.43[0.05] 0.43[0.04] 0.75

C4 4 (36.4) 7(63.6) 1 0.43[0.04] 0.43[0.04] 0.74

Dyslipidemia 8 (34.8) 15 (65.2) 1 0.43[0.04] 0.43[0.06] 0.95

Triglycerides (≥130mg/dL) 5(50) 5(50) 0.2 0.43[0.04] 0.43[0.05] 0.94

Triglycerides 189.5 [139.8] 118.3 [82.4] 0.07

Total Cholesterol (> 170mg/dL) 6 (60) 4 (40) 0.03 0.44[0.03] 0.43[0.05] 0.24

Total Cholesterol mean [SD] 196.1 [52.5] 148.2 [33.9] < 0.01

LDL 2 (50) 2 (50) 0.57 0.44[0.05] 0.43[0.04] 0.54

LDL means [SD] 84.9 [22.1] 112.6 [47.9] 0.14

HDL (< 45 mg/dL) 5 (31.2) 11 (68.7) 1 0.43[0.04] 0.44[0.04] 0.66

HDL means [SD] 43 [8] 37.3 [11.9] 0.20

High hsCRP 1 (14.3) 6 (85.7) 0.37 0.42[0.03] 0.44[0.04] 0.58

Hyperhomocysteinemia 2 (67) 1 (33) 0.23 0.45[0.02] 0.43[0.04] 0.24

Homocystein mean [SD] 8.4 [3.2] 15 [14] 0.18

Low cyanocobalamin 0 1(100) 1

Cyanocobalamin mean [SD] 433.7 [221.5] 411.5 [201] 0.81

Low folate 0 1(100) 1

Folate mean [SD] 9.4 ± 3.7 10.7 ± 3.8 0.5

IL-1 alpha 1 (33.3) 2(66.7) 1 0.46[0.08] 0.43[0.04] 0.75

IL-17 (2) 0 2 (100) 1 0.42[0.01] 0.44[0.05] 0.39

INF-gamma (4) 1 (25) 3 (75) 1 0.45[0.06] 0.43[0.04] 0.84

IL-10 (7) 2(28.6) 5 (71.4) 1 0.42[0.02] 0.45[0.05] 0.46

IL-1 beta (4) 0 4(100) 0.25 0.41[0.02] 0.44[0.05] 0.24

TNF- alpha (4) 0 4 (100) 0.25 0.41[0.02] 0.44[0.05] 0.24

IL-6 mean [SD] 8.6 [10.5] 14.4 [22.8] 0.42

ICAM-1 mean [SD] 302.9 [81.4] 231.8 [100.9] 0.12

VCAM-1 mean [SD] 728.2 [626] 418.9 [237.4] 0.42

P-selectina mean [SD] 52.0 [21.3] 191.9 [288.5] 0.11

*Fisher and #Wilcoxon-Mann-Whitney tests. ** protein to creatinine ratio ≥ 0.2. LDL low density lipoprotein, HDL high density lipoprotein, hsCRP high sensitivity c-
reactive, protein, IL interleukins, IFN interferon, (IFN), VCAM-1 vascular cell adhesion molecule-1, ICAM-1 intercellular adhesion molecule-1 and P-selectin high
sensitivity c-reactive, protein (hsCRP), CIMT carotid intima-media thickness, SD standard deviation, CrCl creatinine clearance, mm: millimeters
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average of SLEDAI-2 K absolute value (p = 0.05) had
approached significance.
When the media of CIMT in mm was compared be-

tween non-traditional atherosclerosis risk factors related
to SLE, the correlation remained in relation to the SLE-
DAI > 5 (p = 0.04), estimated creatinine clearance < 75
ml/min/1.73 m2 (p = 0.04), protein to creatinine ratio
above 0.2 (p = 0.02) (Fig. 2) and were also significant the
presence of uncontrolled hypertension (p = 0.04) and
short stature (p = 0.04).
There was no perfect or strong Spearman correlation

coefficient (rho) value between carotid intima-media
thickness and studied variables. Cumulative prednisone
dose (rho = 0.52; p < 0.01) and disease duration in
months (rho = 0.52; p < 0.01) had moderate positive cor-
relation with CIMT.
Multivariable adjusted association between clinical risk

factors and CIMT in mm are reported in Table 3.
Variables with significant correlation – SLEDAI-2 k >
5, estimated creatinine clearance < 75 ml/min/1.73 m2,
protein-creatinine ratio > 0.2 and moderate to severe
proteinuria were adjusted for cumulative prednisone
dose used and disease duration in months, total chol-
esterol, triglycerides, high-density lipoprotein, low-

density lipoprotein, presence of uncontrolled hyper-
tension and short stature. Only the SLEDAI-2 k > 5
remained significant (Table 3).

Discussion
The present study shows a prevalence of 32% of sub-
clinical atherosclerosis in childhood-onset systemic
lupus erythematosus. Similar data were reported in a
five-year follow-up prospective study, with 32% of
adult SLE patients displaying evidence of carotid ath-
erosclerosis, compared to 4% in healthy controls [31].
To our knowledge, no other study has yet assessed
the prevalence of subclinical atherosclerosis in cSLE
based on percentiles of CIMT normality and few
studies have assessed the atherosclerosis risk factors
in cSLE patients [4, 6, 32, 33].
Atherosclerosis begins in childhood. The PDAY study

(Pathobiological Determinants of Atherosclerosis in
Youth), which collected data from over 3000 autopsies
in 10 to 15 years-old subjects who died from trauma, re-
ported that nearly 100% had atherosclerotic lesions in
aorta and 50% in coronary arteries [34]. In particular,
pediatric patients with chronic inflammatory disease and
chronic kidney disease are at high risk to manifest

Fig. 2 Carotid intima-media thickness (CIMT) measures in mm in cSLE patients according to SLEDAI-2 k score (≤5 ou > 5), Estimate CrCl < 75ml/
min/1,73 m2, protein to creatinine ratio in cSLE patients. Value distribution is shown by boxplot (Whiskers 5–95 percentile). Data were analyzed
with Mann-Whitney non-parametric test (*P = 0.04 ** P = 0.04 and #P = 0.02)
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cardiovascular diseases before the age of 30 years [35].
Thus, cSLE patients need special attention in the surveil-
lance for atherosclerosis and it is important to evaluate
the arterial health status of these children and adoles-
cents to prevent atherosclerosis progression.
In our study, traditional risk factors, including dyslip-

idemia, uncontrolled hypertension, obesity, diabetes and
contraceptive use, were frequently observed in cSLE and
no patient had adequate food intake. Only one patient
had the recommended regular physical activity level
[15]. In a previous study, Salomão et al. showed that
Brazilian cSLE patients have worse nutritional status
based on lipid and proteomic profiles, homocysteine and
folate levels and higher BMI and WC when compared to
healthy controls [36]. The same was observed in another
Brazilian study where adolescent lupus patients exhib-
ited higher levels of total cholesterol, VLDL, triglycerides
and homocysteine compared to healthy controls [37].
Abad et al. evaluated the impact of nutritional interven-
tion in these patients. The nutritional intervention in a
group of adolescents with lupus for less than 9 months
decreased their energy consumption and intake of mac-
ronutrients such as carbohydrates, total fat, and satu-
rated fat and had a protective effect against the increase
in fat mass [38]. Therefore, the control of traditional risk
factors, mainly with nutritional guidance and incentive
to physical activity, is the first step towards the preven-
tion of cardiovascular diseases.
Endothelial dysfunction, assessed by arterial compli-

ance and distensibility, and arterial structure deterior-
ation, assessed by CIMT, are early events in the
development of cardiovascular disease [7]. Controversial
results have been reported in relation to endothelial

function analysis (brachial artery flow-mediated dilation)
in childhood lupus. Some studies showed no differences
on endothelial function between the control and lupus
subjects [37, 39], whereas others, mainly studies in
adults [32, 40] have shown decreased flow-mediated
dilation in lupus patients compared to control subjects.
The CIMT exam has limitations represented by being
difficult to perform, especially in children, due to the ar-
terial size, to obtain precise measurements and the need
to perform measurements at the same time during the
cardiac cycle [7].
Assessment of CIMT with high-resolution B-mode

ultrasonography has emerged as one of the most
powerful tools for the evaluation of subclinical ath-
erosclerosis [7].
In the present study, both the absolute values and nor-

mality percentiles of the ultrasound measurements were
analyzed, to minimize the limitation of not having a con-
trol group and normal reference values for the Brazilian
population. The two analysis obtained similar results re-
garding the correlation between CIMT in mm or sub-
clinical atherosclerosis by percentiles [25–28]: in the
univariate analysis the associations with SLEDAI-2 k > 5,
estimated CrCl < 75ml / min / 1.73 m2, protein to cre-
atinine ratio > 0.2 were statistically significant. The pres-
ence of uncontrolled hypertension and short stature
were associated only with the media of CIMT in mm
and the cholesterol with subclinical atherosclerosis
group by percentiles. Only the SLEDAI-2 k > 5 main-
tained significant correlation after the adjusted models.
In the Atherosclerosis Prevention in Pediatric Lupus

Erythematosus (APPLE) study, both traditional (increas-
ing age, higher BMI, male sex and higher low-density

Table 3 Multiple adjusted relationships between clinical risk factors and CIMT

Carotid intima-media thickness (CIMT) in mm

Simple model Multiple model

Mo Variable MD p-value 95%CI MD p-value 95%CI

LL UL LL UL

1 SLEDAI 2 K > 5 −0.033 0.03 −0.064 −0.0029 −0.026 0.06 −0.054 0.001

2 SLEDAI 2 K > 5 −0.033 0.03 −0.064 −0.0029 −0.038 0.03 −0.073 −0.0029

3 SLEDAI 2 K > 5 − 0.033 0.03 − 0.064 − 0.0029 − 0.044 0.02 − 0.081 − 0.0065

4 Proteinuria 0.032 0.04 0.0017 0.06 0.017 0.24 −0.012 0.047

5 CrCla −0.045 0.07 −0.094 0.004 −0.023 0.41 −0.082 0.034

6 CrCla −0.045 0.07 −0,094 0.004 0.012 0.87 −0.14 0.16

7 Prot MS 0.011 0.52 −0,024 0.047 0.005 0.84 −0.045 0.055

8 Prot MS 0.011 0.52 −0,024 0.047 0.006 0.7 −0.026 0.039

mm millimeters, CI confidence interval, SLEDAI 2 K Systemic Lupus Erythematosus Disease Activity Index. aCrCl - estimated creatinine clearance < 75 ml / min /
1.73 m2, Proteinuria- protein-creatinine ratio above 0.2; Prot MS -moderate to severe proteinuria; LL lower limit, UL upper limit, CI confidence interval, MD
difference between the means
Models 1, 4, 5, 8 adjusted by cumulative prednisone dose used and disease duration in months
Model 2 adjusted by total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, low-density lipoprotein
Models 3, 6, 7 adjusted by total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, low-density lipoprotein, presence of uncontrolled
hypertension and short stature
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lipoprotein) and nontraditional risk factors (longer SLE
duration, increased creatinine clearance, proteinuria,
azathioprine use and prednisone doses) were associated
with increased CIMT in 221 lupus patients under 21 years.
Vitamin D deficiency was independently associated with
elevated hsCRP, a marker of inflammation, which predicts
cardiovascular disease risk [6]. In our study, in univariate
analysis, only cholesterol levels had a significant associ-
ation with subclinical atherosclerosis with respect to trad-
itional risk factors and only one patient exhibited vitamin
D deficiency.
Although the exact mechanism of atherosclerosis in

lupus is not clearly defined, there is evidence that an im-
balance between endothelial damage and atheroprotec-
tive mechanism seems to be a central event. Insults lead
to endothelial damage, and several cytokines and adhe-
sion molecules are involved in this process [41–45].
Neither increased hsCRP nor plasma levels of the cyto-

kines, most frequently correlated with atherosclerosis in
previous studies in lupus, including interleukins (IL), IL-
1alpha, IL-1beta, IL-6, IL-10, IL-17; interferon (IFN)
alpha and gamma, adhesion molecules, vascular cell ad-
hesion molecule (VCAM-1), intercellular adhesion
molecule-1 (ICAM-1) or P-selectin, exhibited significant
associations with subclinical atherosclerosis. The small
sample size may explain the apparently contradictory re-
sults in relation to cytokines in our study.
However, moderate to severe disease activity score was

an independent risk factor, suggesting that active inflam-
mation may play a role in subclinical atherosclerosis
progression. It is possible that other markers of inflam-
mation may be involved, since atherosclerosis is a
chronic multifactorial inflammatory disease [46, 47].
Unlike the APPLE study, our study shows no associ-

ation between CIMT and use of immunosuppressive
drugs, such as azathioprine and prednisone, including
current and cumulative doses. Since all patients were
using hydroxychloroquine, it was not possible to assess a
beneficial effect of the drug on serum lipids, as in previ-
ous studies [48].
Regarding disease activity, Baragetti et al., considering

SLEDAI changes in a longitudinal study, showed that
most patients who develop carotid atherosclerosis are
characterized by persistent or worsened disease activity
during the five-year observation period, independently of
traditional risk factors. In addition, specific T cells sub-
sets such CD4+ CCR5 + T cells were independently as-
sociated with development of carotid atherosclerosis in
SLE patient in this study [31]. Su-Angka et al. reported
no significant differences in CIMT between 102 patients
with cSLE disease activity and the control group (in-
active lupus) [32]. The differences between our study
and Su-Angka’s report may be related to the age of pa-
tients, since they included younger patients, mean 12

(10.8–15.6) years old in their study in comparison to
ours, 13.9 (6.4–19.5) years old. In addition, their report
excluded patients with other atherosclerosis risk factors,
such as diabetes mellitus and family history of
hypercholesterolemia.
The renal involvement, with the highest scores in the

disease activity index, has been associated with CIMT.
Falashi et al. evaluated twenty-six cSLE patients and re-
ported that patients with nephrotic-range proteinuria
have significantly higher CIMT than those without pro-
teinuria [4]. History of lupus nephritis and hypertension
were correlated with CIMT in a seven-year surveillance
in another SLE study that showed no difference in pro-
gression of subclinical atherosclerosis between patients
with mild lupus and control subjects [49]. On the other
hand, Sharma et al. reported no significant differences in
CIMT between 102 SLE patients with and without neph-
ritis, although the nephritis group exhibited a higher
SLEDAI score, more persistent inflammation and, conse-
quently, higher risk to developed arterial injury leading
to early end-organ damage [50]. In our study estimated
CrCl < 75 ml/min/1.73 m2 and moderate to severe range
proteinuria were associated with CIMT, although no sig-
nificant association was found after the adjusted models.
Huang et al., in a six-year period longitudinal study,

reported that lymphopenia at diagnosis and higher base-
line levels of serum creatinine and C-reactive protein are
positively associated with progression of CIMT, but only
lymphopenia is consistently associated with progression
of CIMT in multivariable analysis [33]. Our study
showed no specific association with hematological
changes and CIMT. However, despite the different re-
sults among the studies, they invariably show associa-
tions between clinical and laboratory findings and
disease activity. Thus, adequate control of disease activ-
ity, in addition to monitoring traditional risk factors, is
essential to prevent atherosclerosis in cSLE.
Despite great diversity in the studied population and

the ethnic origin of cSLE patients, it is agreed that lupus
patients are at high risk of developing atherosclerosis, re-
gardless of traditional risk factors.
Longitudinal studies with long time follow up and

standardization of validated measurement procedures
for the studied population are necessary. Until now,
most studies, including ours, correlate active lupus and/
or factors related to disease activity with a higher inci-
dence of subclinical atherosclerosis or rapid progression
to atherosclerosis.
The CIMT is a non-invasive, reproducible, low cost,

and high accuracy tools for the evaluation of subclinical
atherosclerosis. But, until now, no standard recommen-
dation is available for monitoring patients for the pro-
gression of atherosclerosis with this method in clinical
practice, including periodic assessment time [6].
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However, international clinical trials were able to dem-
onstrate a significant decrease in CIMT within 1 year
with diet and exercise intervention [51] and 2 years after
statin therapy intervention [52]. Thus, 1 year is already
sufficient for changes in CIMT values. Although longitu-
dinal studies, with a long time follow up and
standardization of validated measurement procedures
are necessary, we recommend checking the risk factors
for atherosclerosis of cSLE patients, including disease
activity, at every medical visit, and assessment of the
CIMT at least every 2 years.
The early institution of measures to prevent athero-

sclerosis progression, decreasing long-term cardiovascu-
lar complications, could provide a better quality of life
and longer survival to our patients.
Our study has limitations that include a small sample

size, cross-sectional design and absence of a control
group. However, to our knowledge, this is the first study
that uses the normative percentile values for CIMT in
children and adolescents with lupus to categorize them
into two groups, with and without subclinical athero-
sclerosis. Our data clearly show an adequate and strong
association between the mean CIMT in mm, a marker of
subclinical atherosclerosis, and disease activity in cSLE.

Conclusions
Subclinical atherosclerosis is frequently observed in
cSLE, mainly in patients with moderate to severe disease
activity. Our findings highlight the importance of man-
agement of traditional risk factors and adequate control
of disease activity to prevent atherosclerosis and conse-
quently cardiovascular diseases.
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