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Abstract

Background: To assess the subclinical cardiovascular affection in juvenile idiopathic arthritis (JIA) Egyptian patient
subtypes using Doppler ultrasonography (US) for carotid and femoral arteries and detecting their predictors

Results: Forty percent of the patients were polyarticular type, while 40% were systemic onset and 20% were
oligoarticular. There was a statistically significant difference between JIA and controls in all parameters of subclinical
atherosclerosis by ultrasonography except right external carotid velocity and (right and left) femoral velocity. There
was also a highly significant increase in intima-media thickness (IMT) in systemic onset type of JIA. There was a
statistically positive correlation between increased internal carotid velocity (right and left) and high erythrocyte
sedimentation rate (ESR), high-sensitivity C-reactive protein (hs-CRP), lipid profile, and disease activity. High disease
activity and lipid profile were valid predictors of subclinical atherosclerotic cardiovascular affection in JIA.

Conclusion: Increased cardiovascular risks and subclinical atherosclerosis in patients with JIA especially systemic
onset type may be due to higher prevalence of multiple risk factors in these patients. Doppler ultrasonography is a
simple, non-invasive technique which can be used to detect subclinical atherosclerosis in JIA. Control of disease
activity by treat to target strategy and proper diet control should be applied for every patient with JIA especially
those with systemic onset type for future prevention of cardiovascular disease.

Keywords: Subclinical atherosclerosis, Juvenile idiopathic arthritis, Carotid Doppler ultrasound, Femoral Doppler
ultrasound, Intimal medial thickness (IMT)

Background
Juvenile idiopathic arthritis (JIA) is the most common
pediatric rheumatic disease and is associated with sig-
nificant long-term morbidity and mortality [1]. JIA, an
autoimmune disorder, is caused by a combination of en-
vironmental and genetic factors [2]. JIA classification is
based on predominant clinical manifestation and labora-
tory features within the first 6 months of disease [3].
As JIA is a chronic inflammatory disease, it has long-term

effects on many organ systems, including the cardiovascular
system [4]. Atherosclerosis is a chronic disease of the arteries

in the adult population; however, atherosclerotic changes
have their beginning in childhood. The severity of athero-
sclerosis correlates with the number and intensity of risk fac-
tors such as high body mass index, blood pressure, total
cholesterol, low-density lipoprotein (LDL), triglyceride con-
centration, and low high-density lipoprotein (HDL) [5]. The
inflammation is considered to be an essential factor in ath-
erosclerosis development by stimulating atheroma formation,
destabilization of damaged atherosclerotic plaques, and for-
mation of occlusive thrombi [6].
Inflammation is involved in all aspects of atherogen-

esis. From the initation of endothelial cell activation to
foam cell formation to the development of an athero-
sclerotic lesion and to the rupture of the “vulnerable” fi-
brous cap, all these eventually result in acute coronary
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syndrome and potentially death. An inflammatory lesion
is the site of interaction among endothelial cells, mono-
cytes, and T cells [7].
The association of JIA with increased incidence of sub-

clinical atherosclerosis and a possible increased future car-
diovascular risk has not been adequately investigated [8].
The ultrasonography is an advancing technology and a
safe and non-invasive imaging which has led to significant
improvements in diagnosis [9]. Doppler ultrasound (US) is
the method that enables the analysis of total blood flow
and measures the diameter of the arteries [10].
The aim of this study was to assess the subclinical car-

diovascular affection in JIA Egyptian patient subtypes
using Doppler ultrasonography for carotid and femoral
arteries and detecting their predictors.

Methods
Patients
This study was carried out in outpatient and inpatient
clinics in the Rheumatology and Rehabilitation Depart-
ment and Radiodiagnosis Department, Faculty of Medi-
cine, on 60 subjects who were divided into 2 groups.

Group I (juvenile idiopathic arthritis group)
It included 30 patients who fulfilled the International
League of Associations for Rheumatology diagnostic cri-
teria for juvenile idiopathic arthritis, according to the
2011 revised American College of Rheumatology guide-
lines [11].

Group II (control group)
Thirty normal volunteers were studied, and they were
age and sex matched with the patients.
Written informed consent was obtained from parents,

and verbal assent was obtained from all children and ad-
olescents for their study participation. The study was ap-
proved by the local ethical committee of Zigazig
University Hospitals (number 3052/20-9-2017).

Exclusion criteria
The exclusion criteria are as follows: onset of disease
after 16 years old, hypertension, diabetes mellitus, renal
insufficiency, obesity, evidence of cardiovascular disease
or received drugs affecting the cardiovascular system
(antihypertensive drugs, nitrate, and statins), smoking,
family history of cardiovascular disease, and patients
with inflamed synovium related to trauma, septic arth-
ritis, malignancy, or other bone disease.

Type of study
This is a case control study.

Data collection
Full history taking was done (with special stress on morning
stiffness in minutes; types and pattern of joints affected; past
and family history of diabetes mellitus, hypertension, or car-
diovascular affection; and history of medications used for dis-
ease control either steroid, conventional disease-modifying
drugs, or biological disease-modifying drugs).
General and local musculoskeletal examination for

each case was done with stress on body mass index,
blood pressure, and cardiovascular examination, and also
joint inspection for swelling, palpation for tenderness,
and range of motion for the following joints: cervical
spine, elbow, wrist, metacarpophalangeal, proximal in-
terphalangeal, interphalangeal of the thumb, hip, knee,
and ankle.

Laboratory investigations
Complete blood picture; erythrocyte sedimentation rate
(ESR); high-sensitivity C-reactive protein (hs-CRP); liver
function test; kidney function tests; lipid profile assess-
ment including total cholesterol, HDL, and LDL; and
serum triglycerides were performed using Dimension
RxL max auto-analyzer (Siemens Healthcare Diagnostics
Ltd., UK). Fasting blood sugar, glycoslated hemoglobin,
and rheumatoid factor were also investigated.

Assessment of disease activity
We used the Juvenile Arthritis Disease Activity Score
(JADAS-27) [12] that included the following four mea-
sures: physical global assessment of disease activity, par-
ent/patient global assessment of well-being, count of joint
with active disease, and ESR. The JADAS-27 was calcu-
lated as the simple linear sum of the score of its 4 compo-
nents; the disease activity according to JADAS-27 was
considered inactive (< 1), low (1.1–2 and 1.1–3.8), moder-
ate (2.1–4.2 and 3.9–8.5), and high (> 4.2 and> 8.5),
respectively [13].

Ultrasonography
Carotid Doppler ultrasonography (US) is a popular tool
for evaluating atherosclerosis of the carotid artery. All
high-resolution B-mode ultrasonography of the right
and left carotid arteries was performed with a linear 7.5-
mHz transducer (Philips) by a single reader unaware of
the patients’ status. The subjects were placed in the su-
pine position with the head turned slightly to the left
and right. The optimal patient head position is tilted
about 45° away from the artery being examined. The
common, internal, and external carotid arteries were
identified by combined B-mode and color Doppler US
examination. A careful search was performed to obtain
an optimal visualization of the vessel wall demonstrating
the typical double line representing the intima-media
layer. Carotid IMT was defined as the distance between
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the leading edge interface of the far wall and the leading
edge interface of the median adventitia interface of the
far wall with an automated edge tracking method. The
ultrasonic protocol requires the visualization of the near
and the far wall of the right and left common carotid, in-
ternal carotid artery, and bifurcation in three different
projections: anterior, lateral, and posterior, for a total of
18 carotid segments per patient; these determinations
were averaged carotid IMT: normal CIMT value ≤ 0.5
mm [14]. Normal blood flow velocity < 125 cm/s [15].
In femoral imaging, the patient lays in supine position

with the hip slightly externally rotated and the knee
flexed. The common femoral artery was scanned 2 cm
proximal to its bifurcation, and superficial femoral artery
2 cm distal to common femoral artery bifurcation on
both sides. In femoral IMT, normal ≤ 0.5 mm [16]. Nor-
mal blood flow velocity < 125 cm/s [17].

Statistical methods
All data were collected, tabulated, and statistically ana-
lyzed using SPSS 20.0 for Windows (SPSS Inc., Chicago,
IL, USA). Quantitative data were expressed as the mean
± SD, and qualitative data were expressed as absolute
frequencies (number) and relative frequencies (percent-
age). Student’s t test was used to compare between two
groups of normally distributed variables. F (ANOVA
test) was used between more than two dependent groups
of normally distributed variables. Percentage of categor-
ical variables were compared using chi-square test or
Fisher’s exact test when appropriate. Pearson’s correl-
ation coefficient was calculated to assess the relationship
between various study variables, the plus (+) sign indi-
cates direct correlation and the minus (−) sign indicates
inverse correlation; also, values near to 1 indicate strong
correlation and values near 0 indicate weak correlation.
Multiple regression was used for detecting predicting
factors for a dependant variable on several independent
variables. All tests were two-sided. A p value ≤ 0.05 was
considered statistically significant (S), and > 0.05 was
considered statistically insignificant (NS).

Results
This study included 60 subjects: 30 of them were suffer-
ing from JIA, and the other 30 subjects (control group)

were normal volunteers apparently free from any disease
who were age and sex matched with the JIA group.
There was no statistically significant difference between
the patients and controls as regards age, sex, and body
mass index (Table 1).
As regards JIA patient subtypes, 40% were systemic

type, 40% polyarthritis type, and 20% oligoarticular type
of JIA patients.
When comparing parameters of subclinical atheroscler-

osis by ultrasound, there was a statistically significant dif-
ference between JIA patients and healthy controls as
regards all parameters of subclinical atherosclerosis by
ultrasound except the right external carotid velocity and
(right and left) femoral velocity (Table 2).
Our results found a statistically significant difference

between the subtypes of juvenile idiopathic arthritis pa-
tients as regards IMT of examined arteries and velocity
except the left femoral velocity (p < 0.05). There was a
highly significant increase in IMT of the common ca-
rotid arteries and internal carotid blood flow velocity in
both the right and left sides in systemic type more than
polyarthritis and oligoarthritis types (Table 3).
When we studied the correlation between the subclin-

ical atherosclerosis parameters by US and patients’ char-
acterstics, we found a significant correlation between the
right and left internal carotid artery velocity and the
right and left common carotid artery IMT with demo-
graphic characters, parameters of disease activity, and la-
boratory parameters of JIA patients p ≤ 0.05 except for
fasting blood sugar. Significant negative correlation be-
tween HDL and the right internal carotid artery velocity
is shown in Fig. 1, and significant positive correlation be-
tween the JADAS-27 and right common carotid artery
IMT is shown in Fig. 2.
It was observed that low HDL level and high ESR are

significant predictors for increased right internal carotid
velocity among JIA patients (p ≤ 0.05) and shows that
increased LDL level and active joints are significant pre-
dictors for increased left internal carotid velocity among
JIA patients (p ≤ 0.05). From our results, we found also
that morning stiffness, low HDL, and high LDL are sig-
nificant predictors for increased right common carotid
IMT among JIA patients (p ≤ 0.05) and show that in-
creased morning stiffness and high LDL are significant

Table 1 Demographic data of the studied groups

Variables Juvenile idiopathic arthritis (n = 30) Control (n = 30) Test of sig p

Age, mean ± SD 16.4 ± 10 17.3 ± 9.8 t = 0.4 0.7 (NS)

Sex

Female (%) 19 (63) 20 (67) χ2 = 0.07 0.7 (NS)

Male (%) 11 (37) 10 (33)

Body mass index, mean ± SD 20.3 ± 6.2 22 ± 5 t = 1.2 0.2 (NS)

χ2 = chi square test, t = Student’s t test of significance. SD standard deviation, NS insignificant
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predictors for increased left common carotid IMT
among JIA patients (p ≤ 0.05) (Table 4).

Discussion
Chronic inflammation has been recognized as a risk fac-
tor in the pathogenesis of atherosclerosis. Thus, the
interplay between traditional risk factors, exposure to
corticosteroids, and chronic inflammation can probably
create a perfect storm for early atherogenesis in the JIA
population leading to increased incidence of cardiovas-
cular diseases in the long term [18]. Subclinical athero-
sclerosis can be assessed in research work using some
non-invasive procedures for the evaluation of structural

changes in the arterial wall as blood flow velocity and
carotid IMT by Doppler US [19].
We assessed the subclinical atherosclerosis in (JIA) pa-

tient subtypes and their relation to potential risk factors
using carotid and femoral doppler ultrasonography, and
we found in our results the following: 30 JIA patients
and 30 controls were included, and there was no signifi-
cant difference in age, sex, and body mass index between
the patients and controls. Also, we found in our study
that 40% of our cases were systemic type, 40% polyar-
thritis type, and 20% oligoarthritis type.
In contrast to our finding, Ahmad et al. [20] found

42% had oligoarticular type, 34% had polyarticular type,

Table 2 Comparison between juvenile idiopathic arthritis patients and healthy controls as regards parameters of subclinical
atherosclerosis by ultrasonography

Juvenile idiopathic arthritis patients (N = 30) Control (N = 30) t p

Right internal carotid velocity 112.7 ± 49 80.9 ± 16 3.3 0.002*

Right external carotid velocity 77.5 ± 14 74.5 ± 15 .8 0.4

Right common carotid velocity 108 ± 44.5 83.4 ± 16 2.8 0.007*

Right common carotid intima thickness 0.65 ± 0.11 0.48 ± 0.02 7.8 0.00001*

Left internal carotid velocity 119 ± 31 77.6 ± 22.3 5.9 0.0001*

Left external carotid velocity 90. ± 20 74.3 ± 12.2 3.7 0.0001*

Left common carotid velocity 115.6 ± 52 80.9 ± 14 3.5 0.001*

Left common carotid intima thickness 0.64 ± 0.1 0.47 ± 0.04 7.9 0.00001*

Right femoral velocity 73 ± 23 67.3 ± 9.87 1.2 0.2

Right femoral intima thickness 0.53 ± 0.04 0.48 ± 0.03 4.9 0.0001*

Left femoral velocity 71.9 ± 19 72.9 ± 10.5 0.2 0.8

Left femoral intima thickness 0.53 ± 0.04 0.48 ± 0.03 4.3 0.0001*

*Statistically significant p < 0.05

Table 3 Comparison between juvenile idiopathic arthritis patients subtypes as regard parameters of subclinical atherosclerosis by
ultrasonography

Juvenile idiopathic arthritis f p

Oligarthritis (n = 6), mean ± SD Polyarthrits (n = 12), mean ± SD Systemic (n = 12), mean ± SD

Right internal carotid velocity 76.3 ± 16.4 72.8 ± 11.6 170.8 ± 7.4* 265 0.0001 (S)

Right external carotid velocity 66.7 ± 11.5 64.7 ± 7.5 88.3 ± 7.3* 27 0.0001 (S)

Right common carotid velocity 81 ± 1.5 73 ± 15 157 ± 25* 67 0.0001 (S)

Right common carotid intima
thickness

0.49 ± 0.01 0.61 ± 0.05 0.78 ± 0.04* 118 0.0001 (S)

Left internal carotid velocity 81.7 ± 23.8 111 ± 11.8 145 ± 24* 22 0.0001 (S)

Left external carotid velocity 80.7 ± 19 85 ± 12 101 ± 23* 3.4 0.048 (S)

Left common carotid velocity 75.7 ± 14.5 73.8 ± 11.5 177.5 ± 5.3* 365 0.0001 (S)

Left common carotid intima
thickness

0.49 ± 0.01 0.59 ± 0.02 0.75 ± 0.05* 152 0.0001 (S)

Right femoral velocity 44 ± 15.4 81.7 ± 18* 78.58 ± 20 9 0.001 (S)

Right femoral intima thickness 0.5 ± 0 0.5 ± 0 0.57 ± 0.04* 16 0.0001 (S)

Left femoral velocity 59.3 ± 11 71.6 ± 15 78.6 ± 24 2 0.13 (NS)

Left femoral intima thickness 0.5 ± 0 0.5 ± 0 0.57 ± 0.05* 16 0.0001 (S)

f = ANOVA test; S significant, NS non-significant
*LSD was for the systemic onset subtype in all subclinical atherosclerosis parameters except right femoral velocity was for the polyarticular subtype
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and 24% had systemic type of JIA. Ebraheem et al. [21]
reported oligoarticular, polyarticular, and systemic types
of JIA were 45.45%, 27.27%, and 27.27%, respectively.
Also, the prevalence of oligoarticular category was 51.1%
in Nordal et al. [22] and was 65.2% in Picarelli et al. [23]
study which were higher than that in our study, and this
contrast may be explained by that most of the systemic
subtype patients who needed biological therapy were re-
ferred to our hospital even from insurance hospitals for
a specialized healthcare service
We reported a statistically significant decrease in HDL

with significant increase in ESR, hs-CRP, total choles-
terol, LDL, and triglyceride level in patients than in

controls. In agreement with us, Urban et al. [24] revealed
increased concentrations of total cholesterol, LDL, and
triglycerides with decreased concentrations of HDL in
early JIA patients and absence of clinical signs of obesity.
Gonçalves et al. [25] found reduced levels of HDL in 51
children with JIA compared with healthy controls, with
lower levels of LDL and triglycerides. Marangoni et al.
[26] found decreased levels of HDL in patients with
polyarticular JIA. Breda et al. [27] found JIA children
have increased levels of inflammatory markers, pro-
inflammatory cytokines, total cholesterol, triglycerides,
and LDL cholesterol.
Also, Aulie [28] studied 87 patients with well-

characterized JIA and 87 randomly selected age- and
gender-matched controls and reported levels of hs-CRP
to be higher in patients than in controls. In contrast to
our results, Jednacz and Rutkowska-Sak [29] found no
differences between two groups as regards lipid profile
and hs-CRP. Also, Pickard [30] reported that there was
no significant difference in LDL, cholesterol, or CRP in
JIA patients in comparison with controls. It could be ex-
plained by a relatively low number of patients.
As regards Doppler US findings, we found a higher

IMT of the right and left carotid arteries among JIA pa-
tients than healthy controls with statistically significant
difference.
In agreement with us, Ebraheem et al. [21] and Breda

et al. [27] reported that carotid IMT was significantly
higher among JIA patients as compared to controls with
no significant difference among JIA subtypes. Compat-
ible also with our results, there was increased IMT in
JIA patient in comparison with controls in the study by
Głowińska-Olszewska et al. [31]. Similarly, the mean
IMT value was higher in the patients with JIA than in
the control subjects according to Ilisson et al. [1]. And
in accordance with our results also, US examination of
the participants in Ahmad et al. [20] study revealed the
carotid IMT of the JIA patients was higher compared
with controls.
In contrast to our results, Satija et al. [32], Vlahos

et al. [8], Evenesen et al. [33], and Pickard [30] did not
demonstrate differences in IMT between healthy chil-
dren and children with JIA. This discrepancy probably
reflects differences in study population regarding JIA
subtypes involved, disease duration, and current medica-
tions. Jednacz and Rutkowska-Sak [29] did not demon-
strate differences in IMT between healthy children and
children with JIA, but this study did not include children
with systemic type in which the intensity of the inflam-
matory process was particularly high.
We found a highly significant increase in both carotid

and femoral IMT and blood flow velocity in systemic
subtype of JIA patients except for the left femoral
velocity.

Fig. 1 Negative correlation between high-density lipoprotein
(milligrams/deciliter) and right internal carotid artery
velocity (centimeters/second)

Fig. 2 Positive correlation between right common carotid artery
intima-media hickness and JADAS-27
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In agreement with our results, Vlahos et al. [8] re-
ported that there was a difference in IMT among chil-
dren with oligoarticular, polyarticular, or systemic
disease. IMT was significantly increased in patients with
systemic compared to oligoarticular disease. IMT was
also higher in systemic compared to polyarticular dis-
ease, although this did not reach statistical significance,
suggesting a greater cardiovascular risk in this subgroup
of patients. Increased IMT in patients with systemic
compared to oligoarticular and polyarticular JIA ob-
served in the present study was attributed to differences
in age and other classic cardiovascular risk factors such
as body mass index, lipids, and blood pressure, as well as
disease-related features such as disease activity and cor-
ticosteroid treatment. Also, Ahmad et al. [20] concluded
that JIA patients with subclinical atherosclerosis, with
systemic disease, and with active disease are at greatest
risk of developing subclinical heart failure [20].
In contrast, Breda et al. [27] found that IMT signifi-

cantly differs between patients with oligo- and polyar-
thritis not systemic. Similarly, Pietrewicz and Urban [34]
found higher IMT in the polyarthritis group compared
with oligoarthritis children (0.46 mm vs. 0.43 mm). Also,
Ebraheem et al. [21] and Evensen et al. [33] found no
significant difference among JIA subtypes as regards ca-
rotid IMT, and this might have been explained by the
fact that the study group did not include children with a

systemic disease where the intensity of inflammatory le-
sions is especially high.
In our study, there was a significant negative correl-

ation between common carotid arteries, internal carotid
artery (right and left) IMT, and atherosclerosis parame-
ters of JIA patients such as age, duration of disease, and
HD lipoprotein, while we found a significant positive
correlation with subclinical atherosclerosis parameters of
JIA patients such as morning stiffness duration, global
assessment, parent assessment, JADAS-27, number of
active joint, ESR, cholesterol, triglyceride, LDL, hs-CRP,
HbA1c. In agreement with our study, Breda et al. [27],
Dessein et al. [35], and Acevedo et al. [36] revealed that
carotid IMT significantly correlated with cholesterol and
LDL levels.
In our study, the morning stiffness and LD and HD li-

poproteins are significant predictors for the right com-
mon carotid IMT versus morning stiffness and LD
lipoprotein for the left common carotid IMT. Also, the
LD lipoprotein level and number of active joints were
significant predictors for the left internal carotid
velocity.
Evensen et al. [33] found that patients who had a

JADAS score above the median value of 4.75 had higher
IMT values than the patients with a score below the me-
dian value (mean ± SD 0.56 ± 0.08 vs. 0.60 ± 0.06, p =
0.03), but still not significantly different from the con-
trols; this may suggest more subclinical atherosclerosis

Table 4 Multiple regression analysis to predict risk factors for abnormal right and left internal carotid velocity and right and left
common carotid intima-media thickness among juvenile idiopathic arthritis patients

Unstandardized
coefficients

t p 95% confidence interval

Lower limit Upper limit

Variables for right internal carotid artery velocity

HDL − 1.84 2.3 0.006 (S) − 3.94 − 0.2

ESR 0.67 2.2 0.029 (S) 0.043 1.29

Constant 143.7

Variables for left internal carotid artery velocity

Number of active joints 1.56 2.6 0.016 (S) 0.3 2.8

LDL 0.8 2.7 0.01 (S) 0.2 1.4

Constant 0.98

Variables for right common carotid artery (IMT)

Morning stiffness 0.003 2.617 .015 0.001 0.006

HDL 0.01 2.786 .010 .003 .017

LDL 0.005 3.485 .002 0.002 .007

Constant − 0.674

Variables for left common carotid artery (IMT)

Morning stiffness 0.003 2.129 .043 0.000 0.005

LDL 0.005 3.796 .001 0.002 0.007

Constant − 0.31

HDL high-density lipoprotein, ESR erythrocyte sedimentation rate, LDL low-density lipoprotein, IMT intima-media thickness
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in patients with a more active JIA disease [33]. Polak
et al. [37] reported that total cholesterol was not corre-
lated to common carotid artery IMT and age was the
strongest predictor of common carotid artery IMT. In
addition, HDL cholesterol, smoking, hypertension, and
diabetes had a significant relation to the IMTs of both
common carotid arteries, but he did not differentiated
between the right and left side [37]. Future follow-up
studies to investigate the effect of medical treatment on
the cardiovascular risks in children and adolescents with
JIA are needed. The limitation of the study was that the
BMI, nutritional profile, and family history of cardiovas-
cular disease were not included in the study.

Conclusion
Finally, there is increased risk of cardiovascular disease
in JIA patients although clinical signs are rare in chil-
dren. It is unclear as to whether the risk extended to all
subtypes or only to those with sustained inflammation,
but it is more in systemic onset and persistent active
polyarticular types due to their higher level of systemic
inflammation. JIA is considered a cardiovascular risk as
part of generic health advice within routine clinical care.
Doppler US is a simple, non-invasive technique that
could be used to detect subclinical atherosclerosis in
JIA. Regular follow-up for early detection of atheroscler-
osis in JIA using Doppler US even if no symptoms are
present was recommended. Further research is needed
to define the mechanism of atherosclerosis in JIA pa-
tients. Control of disease activity by treat to target strat-
egy and proper diet control should be applied for every
patient with JIA especially those with systemic onset
type for future prevention of cardiovascular disease.
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