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Abstract

Juvenile spondyloarthropathy is an umbrella term for a group of childhood rheumatic diseases
that can cause chronic arthritis extending to the axial skeleton before the age of 16. Although
ankylosing spondylitis has aortic involvement as one of its most important effects, this relation-
ship has not been extensively studied in children with juvenile spondyloarthropathy. Here, a
cross-sectional study of the elastic properties of the aorta of 43 patients with juvenile spondy-
loarthropathy and 19 healthy controls is reported. Aortic stiffness assessed by echocardiography
was used to predict the presence of aortitis, supplemented by pulsed-wave tissue Doppler indi-
ces. The right ventricular fractional area change was found to be significantly lower in the
patients with juvenile spondyloarthropathy than in the healthy controls; aortic strain and dis-
tensibility were also significantly lower, and aortic stiffness index βwas significantly higher; and
the aortic root diameter change was significantly lower. According to HLA-B27 positivity, there
was no difference in the stiffness parameters between the two groups. There was a significant
correlation between juvenile Ankylosing Spondylitis Disease Activity Index and aortic diameter
change, between juvenile Ankylosing Spondylitis Disease Activity Index and aortic stiffness.
Thus, juvenile spondyloarthropathy is linked to high aortic stiffness parameters.

Juvenile spondyloarthropathy is an umbrella term for a group of childhood rheumatic diseases
that can cause chronic arthritis and extend to the axial skeleton before the age of 16. It includes
enthesitis-related arthritis, undifferentiated spondyloarthritis, juvenile ankylosing spondylitis,
psoriatic arthritis, reactive arthritis and arthritis associated with inflammatory bowel disease.1,2

Cardiovascular disease is common amongst juvenile spondyloarthropathy patients and the
major cause of death amongst adult patients with ankylosing spondylitis.3

Aortic stiffness reflects the mechanical tension and elasticity of the aortic wall. It has been a
predictor of cardiovascular disease and has been shown to increase in ankylosing spondylitis
patients even when controlled for traditional cardiac risk factors.4

Aortic stiffness evaluated with echocardiography techniques such as tissue Doppler
and strain imaging has a high degree of accuracy even when compared with invasive
measurements.5,6 The purpose of the present study is to investigate whether aortic stiffness pres-
ence in juvenile spondyloarthropathy and besides, could assessment with echocardiography
predict aortic stiffness relation to the severity of juvenile spondyloarthropathy.

Material-methods

Study population

The study population comprised of 51 patients with juvenile spondyloarthropathy being
followed-up at the Department of Paediatric Rheumatology outpatient clinic at Cerrahpasa
Medical School, Istanbul University-Cerrahpasa, together with 21 healthy controls. The control
group was made up of healthy controls of similar age and sex as the patient group. The patients
in the control group had no history of any chronic disease. In addition, we selected non-obese/
overweight individuals with no family history of cardiovascular disease. They were chosen from
the individuals who attended to outpatient clinic for routine checks/innocent murmur/
adolescence follow-up, etc. Patients with history or other evidence of congenital heart disease,
any rhythm abnormalities, other chronic systemic diseases (renal and pulmonary diseases, dia-
betes, etc.), and those taking medications other than juvenile spondyloarthropathy therapy were
excluded. Age, sex, gender, follow-up duration, family history, clinical, laboratory and radiologi-
cal findings and treatment were all recorded. The same paediatric cardiologist evaluated the
cardiac functions of the patients. The juvenile spondyloarthropathy diagnosis was made
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according to the International League of Associations for
Rheumatology criteria for juvenile idiopathic arthritis (JIA).7 All
the patients also fulfilled the classification criterion for juvenile
spondyloarthropathy. Inflammatory back pain was defined as
the presence of three or more of the following: (1) improvement
with exercise, (2) pain at night, (3) insidious onset and (4) no
improvement with rest.8 The juvenile Ankylosing Spondylitis
Disease Activity Index was used to calculate disease activity.9

Modified Schober’s limitation was defined as 4 cm or less expan-
sion of the column in measurements over 15 cm.

We also sub-grouped the juvenile spondyloarthropathy
patients according to their medications (those on non-steroidal
anti-inflammatory drugs, on conventional disease-modifying
anti-rheumatic drugs and on biological disease-modifying anti-
rheumatic drugs). We evaluated the aortic stiffness parameters
according to the different drug treatment groups.

Echocardiographic imaging

After their informed consent had been gained, the patients were
given a physical and echocardiographic examination, arterial blood
pressure measurements and an ECG tracing. Before the echocar-
diography, blood pressure was measured at the right brachial
artery using an electronic sphygmomanometer (Braun BP6200,
Germany) with the patient supine. All the patients and controls
were evaluated with conventional echocardiography and pulsed-
wave tissue Doppler indices by the same paediatric cardiologist,
who was blinded to the patient history.

Transthoracic echocardiography was performed in the
Paediatric Cardiology Department using a commercially available
echocardiographymachine (Philips iE33, PhilipsMedical Systems)
equipped with X5–1S MHz transducer. The echocardiographic
examination was performed in the left lateral decubitus/supine
position. A standard trans-thoracic echocardiogram was used in
M-mode with two-dimensional Doppler flow assessments and tis-
sue Doppler imaging. All pulsed-wave Doppler and tissue Doppler
imaging parameters were measured at a sweep speed of 100 mm/s
at the end of expiration, and the average of three consecutive heart-
beats was recorded. All measurements were performed according
to the recommendations of the American Society of
Echocardiography. The left ventricular ejection and shortness frac-
tions were calculated using the Teichholz formula.10

Right ventricular functions were analysed with right ventricular
fractional area change. Right ventricular fractional area change
represents a “‘surrogate’” measurement of RV ejection fraction
and is expressed as the percentage change in the right ventricular
chamber area from end-diastole to end-systole. Tricuspid annular
plane systolic excursion is a parameter of global right ventricular
function that describes apex-to-base shortening.5,11

The recommended method for the assessment of ventricular
diastolic dysfunctions are mitral valve and tricuspid valve inflow
measurement fromDoppler scan recordings. These consist of peak
early diastolic velocity (e wave), peak late diastolic velocity (a wave,
atrial filling) and calculation of the e-to-a ratio for each ventricle.
Tissue Doppler echocardiography was performed to measure peak
early and late diastolic flow velocities (e’ and a’, respectively, cm/s)
in the lateral tricuspid/mitral annulus views. In normal function,
the e wave is bigger than the a wave, but with impaired relaxation,
the e-to-a ratio will fall because of the increasing atrial filling wave
(a wave).5

The ascending aorta was imaged at 3 cm above the aortic valve
from the parasternal long-axis view. The systolic aortic diameter
was measured at the point of maximal anterior motion of the
ascending aorta (systole) and the diastolic aortic diameter was
measured at the q wave on the ECG (end-diastole) using M-mode
echocardiography. In the data analysis, the mean of three diameter
measurements in sequential cardiac cycles was used. Four elastic
indices of aortic stiffness, namely aortic distensibility, stiffness
index, strain and elastic modulus, were calculated as

Aortic distensibility ¼ Aortic strain
Brachial pulse pressure

Stiffness index ¼ ln systolic blood pressure=diastolic blood pressure
Aortic strain

Aortic strain ¼ Aortic systolic diameter � Aortic diastolic diameter
Aortic diastolic diameter

Elasticmodulus ¼ systolic blood pressure� diastolic blood pressure
Aortic strain

where ln = natural logarithm (see Fig 1).15

Statistical analysis

Statistical analysis was performed using SPSS version 21.0 (IBM,
Armonk, NY). The distribution of variables was assessed by the
Kolmogorov–Smirnov and Shapiro–Wilk tests. While categorical
variables were given as numbers and percentages (n [%]), continu-
ous variables were given as mean ± standard deviation (SD) or
median (minimum–maximum), according to their distribution.
The Student’s t-test was used to compare continuous variables with
normal distribution, while those without a normal distribution
were compared using the Mann–Whitney U test. Spearman’s cor-
relation coefficient correlation analysis was performed to test the
relationship between linearly related variables. A receiver operat-
ing characteristic curve analysis was performed to test diagnostic
accuracy for discrimination of the target patients from controls
and to determine optimal cut-off values. We performed a post hoc
power analysis to confirm that the current study had adequate
power (99%). In all analyses, a value of p< 0.05 was taken as sta-
tistically significant.

Results

Characteristics of the juvenile spondyloarthropathy patients
and healthy controls

From the initial 51 juvenile spondyloarthropathy patients and 21
controls, 8 patients were excluded due to poor imaging and 2 chil-
dren from the control group discontinued their participation.
Thus, we finally assessed 43 patients with juvenile spondyloarthr-
opathy and 19 controls. The mean age was 15.1 ± 3.1 years for the
juvenile spondyloarthropathy patients and 14 ± 2.9 years for the
control group (p> 0.05). The mean age at diagnosis was 12.4 ± 3.2
years and the median follow-up duration was 17 (1–139) months.
The electrocardiogram readings were unremarkable for all the
study populations with an absence of arrhythmias and conduction
abnormalities. Six juvenile spondyloarthropathy patients also had
a familial Mediterranean fever, and one other patient had
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inflammatory bowel disease. A family history of ankylosing spon-
dylitis was detected in 18 (41.8%) of the patients. The demo-
graphic, clinical, radiologic and laboratory features of the study
group are represented in Table 1.

Comparison of TTE Doppler imaging findings in juvenile
spondyloarthropathy patients and controls

The comparison of theM-mode echocardiographic examination of
the groups is shown in Table 2. The mean change in right ventricu-
lar fractional area was significantly lower in patients with juvenile
spondyloarthropathy than in controls, [40%±0.07 vs. 44%±0.06,
p< 0.05].

Aortic stiffness and its associations

The comparison of elastic properties of the aorta between two
groups is given in Table 3. Aortic stiffness and aortic distensibility
were significantly lower in the juvenile spondyloarthropathy than
the control group, and aortic stiffness index β was significantly
higher. The aortic root diameter chance of the aorta was signifi-
cantly lower amongst the juvenile spondyloarthropathy patients
(Table 3).

There was no correlation between the stiffness index and
inflammation markers. Pearson’s correlation analysis revealed a
significant correlation between the juvenile Ankylosing
Spondylitis Disease Activity Index and aortic diameter change,
and there was also a significant correlation between the juvenile

Ankylosing Spondylitis Disease Activity Index and aortic stiffness
in juvenile spondyloarthropathy patients (r= 0.320, p= 0.03), and
(r= 0.320, p= 0.03, power (1–β)= 0.99, and r= 0.3104, p= 0.04,
power (1–β)= 0.997, respectively) (Fig 2).

Receiver operating curve analysis revealed the best cut-off value
of the echocardiographic stiffness parameters in the juvenile spon-
dyloarthropathy patients and controls. A stiffness index of over
2.77 was identified with a sensitivity of 93% and specificity of
87% (area under the curve: 0.939 [95% CI: 0.8–1.00, p= 0.000]),
aortic strain under 12% with a sensitivity of 87% and specificity
of 83% (area under the curve: 0.943 [95%CI: 0.88–1.00, p= 0.000])
and aortic distensibility under 0.007 with a sensitivity of 87% and
specificity of 86% (area under the curve: 0.930 [95% CI: 0.86–0.99,
p= 0.000]) identified patients for aortic root stiffness. The area
under the curves for elastic modulus, aortic diameter change were
0.930 and 0.93, respectively (Fig 3).

According to the HLA-B27 positivity, there were no differences
in the stiffness parameters between the juvenile spondyloarthrop-
athy patients and control group (Table 4).

No correlations were found between arterial stiffness and dis-
ease duration. There were no significant differences amongst
sub-grouped juvenile spondyloarthropathy patients according to
their medications, which were on non-steroidal anti-inflammatory
drugs on conventional disease-modifying and on biological
disease-modifying anti-rheumatic drugs (Table 5).

The non-steroidal anti-inflammatory drugs, conventional dis-
ease-modifying anti-rheumatic and biological disease-modifying

Figure 1. Measurement of aortic root diameters for calcula-
tion of stiffness parameters by transthoracic echocardiogra-
phy; diastolic (a) and systolic (b) frames of images in the
parasternal long-axis view of aortic root.
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Table 1. Demographic features of patients with Juvenile spondyloarthropathy and controls

Juvenile spondylitis
(n: 43) Healthy

control
(n: 19)n (%) or mean ± SD

Age (years) 15.1 ± 3.1 14 ± 2.9†

Female 16 (37.2) 8 (50)‡

Age at the time of diagnosis (years) 12.4 ± 3.2 –

Follow-up Duration (months) 17 (1–139) –

Clinical Findings

Morning Stiffness 16 (37.2)

Back Pain 9 (20.9)

Hip Pain 10 (23.3)

Enthesopathy (Ever) 12 (27.9) –

Arthritis of lower extremities and/or hips (Ever) 35 (81.4)

Sacroiliac joint tenderness 9 (20.9)

Limitation of the Schober test 3 (7)

Duration of morning stiffness at the time of diagnosis (minutes) 17.4 ± 23.2 –

Duration of morning stiffness at the time of study (minutes) 11 ± 22.1 –

HLA-B27 positivity† 18 (41.8) –

JSPADAI score‡ 0.5 (0–5.5)

Visual Analog Score (Physician) 0 (0–5) –

Visual Analog Score (Patient) 0 (0–7) –

Findings of antero-posterior X-ray of pelvis

Normal 24 (55.8)

Suspicious 6 (14)

Erosion and sclerosis 13 (30.2) –

Early findings of the ankylosis –

Total ankylosis –

MRI findings

Bone marrow edema 20 (46.5)

Erosion 18 (41.9)

Sclerosis 18 (41.9) –

Synovitis 10 (23.3)

Enthesitis 4 (9.3)

Coexisting Diseases

FMF 6 (14)

IBD 1 (2.3)

Uveitis 0 (0)

Treatment

Methotrexate 36 (83.7)

Leflunomide 5 (11.6)

Sulphasalazine 6 (13.9) –

Etanercept 8 (18.6)

Adalimumab 10 (23.2)

†p= 0.390. There is no significant difference between the patients and the healthy control for age (p value= 0.390).
†p= 0.276. There is no significant difference between the patients and the healthy control for sex (p value= 0.276).
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anti-rheumatic drugs, inflammatory markers (thrombocytosis,
erythrocyte sedimentation rate, C-reactive protein) associations
with aortic stiffness parameters were not significant. The only asso-
ciation close to significance was the one with C-reactive protein
(r= 0.39, p= 0.06).

Discussion

In this analysis of children and young adults with juvenile spondy-
loarthropathy, we used transthoracic echocardiography to derive
several markers of aortic stiffness at the aortic root. We found that

echocardiographic-derived aortic stiffness increased in compari-
son with controls, worsening with higher disease severity.

Although increased aortic stiffness in adult ankylosing spondy-
litis patients has been previously demonstrated, this is the first
study to investigate the relationship between aortic stiffness in
young patients (i.e., with juvenile spondyloarthropathy). In addi-
tion, we also studied the association of stiffness with inflammatory
markers, disease duration and HLA-B27 positivity. To calculate
aortic root stiffness, we used transthoracic echocardiography,
which has optimal acoustic windows in young adults (in contrast
to adults).

Table 2. Comparison of echocardiographic findings for juvenile spondyloarthropathy patients and control group

JSpA
mean ± SD or

median (min–max)
(n= 43)

Healthy control
mean ± SD or

median (min–max)
(n= 19) p

Ejection fraction (%) 66.5 ± 4.4 63.7 ± 4.1 ns

Shortening fraction (%) 36.6 ± 3.4 34.5 ± 3.2 ns

Transmitral_a (cm/s) 0.56 ± 0.11 0.54 ± 0.09 ns

Transmitral_e (cm/s) 0.92 ± 0.13 0.93 ± 0.19 ns

e-to-a’ ratio 1.66 ± 0.34 1.69 ± 0.24 ns

e-to-e’ ratio 4.6 (3.5–45) 4.4 (3.7–6.4) ns

LV MPI 0.33 ± 0.08 0.35 ± 0.04 ns

Mitral lateral tissue_Doppler _a’ (cm/s) 0.07 (0.05–0.13) 0.08 (0.04–0.11) ns

Mitral lateral tissue_Doppler _s’ (cm/s) 0.12 (0.07–0.9) 0.1 (0.07–0.13) ns

Mitral lateral tissue_Doppler _e’ (cm/s) 0.19 ± 0.03 0.13 ± 0.02 ns

RV FAC 0.40 ± 0.07 0.44 ± 0.06 0.03a,b

Tricuspid tissue_Doppler _a’ (cm/s) 0.09 ± 0.02 0.08 ± 0.02 ns

Tricuspid tissue_Doppler _e’ (cm/s) 0.15 (0.1–0.8) 0.13 (0.1–0.2) ns

e-to-a’ ratio 1.5 (0.72–4) 1.6 (1.2–2.2) ns

TAPSE 22 (18–26) 21 (19–31) ns

ns; not significant at p< 0.05.
JSpA=juvenile spondyloarthropathy; LV MPI=left ventricular myocardial performance index; RV=right ventricle; RV FAC=right ventricle fractional area change;
TAPSE=tricuspid annular plane systolic excursion.
aStudent’s t-tes.t
bPost hoc power analysis (1−β)= 0.50.

Table 3. Comparison of patients and healthy controls for aortic stiffness parameters

JSpA
mean ± SD or

median (min–max)
(n= 43)

Healthy control mean ± SD or
median (min–max)

(n= 19) p Power (1−β)

Aortic diameter change 1.73 ± 0.76 3.5 ± 0.87 0.000a,b# 0.997

Strain (As) 0.08 (0.02–0.18) 0.19 (0.1–0.28) 0.000b,c 0.997

Elastic modulus (Ep) 468.3 (165.5–2132.6) 190.7 (109.5–383.8) 0.000 b,c 0.997

Stiffness index 5.23 (1.97–23.2) 2.12 (1.35–4.34) 0.000 b,c 0.999

Distensibility (Ad) 0.004 ± 0.002 0.01 ± 0.003 0.000 b,c 0.999

JSpA=juvenile spondyloarthropathy.
aStudent’s t-test.
bPost hoc power analysis (1−β)= 0.99.
cMann–Whitney U test.
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Extra-articular manifestations, such as genitourinary involve-
ment and apical pulmonary fibrosis, which are seen in adult spon-
dyloarthropathy patients, are uncommon amongst juveniles.
Cardiac valvar abnormalities in juvenile spondyloarthropathy,
however, in particular aortic insufficiency, have been reported at
similar rates to those in adult SpA.12 A distinctive cardiac lesion
is found in patients with spondyloarthropathy. This lesion is aortic
regurgitation or, rarely, mitral regurgitation.8 Dilatation and thick-
ening of the walls of the proximal aortic root along with thickening
and shortening of the aortic valve cusps have been shown in his-
topathological reports. Specifically, the development of a fibrous

mass (or bump) below the aortic valve has been shown in patients
with ankylosing spondylitis.13–18

Several, mostly small-scale studies have indicated that ankylos-
ing spondylitis is also associated with various non-atherosclerotic
cardiovascular disease manifestations, and it is hypothesised that
the inflammatory processes in ankylosing spondylitis affect differ-
ent structures of the heart, leading to these complications. Aortitis
has been well noted in the literature.19 Aortic regurgitation because
of the inflammatory process leads to an endarteritis with tissue
thickening. Previous studies reported a prevalence ranging from
1 to 10% that increased with age, disease duration, and presence

Figure 2. (a) Receiver operating characteristic curve analysis for elastic modulus, aortic stiffness index. Aortic Stiffness index shows the best area under the curve (0.939) to
predict juvenile spondyloarthropathy patients from healthy controls over 2.77 with a sensitivity of 93% and specificity of 87%. (b) Receiver operating characteristic curve analysis
for aortic distensibility (Ad), strain (As) and diameter change. Ad shows the best area under the curve under to predict juvenile spondyloarthropathy patients from healthy controls
(0.930 with a sensitivity of 87% and specificity of 86%).

Figure 3. Correlations between the juvenile Ankylosing Spondylitis Disease Activity Index and aortic diameter change and strain (As) in juvenile spondyloarthropathy patients.
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of arthritis.20 Two recent studies using transthoracic echocardiog-
raphy reported prevalence of aortic regurgitation in 4 of 88 patients
(5%) and 20 of 77 (26%) patients.21,22

In our study, the patient group did not exhibit aortic regurgi-
tation. This should not be surprising given their age and the short
duration of the disease. In agreement with us, a study that used
transesophageal echocardiography showed thickening of the aortic
and mitral valves without regurgitation in adult ankylosing spon-
dylitis patients early in the course of their disease, without clinical
cardiac symptoms. The authors of that study suggested that this
subclinical change of aortic-mitral valve in early ankylosing spon-
dylitis should be followed up for its prognostic implications.23

Since ankylosing spondylitis patients are 60% more likely than
the general population to be hospitalised with (aortic) valve dis-
ease, it appears that aortic regurgitation might still be an important
problem.24

In an adult study, Ozen et al.25 evaluated aortic stiffness as a
measure of cardiac disease using arterial stiffness and the associ-
ated haemodynamic changes for an independent predictor and risk
factor for cardiovascular mortality and morbidity. They suggested
that arterial stiffness has been directly associated with systolic
hypertension, coronary artery disease, stroke, and cardiac failure.
In another study, it was found that aortic stiffness was increased in
ankylosing spondylitis patients.4 Further when the ankylosing
spondylitis patients were divided into groups according to their
drug treatment, the aortic stiffness index was higher in the conven-
tional disease-modifying anti-rheumatic drugs group than in the
control group. The aortic stiffness index was lowest in the anti-
TNF group. Similarly, to the adult studies, in our study also, the

juvenile spondyloarthropathy patients had a relatively high aortic
stiffness index with, accordingly, reduction in aortic compliance.
Unlike the adult studies, however, we found no difference between
the drug treatment groups. This could be a conclusion of our study
group’s features as adolescentsmostly without any cardiovascular risk
factors. Furthermore, only four of our patients had a systolic blood
pressure over 95% as a known risk factor for cardiovascular disease.
Therefore, aortitis possibly results in aortic root stiffness, which may
precede hypertension in juvenile spondyloarthropathy patients.

Inflammatory markers are higher in ankylosing spondylitis
patients. A 5-year cross-sectional study showed raised that
C-reactive protein associated with an increase in arterial stiffness.26

In another study, a positive relationship was found between arterial
stiffness, disease activity and loss of function.27 The authors dem-
onstrated that erythrocyte sedimentation rate and C-reactive pro-
tein were mostly high in ankylosing spondylitis patients on
conventional disease-modifying anti-rheumatic drugs. Aortic
stiffness was also high in this group, suggests that an increase in
stiffness is associated with the inflammatory process.27 In our
study, we found a similar relation with disease activity and strain.
Aortic root strain was lower in juvenile spondyloarthropathy
patients with high juvenile ankylosing spondylitis disease activity
index scores. Disease duration may also play a role in the develop-
ment of arterial stiffness. Recognising that the majority of juvenile
spondyloarthropathy patients in our study did not have a long-
standing disease, still, there were no correlations between arterial
stiffness and disease duration.28

In older patients, measures of aortic root stiffness can be limited
by poor acoustic windows.29 In our patient group, that was not a

Table 4. Comparison of cardiac stiffness parameters for positivity of B27

HLA-B27 positive
mean ± SD or

median (min–max)
(n= 18)

HLA-B27 negative
mean ± SD or

median (min–max)
(n= 23) p

Aortic diameter change 1.51 ± 0.81 1.85 ± 0.64 ns

Strain (As) (%) 0.07 (0.02–0.18) 0.09 (0.03–0.13) ns

Elastic modulus (Ep) 468.3 (165.5–2132.6) 425.7 (180.8–1684.9) ns

Stiffness index 6.5 (1.97–23.2) 4.48 (2.08–18.78) ns

Distensibility (Ad) (cm2/dyn/10−1) 0.003 ± 0.002 0.005 ± 0.002 ns

ns; not significant at p< 0.05.

Table 5. Comparison of cardiac stiffness parameters according to medications

*NSAIDs
mean ± SD or

median (min–max)
(n= 6)

**cDMARDs
mean ± SD or

median (min–max)
(n= 20)

**bDMARDs
mean ± SD or

median (min–max)
(n= 17) p

Aortic diameter change 1.82 ± 1.09 1.6 ± 0.72 1.76 ± 0.65 ns

Strain (As) (%) 0.07 (0.03–0.18) 0.08 (0.02–0.13) 0.08 (0.02–0.14) ns

Elastic modulus (Ep) 705.7 (165.5–1036) 514.3 (180.8–1544.9) 442.1 (257.6–2132.6) ns

Stiffness index 6.85 (1.97–13.06) 5.8 (2.08–17.46) 5.1 (2.82–23.2) ns

Distensibility (Ad) (Ad) (cm2/dyn/10−1) 0.005 ± 0.004 0.004 ± 0.002 0.004 ± 0.002 ns

*Non-steroidal anti-inflammatory drugs.
**Conventional disease-modifying anti-rheumatic drugs.
***Biological disease-modifying anti-rheumatic drugs.
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problem; in fact, we had optimal acoustic windows for measure-
ments. In addition, the validity and reproducibility of the echocar-
diographic methods used for local assessment of arterial stiffness,
such as elastic modulus, distensibility and stiffness index, are lim-
ited by their dependence on the patient’s blood pressure.30–32

Despite almost all of our patients with juvenile spondyloarthrop-
athy being normotensive, they had impaired arterial stiffness
parameters. This finding emphases that the significance of
this study.

Increased arterial stiffness is an independent predictor of
cardiovascular disease. A significant association of high-sensitivity
C-reactive protein with arterial stiffness has been demon-
strated.33,34 Produced by vascular smooth muscle cells with stimu-
lation of inflammatory cytokines, C-reactive protein plays an active
role in promoting vascular inflammation and reducing endothelial
function.35 In this study, we set the significance level p-value= 0.05
of C-reactive protein correlated to arterial stiffness. Although there
was no statistically significant difference in the aortic stiffness
parameters between patients neither with positive nor with nega-
tive C-reactive protein values, the observed p-value was 0.06. We
did not measure high-sensitivity C-reactive protein, generally used
for risk assessment of cardiovascular events, which has extended
C-reactive protein detection limits even in low concentrations.
Our data depend on patients’ records in files as positive or negative
according to C-reactive protein level with a cut-off of 5 mg/L
instead of quantitative results. To exclude this limitation, we found
out 18 patients recorded as negative C-reactive protein level had
3–5 mg/L in immune assays but we could not integrate these values
into statistical analysis. Therefore, we believe aortic stiffness may
be related to C-reactive protein level likely as arterial stiffness.

Another study of an adult normotensive population demon-
strated that an increase in systemic inflammation, by an increase
in high-sensitivity C-reactive protein, is an independent predictor
of future development of hypertension.36 The authors suggested that
systemic inflammation might play a role in the pathogenesis of vas-
cular remodeling that leads to the development of hypertension. The
fact that we have normotensive patients with impaired arterial stiff-
ness paratemeters supports the hypothesis of a role for systemic
inflammation in the development of hypertension.

Limitations

Many studies showing advanced echocardiographic techniques (such
as speckle tracking echocardiography) reveal systolic dysfunction
even though cardiac functions are normal on conventional echocar-
diography.37,38 We could not use advanced echocardiographic tech-
niques as this was the first study to investigate the cardiac
functions and aortic stiffness in juvenile spondyloarthropathy
patients, we could not easily have predicted further possible correla-
tions. High-sensitivity C-reactive protein in addition to C-reactive
protein could have been measured for subclinical inflammation as
used in adult studies. Limited follow-up time of our study may not
reveal the progress of cardiac functions secondary to aortic stiffness.

Conclusion

This study has shown that juvenile spondyloarthropathy patients
have high aortic stiffness parameters disproportionate with their
age and healthy matches. The importance of arterial stiffness in
the etiopathogenesis of atherosclerosis has been clearly demon-
strated. Appreciating the role of inflammation in the pathogenesis
of arterial stiffness in juvenile spondyloarthropathy patients is

important in understanding the complex puzzle that is the patho-
physiology of arterial stiffening and, thus, important also for the
future development of novel treatments for juvenile spondy-
loarthropathy patients.

Obviously, close follow-up with echocardiography is manda-
tory for possible sub-clinical cardiac dysfunction in patients
with juvenile spondyloarthropathy. In addition, juvenile spondy-
loarthropathy patients with aortic stiffness should be managed
with effective suppression of inflammation to reduce possible
cardiovascular morbidity.
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