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Endothelial Dysfunction in Children  
with Juvenile Psoriatic Arthritis

Lenka Turoňová1, Kristína Kubejová2,*, Karolína Vorčáková3, Peter Ďurdík1, Tatiana Péčová3,  
Klára Martinásková4

A B S T R AC T
Background: To evaluate the presence of endothelial dysfunction in Slovak children with juvenile psoriatic arthritis in the absence of classic 
cardiovascular risk factors in order to assess its relationship to the disease activity and disability.
Methods: 25 juvenile psoriatic arthritis patients (JPSA) and 25 healthy controls aged 6–19 years were enrolled into this study. In all subjects 
vascular measurements over a period of three years (January 2013 – January 2016) were performed, in accordance with the guidelines for 
ultrasonographic evaluation of FMD% (flow-mediated endothelial dependent vasodilatation) of the brachial artery. The measured items 
were compared to the variables reflecting the disease activity and disability.
Results: Significantly lower FMD% values in patients with JPSA when compared to healthy controls {mean(SD), median, range: 5.49% (3.77), 
3.55, 0.3–13.0 vs. 9.28% (1.72), 9.3, 6.4–13.1} (p < 0.001) have been documented. Strong correlations between FMD% values and disease 
duration (p < 0.01), non-specific inflammatory markers levels (p < 0.001) or functional disability (p < 0.01) have been observed. Significantly 
lower FMD% values in patients with an early disease onset (JPSA onset < 5 years of age) when compared to the rest of JPSA group {mean 
(SD), median, range: 4.39% (2.47), 4.45, 0.9–13.2 vs. 6.38% (1.42), 6.3, 3.2–12.1} (p < 0.01) have also been detected.
Conclusion: Study is the only one addressing endothelial dysfunction development in Slovak children with psoriatic arthritides. We state 
that endothelial dysfunction is present in these patients even during childhood and in the absence of classic cardiovascular risk factors. 
Its development seems to be related to an early disease onset as well as to the increased disease activity and disability. Potential genetic 
predictors have also been identified.
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INTRODUCTION

Association of adult-onset psoriatic arthritis (PsA) with 
relatively high risk of cardiovascular (CV) morbidity has 
been well established (1–14). Recent metaanalyses discov-
ered that patients with PsA had a 43% higher risk of hav-
ing (or developing) cardiovascular diseases compared to 
non-psoriatic individuals, while the risk of developing an 
incident cardiovascular event was 55% higher in PsA pa-
tients compared with the general population. Furthermore, 
the risk of each of the individual cardiovascular outcomes 
was increased, including MI (68%), cerebrovascular diseas-
es (22%), and heart failure (31%) in PsA patients compared 
with the general population (3). The presence of psoriasis 
(PS) on the other hand largely contributes to this fact, re-
garding especially timeliness of its occurrence, its severity 
(15, 6) and in adults, frequent association with traditional 
CV risk factors and fully developed metabolic syndrome (17).

Moreover, the prevalence of CV manifestations in pso-
riatic arthritides exhibits strong correlations to the levels 
of non-specific inflammatory markers, as well as to the PS/
PsA duration (18). On the other hand, the question arises 
as to whether the risk of subclinical CV manifestations in 
psoriatic arthritides appears to be higher even in the low 
age groups, ie. in the groups of young children without 
presence of classic CV risk factors. However, it is assumed 
that the release of inflammatory markers and mediators 
at a stage of high disease activity significantly potentiates 
the formation of endothelial dysfunction (ED) and thus, 
despite the absence of conventional CV risk factors, might 
predispose to atherosclerosis (ATS) as well as the resulting 
complications. Whereas the inflammatory genesis of ED 
development is (under the same conditions) also expect-
ed during childhood, by contrast, the presence of ED in 
juvenile psoriatic arthritides (JPSA) remains very poorly 
defined (worldwide). Endothelial dysfunction represents 
a key step in the initiation and maintenance of atheroscle-
rosis and may serve as a marker for future risk of cardio-
vascular events (19, 20). It can be noninvasively measured 
by detecting the postoclussive flow mediated vasodilation 
(FMD%) of the brachial artery using high sensitive ultra-
sonography (B-mode) (20). This study was aimed to assess 
whether ED is present in children with JPSA in Slovakia 
(even providing the absence of classic CV risk factors) and 
to evaluate to what extent it is related to the disease activ-
ity and functional disability.

MATERIAL AND METHODS

The study was realized over a period of three years (Jan-
uary 2013 – January 2016). Children with JPSA aged 6–19 
years (n = 25) and 25 healthy controls were included. Only 
patients fulfilling the ILAR (International League of Asso-
ciations for Rheumatology) criteria for JPSA were included 
(21). These were as follows: 1) juvenile arthritis and psoria-
sis or 2) arthritis and at least two of the following a) dactyli-
tis, b) nail pitting or onycholysis, c) positive family history 
of psoriasis in a first-degree relative. Patients with JPSA 
were sub-categorized in one of the following categories ac-
cording to the characteristic patterns of joint involvement: 

1) polyarticular onset, 2) monoarticular or assymetrical ol-
igoarticular onset, 3) predominant involvement of the dis-
tal interphalangeal joints, 4) involvement of the sacroiliac 
joints. With regards to the ILAR exclusion criteria all in-
cluded patients were rheumatoid factor (RF) negative. No 
family history of HLA B27 associated disease and no onset 
of arthritis in a male with HLA B27 antigen positivity af-
ter the age of 6th. year were detected. Patients with sys-
temic onset of juvenile idiopathic athritis were excluded.

We aimed to eliminate the presence of traditional CV 
risk factors in our study by expanding the exclusion cri-
teria such as: 1) presence of hypertension (blood pres-
sure > 95.th percentile for given age, gender and body 
hight), 2) presence of diabetes mellitus (defined as fast-
ing plasma glucose ≥ 7.0 mmol/L), 3) prediabetes (defined 
as borderline fasting plasma glucose ranging from 5.6 to 
6.9  mmol/L), 4) dyslipidaemia (defined as total choles-
terol ≥ 4.85 mmol/L, low-density lipoprotein cholesterol 
≥ 3.25 mmol/L, high-density lipoprotein ≤ 0.85 mmol/L, 
triacylglycerides ≥ 1.50 mmol/L) 5) obesity (body mass in-
dex > 95.th percentile), 6) evident CV disease or positive 
history of well-defined atherosclerotic events, 7) smoking, 
8) treatment with antihypertensive agents, antiaggregant 
drugs or estrogens. In all included subjects, the renal func-
tion values fell within the reference range.

Activity of JPSA was evaluated according to the criteria 
presented by Giannini et al. (22). Variables in the core set 
included: 1) physician global assessment of overall disease 
activity on visual analogue scale (VAS), range 0–10 cm, 
2) parent or patient global assessment of overall well-be-
ing on visual analogue scale (range 0–10 cm), 3) assess-
ment of functional disability (23), 4) number of joints with 
active arthritis, 5) number of joints with limited range of 
motion, and 6) markers of inflammation – erythrocyte sed-
imentation rate (ESR) or C-reactive protein (CRP) levels.

On the whole, the fasting plasma glucose, serum lipid 
profile, blood pressure values, body mass index (BMI), age 
at the JPSA onset, JPSA activity and disability as well as the 
JPSA duration were assessed. Moreover, some laboratory 
predictors of disease severity course (antinuclear anti-
bodies and major histocompatibility complex class I and 
II) were evaluated. In all patients vascular measurements 
were performed, in accordance with the guidelines for 
FMD% ultrasonographic evaluation of brachial artery as 
shown by Corretti et al. (24). The measurements were per-
formed using high-resolution Doppler ultrasound (Acuson 
Antares 5.0, Siemens Medical Solutions).

Informed consent was obtained from all subjects or 
from their parents in underaged patients with prior ap-
proval of the ethics committee in Martin, Slovakia. All 
procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of 
the institutional research committee and with the 1964 
Helsinki declaration and its later amendments or compa-
rable ethical standards.

STATISTICAL ANALYSIS

The results have been analyzed using statistical program 
SPSS (version 14.0, SPSS Inc., Chicago, IL 60606-6412, 
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USA). Continuous data have been expressed as mean ± 
standard deviation (SD), median and range. Categorical 
data have been presented directly as numeric and 
percentage expression. We compared categorical data and 
proportions using the chi-square test or Fisher’s exact test 
as indicated. FMD% values have been compared using the 
Mann-Whitney test. The correlation between continuous 
variables was assessed using Pearson’s linear correlation 
coefficients (r). P ≤ 0.05 has expressed a  statistically 
significant difference between the compared variables. 

RESULTS

Demographic, clinical and laboratory features of chil-
dren with JPSA are shown in Table 1. Most patients of the 
JPSA group (76%) were treated with NSAID (non-steroidal 
antirheumatic drugs), of that 14 (56%) children received 
naproxen in a dose of 10–20 mg/kg/day, 5 (20%) patients 
received ibuprofen in a dose of 30–40 mg/kg/day. No pa-
tient was treated with systemic corticosteroids. At the 
time of study, 21 (84%) patients were using Disease Modi-
fying Antirheumatic Drugs (DMARDs). 18 (72%) were tak-
ing methotrexate in a dose of 0.3–0.5 mg/kg once a week, 
2 (8%) of patients received sulphasalazine in a  dose of 
50 mg/kg/day. 1 (4%) patient received adalimumab (40 mg 
once per 14 days).

The outcome showed a significantly lower FMD% values 
in patients with JPSA when compared to healthy controls 
{mean (SD), median, range: 5.49% (3.77), 3.55, 0.3–13 vs. 
9.28% (1.72), 9.3, 6.4–13.1} (p < 0.001). We have also detected 
the significant correlations between FMD% and the level 
of CRP or ESR values (p < 0.001). Likewise, in patients with 
JPSA the significant correlations between FMD% values 
and disease duration (p < 0.01), CHAQ (Childhood Health 
Assessment Questionnaire) disability index (range  1–3) 
(p < 0.01) and physician global assessment of disease 
activity on the visual analogue scale (VAS) (p < 0.01) 
have been observed. No significant relations have been 
detected between the FMD% values and values of assessed 
traditional CV risk factors. The interpretation of data is 
shown in Tables 2 and 3. We also compared some clinical 
and laboratory features between early-onset JPSA group 
with remaining JPSA patients (we used age 5 years as the 
cut-off based on our previous findings) (25). Significantly 
lower FMD% values in patients with an early disease onset 
when compared to the rest of JPSA group (late onset JPSA) 
{mean (SD), median, range: 4.39% (2.47), 4.45, 0.9–13.2 vs. 
6.38% (1.42), 6.3, 3.2–12.1} (p < 0.01) have been detected. 
Similarly, in early-onset JPSA subgroup significantly 
higher frequency of the presence of HLA DRw8, HLA DR 
5 or both (p < 0.005) has been documented. Moreover, 
higher degree of functional disability (CHAQ) and disease 
activity (number of swollen joints, number of painful 

Tab. 1 Characteristic of JPSA patients.

Variable Patients
(n = 25)

Controls
(n = 25)

P value

Age (years), mean±SD 
At time of this study 
At the time of JPSA onset

13.91 ± 2.98
8.43 ± 2.83

14.01 ± 3.0 0.34

Boys/Girls 11/14 11/14 1.00
Age < 5 years at the time of JPSA onset, n (%) 12 (48%)
JPSA Duration (years) 5.48 ± 3.91
JPSA Activity and disability
No. of swollen joints
No. of painful joints
No. of joints with limited ROM
VAS 1 (0–10 cm)
VAS 2 (0–10 cm)
CRP (mg/L) 
ESR (mm/hour) 
CHAQ disability index (range 1–3)
Morning stiffness (min.)

2.0 ± 1.2
2.91 ± 1.57
2.12 ± 1.34
2.6 ±1.4
2.8 ± 1.7
12.82 ± 8.58
17.91 ± 8.6
0.81 ± 0.54
17.5 ± 10.58

2.29 ± 1.4
5.91 ± 3.43
0.00 ± 0.02

<0.001
<0.001
<0.01

Other JPSA characteristics
Polyarticular onset, n (%)
Mono- or assymetrical oligoarticular onset, n (%)
Predominat impairment of DIP, n (%)
Sacroiliitis, n (%) 
Nail changes, n (%),anytime during the course of disease 
Dactylitis, n (%),anytime during the course of disease 
Enthesitis, n (%),at the time when the examination is carried out
ANA, n (%)
HLA B27, n (%) 

5 (20%)
20 (80%)
8 (32%)
3 (12%)
18 (72%)
13 (52%)
7 (28%)
13 (52%)
7 (28%)

Values in the table are expressed as mean ±SD or number and percentage expressing. 
JPSA = juvenile psoriatic arthritis, n = number of subjects, ROM = range of moving, VAS 1 = visual analogue scale 1 (physician global assessment of overall 
disease activity on visual analogue scale), VAS 2 = visual analogue scale 2 (parent or patient global assessment of overall well-being on visual analogue scale), 
CRP = C-reactive protein, ESR = erythrocyte sedimentation rate (Westergren method), CHAQ = Childhood Health Assessment Questionnaire, DIP = distal 
interphalangeal joints, ANA = antinuclear antibodies, HLA = Human Leukocyte Antigen
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joints, number of joints with limited mobility, CRP/ESR, 
VAS) has been observed (p for all the above listed < 0.01) 
in early-onset JPSA subgroup. The interpretation of data 
is shown in Table 4. We also compared the FMD% values 
in the group of patients with JPSA treated with NSAIDs 
with the values in the non-NSAID group of patients with 
JPSA. Even though we observed higher FMD% values in 
the group of patients treated with NSAIDs, statistical-
ly significant differences between the compared groups 
were not confirmed {mean (SD), median, range, NSAID 
group: 5.59% (1.47), 5.55, 2.8–13.2 vs. non-NSAID group: 
5.36% (1.44), 5.3, 0.8–11.1} (p = 0.81). While evaluating the 
conventional CV risk factors we have not observed any sta-
tistically significant differences between the group of pa-
tients with JPSA and the control group of healthy children.

Tab. 2 Evaluated traditional CV risk factors.

Variable Patients
(n = 25)
Mean ± SD

Controls
(n = 25)
Mean ± SD

P value

Blood pressure (percentile) 59.62 ± 
10.43

60.0 ± 10.1 0.78

Body mass index (percen-
tile)

55.25 ± 
7.39

55.33 ± 
6.88

0.93

Total cholesterol (mmol/L) 3.85 ± 0.38 3.82 ± 0.37 0.71
HDL(mmol/L) 1.29 ± 0.27 1.37 ± 0.26 0.23
LDL (mmol/L) 2.15 ± 0.35 2.12 ± 0.31 0.48
Triglycerides (mmol/L) 0.52 ± 1.6 0.48 ± 0.18 0.88
Fasting plasma glucose 
(mmol/L)

4.59 ± 0.58 4.55 ± 0.48 0.80

FMD% values
mean (SD), 
median, 
range

5.49% 
(3.77), 3.55
0.3–13

9.28% 
(1.72), 9.3
6.4–13.1

<0.001

Values in the table are expressed as mean ± SD, CV = cardiovascular, 
HD = high-density lipoprotein, LDL = low-density lipoprotein, FMD% = 
postoclussive flow-mediated vasodilation

Tab. 3 Correlation of FMD% in patients with JPSA with selected 
variables. 

Variable r P value
Age at the time of study −0.247 0.24
JPSA duration −0.755 <0.01
CHAQ disability index (range 0–3) −0.733 <0.01
VAS (range 0–10 cm) −0.715 <0.01
ESR −0.850 <0.001
CRP −0.901 <0.001

JPSA = juvenile psoriatic arthritis, CHAQ = Childhood Health Assessment 
Questionnaire, VAS = visual analogue scale (physician global assessment 
of overall disease activity on visual analogue scale), ESR = erythrocyte 
sedimentation rate (Westergren method), CRP = C-reactive protein

DISCUSSION

The very existence of cutaneous psoriasis, even in the 
absence of joint disease, has been linked to accelerated 
ATS. A 2014 systematic review of 20 studies of endothelial 

Tab. 4 Comparison of patients with early-onset JPSA with those 
with late-onset JPSA.

Variable Early-onset
N = 12

Late-onset
N = 13

P value

JPSA duration, (years), 
mean ± SD

6.5 ± 2.4 4.8 ± 3.0 <0.01

Females, n (%) 9 (75%) 4 (30.8%) <0.01
Age of onset (years), 
mean ± SD

2.3 ± 1.4 10.88 ± 3.4 <0.001

CHAQ disability index 
(0–3), mean ± SD

1.13 ± 0.13 0.63 ± 0.38 <0.01

ESR (mm/hour), mean 
± SD

24.6 ± 8.4 15.8 ± 3.5 <0.01

CRP (mg/L), mean ± SD 15.8 ± 8.3 8.85 ± 7.5 <0.01
No. of swollen joints 3.0 ± 6.16 1.0 ± 3.3 <0.01
No. of painful joints 4.4 ± 10.2 1.4 ± 6.9 <0.01
No. of joints with limited 
ROM

3.3 ± 6.5 0.9 ± 3.2 <0.01

VAS (0 – 10 cm) 3.6 ± 3.2 1.6 ± 3.2 <0.01
HLA DRw8 (%) 7 (58.3%) 1 (7.6%) <0.005
HLA DR 5 (%) 6 (50%) 1 (7,6%) <0.005
HLA B 27 (%)* 0 (0%) 7 (53.8%) <0.001
ANA (%) 8 (66.6%) 5 (38.4%) <0.05
FMD% values 
mean (SD), 
median, 
range 

4.39% 
(2.47),
4.45
0.9–13.2

6.38% 
(1.42),
6.3
3.2–12.1

<0.01

JPSA = juvenile psoriatic arthritis, CHAQ = Childhood Health Assessment 
Questionnaire, ESR = erythrocyte sedimentation rate (Westergren 
method), CRP = C-reactive protein, HLA = Human Leukocyte Antigen, ANA = 
antinuclear antibodies, FMD% = postoclussive flow-mediated vasodilation; 
*Note: Three HLA B 27-positive boys with the onset of the disease between 
year 5 and year 6 of their lives were included in the group

function in psoriasis patients found that FMD% was sig-
nificantly impaired in the majority of studies (26). Some 
data suggest that the likelyhood of endothelial dysfunc-
tion is correlated with disease severity or disease duration 
(26). Interestingly, increased carotid intima-media thick-
ness, a measure of subclinical ATS, has been demonstrat-
ed repeatedly in patients with PS and has been shown to 
correlate with FMD% (26, 27). Taken together, these data 
suggest that patients with psoriasis display impaired en-
dothelial-dependent relaxation and that this may correlate 
with future development of ATS. On the other hand, with 
the concurrent presence of arthritis and psoriasis, the 
CV risk might be even higher. Polachek et al. assessed the 
magnitude of risk of cardiovascular and cerebrovascular 
morbidity in patients with adult form of psoriatic arthri-
tis (PsA) compared with the general population through 
a  systematic review and meta-analysis of observational 
studies. Eleven studies, comprising 32,973 patients with 
PsA, were evaluated. There was a 43% increased risk of 
cardiovascular diseases in patients with PsA compared 
with the general population (pooled odds ratio [OR] 1.43 
[95% confidence interval (95% CI) 1.24–1.66]). The risk of 
incident of cardiovascular events was increased by 55% 
(pooled OR1.22–1.96). Morbidity risks for myocardial in-
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farction, cerebrovascular diseases, and heart failure were 
increased by 68%, 22%, and 31%, respectively (pooled OR 
1.68 [95% CI 1.31–2.15], pooled OR 1.22 [95% CI 1.05–1.41], 
and pooled OR 1.31 [95% CI 1.11–1.55] (3).

Juvenile psoriatic arthritis (JPSA), on the other hand, 
is probably the most discussed and controversial of the 
various forms of childhood arthritides. Part of the de-
bate derives from its characterisation as a single diagnos-
tic category in current classifications, despite numerous 
demonstrations of its heterogeneous nature (28). In JPSA, 
it is necessary to distinguish between at least two differ-
ent clinical phenotypes. Some of the children with JPSA 
can certainly be included in the SEA syndrome (seronega-
tive – enthesitis – arthritis), which we also called juvenile 
spondyloarthropathy in the past, but the second group, 
are ANA positive early-onset children with clinical signs 
characteristic of JIA.

Children with JPSA, however, are exposed to various 
proatherogenic insults, but unlike the adult-forms of PsA, 
prevalence of subclinical atherosclerosis remains poor-
ly defined in these patients. The exact mechanism of the 
predisposition to cardiovascular disease in psoriasis and 
psoriatic arthritides has not been explained satisfactorily. 
It has been suggested that three factors contribute to the 
cardiovascular risk profile. First, systemic and chronic in-
flammation due to the persistent secretion of tumour ne-
crosis factor alpha and other proinflammatory cytokines 
plays a major role in the excessively high cardiovascular 
risk (29, 30). Second, comorbidities, such as smoking, di-
abetes mellitus, hypertension, metabolic syndrome and 
dyslipidaemia (have been exluded in our study). The third 
factor is the atherogenic side effects of systemic therapy. 
Recent results of some meta-analyses that are assessing 
associations between CV events and use of TNF (tumor ne-
crosis factor) inhibitors, methotrexate, NSAIDs and glu-
cocorticosteroids (GCs) in adult patients with RA (rheu-
matoid arthritis) or PS/PsA patients show, that NSAIDs 
treatment increased the risk of all CV events (RR, 1.18; 
95% CI 1.01 to 1.38; p = 0.04) as well as strokes. This effect 
is mostly driven by cyclooxygenase-2 (COX-2) inhibitors 
(RR, 1.36; 95% CI 1.10 to 1.67; p = 0.004) rather than non-se-
lective NSAIDs (RR, 1.08; 95% CI 0.94 to 1.24; p = 0.28). The 
potential negative cardiovascular effects of corticosteroids 
are well known but not strongly evidence-based (31, 32). 
Corticosteroids may modulate the risk of cardiovascular 
disease in rheumatoid patients in two competing ways – 
by increasing the risk due to deleterious effects on lipids, 
glucose tolerance, weight gain and hypertension, but on 
the other hand, potentially decreasing the risk by exerting 
antiinflammatory and antiproliferative effects on vascular 
wall (33). Furthermore, GCs may result in two independ-
ent effects over a time: an immediate effect of current ex-
posure and a long-term cumulative effect of past exposure 
(31, 34). The same authors also quote that, corticosteroids 
are linked to the increased risk of all CV events (RR, 1.47; 
95% CI 1.34 to 1.60; p < 0.001), as well as risk of myocardi-
al infarction, stroke and heart failure in RA patients (31, 
34). On contrary to this, the systemic treatment of patients 
with PS/PsA was associated with a  significant decrease 
in risk of all the CV events (RR, 0.75; 95% CI 0.63 to 0.91;  
p = 0.003). The new biological treatments with a specific 

target, such as suppression of systemic inflammation by 
anti TNF – therapy, tend to be associated with concomi-
tant risk reduction of the CV events in all abovementioned 
diseases. However, there is a need for further research fo-
cused on the role of recent biological treatments effects 
on patients with CV risk profile. Overall, all PsA patients 
have higher prevalence of CV comorbidities, including di-
abetes and hypertension, than the general population (35, 
36). Besides that, women’s prevalence rate for CV risk is 
higher than men’s due to a higher prevalence of metabolic 
syndrome and a high blood pressure. Costa et al. reported 
that HDL-cholesterol was increased and triacylglycerides 
were decreased in PsA patients treated with adalimumab 
(37). According to the same authors, the PsA patients treat-
ed with etanercept had decreased level of triacylglycerides 
(37). However other two studies did not prove a significant 
change (36, 38). There were no significant effects on total 
cholesterol, LDL-cholesterol, atherogenic index, or Apo-
lipoprotein B : Apolipoprotein A-1 ratio (36, 38). Among 
children with JIA, treatment with etanercept significantly 
decreased total cholesterol, LDL-cholesterol, triacylglycer-
ides, and CRP, but not HDL-cholesterol (39). However, this 
overall improvement in lipid profile and inflammation did 
not translate into improvement in atherogenic index.

Our study is the only one addressing ED development 
in Slovak children with juvenile psoriatic arthritides. The 
results are suggesting that ED development could be pres-
ent even during childhood and in the absence of the tradi-
tional cardiovascular risk factors in these groups. Obser-
vation of significant relations between FMD% values and 
non-specific inflammatory markers levels and other var-
iables reflecting the disease activity in our study leads us 
to believe that systemic inflammation can be regarded as 
dominant CV morbidity predictor in these JPSApatients. 
The vascular endothelium is known to be a target of TNF-α 
(tumor necrosis factor-α), which significantly participates 
in pathogenesis of the diseases. Circulating T-lymphocytes 
and monocyte-derived macrophages isolated from PSA pa-
tients produce increased amount of TNF-α in comparison 
with macrophages isolated from healthy patients. Futher-
more, levels of TNF-α in PSA patients are elevated in the 
synovial tissue and skin lessions and correlate with dis-
ease activity (40, 41). On a cellular level, TNF-α induces 
theexpression of genes associated with inflammation, co-
agulation and proliferation. Decreased NO bioavailability 
appears to be a common and critical step linking TNF-α 
to endothelial dysfunction. TNF-α exerts its effects on 
the endothelium through its receptor (TNFR). Binding of 
TNFR by TNF-α leads to diminished eNOS (endothelial ni-
tric oxide synthase) protein expression via suppression of 
promoter activity and destabilization of its mRNA. TNFR 
suppresses eNOS activity by preventing the degradation 
of its endogenous inhibitor ADMA (asymmetric dimethy-
larginine). TNFR signaling also induces the transcription 
factor NF-κB leading to enhanced expression of intercel-
lular adhesion molecules (ICAM-1: intercellular adhesion 
molecule-1; VCAM-1: vascular cell adhesion molecule-1) 
(41, 42). Moreover, the long-lasting chronic inflammation 
may act as a promoter of oxidative processes, insulin re-
sistance, and dyslipidemia that definitely have to be con-
sidered in the ED development (41–47). In this context, the 
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early investigation of ED in active JPSA patients (even in 
the absence of traditional CV risk factors) might prevent 
severe complications during adulthood. 

Physical inactivity, on the other hand, is another mod-
ifiable risk factor for premature atherosclerosis according 
to some authors. A study in adolescents and young adults 
by Edwards et al. (48) showed that higher physical activity 
was an independent positive predictor for lower arterial 
stiffness, measured as peripheral arterial distensibility 
and AIx (augmentation index). In this meaning, the de-
tection of significant correlations between CHAQ disabil-
ity index (functional impairrment) and FMD% values in 
our study suggests, that chronic inflammation, when as-
sociated with higher degree of functional disability, could 
significantly influence the ED development. The amplifi-
cations of above mentioned considerations is assumed in 
relation to the observed significant correlations between 
FMD% and early onset of the disease, since in our study 
the early JPSA onset was associated with higher degree of 
disease activity as well asfunctional impairment. Also, in 
patients with early-onset JPSA, we observed the presence 
of HLA DR5 and HLA DRw8 antigens. In association with 
the possible partial distortion of our results, we have to 
mention, that treatment with DMARDs might be associ-
ated with a significant decrease of inflammation, degree 
of disease disability as well as with reduction in diastolic 
and systolic blood pressure values and lipids profile (49). 
Methotrexate, an inhibitor of folic acid metabolism, can 
directly improve endothelium-dependent vasodilation in 
patients with inflammatory arthritides (although the data 
are limited) (50, 51), as it reduces the systemic inflamma-
tion and improves synovitis in patients with inflammatory 
arthritides. Anti-TNF-α inhibitors, on the other hand, also 
improve endothelium-dependent vasodilation in these pa-
tients (52, 53) and correlates with improvement in disease 
activity and markers of systemic inflammation (16). Last 
but not least, it should be mentioned that due to the low 
prevalence of JPSA in our country, our group of patients 
is relatively small. Therefore, to get more relevant results, 
combining outcomes of several national and international 
centers seems to be more beneficial.

CONCLUSIONS

It can be concluded that endothelial dysfunction is pres-
ent in patients with JPSA even during childhood and in the 
absence of classic CV risk factors – not only in association 
with increased disease activity and disability, but also if 
JPSA is associated with an early onset or in relation to pro-
longed JPSA duration. It appears to be desirable, therefore, 
to evaluate the presence of ED in patients with JPSA. A de-
sired objective of further research is to examine the pos-
sibility of early intervention in those children in order to 
prevent the future ATS development with resulting com-
plications in adulthood.
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