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Abstract
Background: Commonest cause of chronic arthritis
in childhood is Juvenile Idiopathic Arthritis (JIA).
Atherosclerosis is a chronic inflammation of the
arteries. Both conditions are associated with high
inflammatory cytokines. In adults with rheumatoid
arthritis, atherosclerosis is a common cause of long
term morbidity. Such data in children with JIA,
especially from the Indian sub-continent, is lacking.
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Introduction
Worldwide prevalence of Juvenile Idiopathic
Arthritis (JIA) is 0.07 to 4.1/1000 children and the
incidence is 0.008 to 0.226 cases/1000 children1.
However, exact incidence and prevalence of JIA in
India is unknown. Apart from musculoskeletal
debility, recently there has been increasing concern
regarding the long term outcome of JIA, mainly in
the form of cardiovascular disease2.

Objectives: To assess the risk of premature
atherosclerosis in Indian children with JIA and
study associated risk factors.
Method: A cross sectional study was carried out in
the department of paediatric rheumatology of
Vivekananda Institute of Medical Sciences from
2016 to 2019 involving 42 patients and 21 age and
sex matched controls. Premature atherosclerosis
was assessed in both cases and controls by
measuring bilateral carotid intima thickness
(CIMT) using high resolution ultrasonography
(USG). For associated risk factors, serum lipid
profile and homocysteine levels were measured.

In adults with rheumatoid arthritis (RA),
cardiovascular disease is about 60% more than the
general population3. Thus, according to European
League against Rheumatism (EULAR) guidelines4,
all adults with long standing RA should have an
annual cardiovascular risk assessment. Unlike
adults, evidence of long term cardiovascular risk in
children with inflammatory arthritis is lacking and
there are few guidelines regarding assessment as
well as management. Though the risk of premature
atherosclerosis in children is already known, in the
Indian subcontinent, such data are scarce.

Results: JIA patients had higher CIMT compared
to controls (0.5121mm vs 0.429mm, p<0.001).
Among the subtypes, enthesitis related arthritis
showed maximum increase in CIMT (0.5443mm).
Considering risk factors, high density lipoprotein
(HDL) was lower in cases compared to controls
(47.17mg/dl vs 52.20mg/dl, p<0.02); homocysteine
was more in cases compared to controls
(20.76micromol/L vs 13.51micromol/L, p<0.01)

About 40-78% of children with JIA have a chronic
course requiring long-term therapy5. In fact, more
than one third of JIA patients have disease which
persists into adulthood6 and these are the children
who are prone to develop atherosclerotic changes.
It is very likely that the effects of atherosclerosis in
the form of ischaemic heart disease or
cerebrovascular events which we see in adults may
actually have had its origin in childhood.

Conclusions: Our cohort of Indian children with
JIA had a higher CIMT and higher associated risk
factors compared to normal healthy children
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Method
The study was carried out at the Paediatric
Rheumatology Department from February 2016 to
June 2019. Of all the 100 JIA children attending the
Paediatric Rheumatology Out-Patient Department
(OPD) during the study period, 42 cases who
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agreed to participate in the study and had a disease
duration of more than one year were selected.
Twenty one age and sex matched controls were
selected from the general paediatric OPD. These
were healthy children without any organic
complaints who had come for routine check-up.
Those with pre-existing cardiovascular risks like
obesity, hypertension, diabetes, history of smoking,
or a family history of premature stroke or any form
of cardiovascular disease or family history of
hypertension or diabetes were excluded from the
study. All participants had a thorough clinical
examination which included measuring body
weight, height and blood pressure. Body mass
index (BMI) was calculated according to the
formula weight in kg/height in m2.

Kolkata, India (No: ECR/62/Inst/WB/2013).
Written informed consent of the patients and their
caregivers was taken.
Statistical analysis: Continuous data are presented
as mean ± SD. Continuous variables were checked
for normality assumption using KolmogrovSmirnov Z test. Coronary intima media thickness
(CIMT), homocysteine (HCYS), BMI and
cholesterol (CHOL) were not normally distributed.
Independent samples t-test was used to compare the
normal continuous variables between patients with
JIA and healthy controls, while Mann Whitney U
test was carried out for comparing non normal
continuous variables. Chi-square test was used to
compare categorical variables. Kruskal Wallis test
was conducted for comparison of factors among
different JIA types for non-normal data and post
hoc analysis was done using Dunn Kruskal Wallis
Multiple Comparison. One way ANOVA was
carried out in case the data could be assumed to be
from the normal population. P-value (one tailed and
two tailed) less than 0.05 was considered to be
significant. The analysis was done using R
programming language.

Laboratory
measurements:
Fasting
(the
participants were requested to complete dinner by
8pm, and blood was collected the next morning at
8am) blood was collected by venepuncture for lipid
profile, homocysteine (HCYS), serum folate, and
vitamin B12 levels. Lipid profile was measured by
spectrophotometry and HCYS, folate and B12
assay was done by chemiluminescence immune
assay (CLIA). These tests were carried out in the
biochemistry department.

Results
The 42 JIA patients were categorised in accordance
with ILAR criteria. Of them, 15 were systemic
onset (SOJIA), 14 were enthesitis related (ERA), 9
were polyarticular onset (POLYJIA), one each
were psoriatic and undifferentiated and 2 were
oligo articular (OJIA). All patients with ERA had
HLA-B27 done.

Vascular study: Common carotid artery (CCA)
intima media thickness (IMT) measurement was
done in all participants using B mode
ultrasonography (USG; machine specifications
being GE Volution S8) with high resolution linear
probe (12HZ). Three consecutive longitudinal
images of each CCA, 1-2cm proximal to the
bifurcation was acquired. The mean value of IMT
for right and left CCA was obtained by averaging
the 3 measurements of each artery. Finally, the
mean carotid IMT of the CCAs was determined and
expressed in mm. This was conducted at the
radiology department.

From Table 1, it can be seen that the maximum
number of cases were in the adolescent age group
of 12-16 years. Among the 42 cases, 19 were
female and 23 were male. The control group had 10
females and 11 males. All our subjects had a
disease duration of more than 1 year when we first
encountered them in our OPD.

Ethical issues: Ethical clearance was obtained
from the Ethical Review Committee of
Vivekananda Institute of Medical Sciences,
Table 1: Distribution of Juvenile idiopathic arthritis (JIA) according to age
Age group (years)
ERA
POLYJIA
SOJIA
2-6
06
7-11
03
03
03
12-16
11
06
06
Total
14
09
15
ERA: enthesitis related arthritis, POLYJIA: polyarticular onset JIA, SOJIA: systemic onset JIA
Disease activity was evaluated by active tender
swollen joint count, presence of systemic features,
ESR and general health. Of these 42 patients, 22
had active disease at the time of recruitment. All
these cases were receiving treatment at the time of
recruitment; 12 cases were on methotrexate, 5 were

Total
06
09
23
38

on leflunamide, 7 were on steroids and 3 were on
biologic agents.
Comparison of cases and controls
The average age of JIA patients was 11.14±3.66
years and the average age for the control group was
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11.65±3.01 years. The mean CIMT of JIA subjects
was 0.512±0.08mm while that of controls was
0.4295±0.05mm. This was statistically significant
(p<0.001).

Regarding vitamin B12 and folic acid both groups
had comparable levels.
In lipid profile, fasting total cholesterol and HDL
levels were performed. Regarding total cholesterol,
the p-value was 0.2084 and did not show any
statistical significance. Mean HDL levels in JIA
patients was 47.17±7.87 mg/dl while controls
showed a mean value of 52.20±5.98 mg/dl which
was statistically significant (p<0.01)

The mean HCYS in JIA subjects was 20.76±10.66
micromol/L while that of controls was 13.51±2.18
micromol/L. The Wilcoxon rank sum test gave a pvalue of <0.01 which is statistically significant.

Table 2: Comparison of Juvenile idiopathic arthritis (JIA) cases and controls
Parameters
JIA (n=42)
Control (n=21)
(Mean ± SD)
(Mean ± SD)
Age (years)
11.14 ± 3.36
11.65 ± 3.01
Female
19 ± 45.24
10 ± 47.62
Body mass index (kg/m2)
17.93 ± 4.67
17.15±3.89
0.5121 ± 0.08
0.4295 ± 0.05
Coronary intima media thickness (mm)
20.76 ± 10.66
13.51 ± 2.18
Homocysteine (micromol/L)
Cholesterol (mg/dl)
147.33 ± 24.81
139.65 ± 19.83
High density lipoproteins (mg/dl)
47.17 ± 7.87
52.20 ± 5.08

p-value
0.947
0.8581
0.6992
<0.001
<0.01
0.2084
<0.02

increased in ERA. The post hoc testing using Dunn
Kruskal Wallis multiple comparison showed that
among the chosen variables, CIMT differs
significantly among the various subtypes of JIA.
For all other factors there were no significant
differences among the various subtypes.

Comparison of the JIA sub types
For analysis among different subtypes of JIA, only
3 groups, SOJIA, ERA and PJIA types were chosen
as other types had very small numbers (1 each of
psoriatic and undifferentiated and 2 OJIA). Among
the various JIA subtypes, CIMT was mostly

Table 3: Comparison of various Juvenile idiopathic arthritis (JIA) subtypes
Parameter
ERA
POLYJIA
SOJIA
(Mean ± SD)
(Mean ± SD)
(Mean ± SD)
Body mass index (kg/m2)
18.99 ± 5.85
17.53 ± 2.90
16.58 ± 3.89
Coronary intima media thickness (mm)
0.5443 ± 0.07
0.5233 ± 0.09
0.4640 ± 0.08
Homocysteine (micromol/L)
22.95 ± 13.98
21.17 ± 6.19
20.59 ± 9.50
Total cholesterol (mg/dl)
145.64 ± 14.49
137.67 ± 27.46
160.00 ± 28.06
High density lipoproteins (mg/dl)
45.48 ± 7.86
45.78 ± 5.54
49.47 ± 9.67
ERA: enthesitis related arthritis, POLYJIA: polyarticular onset JIA, SOJIA: systemic onset JIA
Table 4: Comparison of the present study with other studies
Parameter
Urban et al
Vlahos et al
(Mean ± SD)
Total cholesterol (mg/dl)
164 ± 29
High density lipoproteins (mg/dl)
51 ± 12
Homocysteine (micromol/L)
8.2
Coronary intima media thickness (mm)
0.43
0.46 ± 0.03

p-value
0.509
0.027
0.9144
0.07
0.382

Present study
(Mean ± SD)
147.33 ± 24.81
47.17 ±7.87
20.76 ±10.66
0.5121 ± 0.08

(TNF). The pathology is somewhat similar to that
seen in other chronic inflammatory diseases like
connective tissue disorders, RA and JIA where an
interplay of pro-inflammatory cytokines and
inflammatory cells result in expression of various
clinical features. Cardiovascular disease is one of
the main causes of deaths in adults with RA8,9. In
adults, CIMT in patients with RA is significantly
increased in comparison to healthy controls13.

Discussion
The traditional risk factors for atherosclerosis
include
diabetes,
dyslipidaemia,
obesity,
hypertension and tobacco smoking. It was in 1999
that Russel Ross first pointed out his theory of
atherosclerosis being an inflammatory process7.
The earliest changes in atherosclerosis is a
functional and structural abnormality of the
endothelial vessel wall12. This process is initiated
by
an
inflammatory
reaction
involving
lymphocytes, macrophages and a host of cytokines
like IL-6, IL-16, IL-8 and tumour necrosis factor

In children with JIA, though there are reports of
cardiovascular involvement in the form of
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premature atherosclerosis14,15,16, studies from the
India are lacking. Early atherosclerotic changes in
JIA subjects were demonstrated in a Polish study
by Pietrewicz et al14 and in a Greek study by
Vlahos et al15. While in the Polish study the authors
observed that CIMT was significantly increased in
the PJIA group (p=0.003), the Greek study
demonstrated that the SOJIA patients had a
significant increase in the CIMT (p<0.001)
compared to the other groups. The findings in the
above studies are in contrast to our observation of a
significant increase of CIMT in the ERA group.
This relatively greater increase in CIMT in our
ERA cohort can perhaps be attributed to the higher
age group of this cohort, the greater disease
duration and the longer period of active disease
.
Apart from the CIMT, which is a non-invasive
surrogate marker of premature atherosclerosis, this
study also included assessment of some risk
factors. Among the newer risk factors for
atherosclerosis, homocysteine (HCYS) is an
emerging offender. It is a sulphur containing amino
acid, increased concentration of which causes
increased oxidation of LDL side chains which leads
to increased free radical formation and causing
endothelial damage subsequently increasing the
risk of atherosclerosis10,11,17. The risk of
homocysteine and vascular disease has been well
cited18-21. Vitamin B12 and folic acid are essential
for the metabolism of HCYS and a deficiency of
these 2 elements may also cause a rise in HCYS
levels. In our current study, HCYS levels were
significantly increased (p<0.01) in JIA patients in
spite of normal B12 and folate levels. From this
study it can be seen that Indian JIA children have
increased HCYS levels which may be a potential
risk factor for premature atherosclerosis.

cardiovascular monitoring and CIMT measurement
may help to predict premature atherosclerosis in
such patients.
Conclusions
Our cohort of Indian children with JIA had a higher
CIMT and higher associated risk factors compared
to normal healthy children making them more
prone to premature atherosclerosis.
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