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Abstract
Objective
To examine bone mineral density (BMD) in the spines of patients with juvenile idiopathic arthritis (JIA), and to identify
the main predictors of spine BMD.

Methods
160 patients with JIA (82 female, 78 male; median age, 8.7+3.9 years (range, 2.2-18.2 years)) who fulfilled the
International League of Associations for Rheumatology (ILAR) criteria were enrolled. All subjects underwent an initial
dual energy x-ray absorptiometry (DXA) scan of the lumbar spine, while 114 and 87 patients underwent a second and third
scan, respectively. The data were compared with those obtained for 114 sex- and age-matched healthy controls.

Results
The DXA scans revealed that the JIA patients had a significant spine BMD deficit compared with control subjects
(p<0.001). Longitudinal comparison of patients revealed no significant short-term improvement in the spine BMD. Spine
BMD correlated with the age (p<0.05), subtype (p<0.05), and disease activity (p<0.01), BMI (p=0.001), glucocorticoid
(GC) exposure (p< 0.05), methotrexate (MTX) therapy (p<0.05), and non-steroidal anti-inflammatory agents (NSAIDs)
(p<0.05), erythrocyte sedimentation rate (ESR) (p<0.01), and C-reactive protein (CRP) levels (p<0.01).

Conclusion
Patients with JIA have low bone mass, especially those in the polyarticular group >7 years old with higher disease activity.
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Introduction

Juvenile idiopathic arthritis (JIA) is the
most common systemic rheumatic dis-
ease in children. Reduced bone mass
and an increased risk of osteoporosis
and fracture, both major health problems
worldwide, are well-documented in JIA
patients (1). Reduced bone mass in JIA
patients is related to high disease activ-
ity, the number of affected joints, early
disease onset, long duration of active
disease, and reduced bone formation (1-
5). In addition, reduced physical activity,
an unbalanced diet, and reduced muscle
strength determine the overall risk for
osteoporosis (4, 6-8). Although several
studies have examined bone mineral
density (BMD) in JIA patients, the re-
sults are contrasting and contradictory (5,
9-15), and few prospective studies exam-
ined bone mass in a large cohort of JIA
patients (16-18). Also, few studies have
examined bone mass in patients with
enthesitis-related arthritis (ERA) (9, 16).
Furthermore, the uses of drugs, particu-
larly glucocorticoids (GC), are contro-
versial. GC can prevent young patients
from achieving optimal peak bone mass
(19). A lower peak bone mass increases
the risk of osteoporosis and subsequent
fracture during adulthood (4, 19-21);
however, a longitudinal study suggests
that the risk of osteoporosis does not in-
crease significantly in RA patients treat-
ed with low dose GC (22). Moreover,
methotrexate (MTX), tumour necrosis
factor-alpha (TNF-o) inhibitors, and
tocilizumab (an anti-IL-6 receptor anti-
body) not only control inflammation but
also increase bone mass in JIA patients
(23-27). A long-term outcome study (1)
suggests that young adults with a history
of early-onset JIA are more likely to be
osteopenic.

Therefore, the aims of the present cross-
sectional short-term follow-up study
were to evaluate spinal BMD in JIA
patients and to use dual energy x-ray
absorptiometry (DXA) to identify the
main predictors associated with spine
BMD, especially several factors are di-
vided into subgroups when analysed.

Materials and methods

Study participants and design

Patients were recruited from the Neph-
rology and Immunology Department of
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the Children’s Hospital of Chongqing
Medical University between August
2013 and April 2015. The study was
approved by the hospital ethics commit-
tees, and informed consent was obtained
from all participants and/or parents.
One hundred and sixty consecutive JIA
patients (82 female, 78 male; median
age, 8.7£3.9 years (range, 2.2-18.2
years)) who fulfilled the International
League of Associations for Rheumatol-
ogy (ILAR) criteria (28) were evalu-
ated, including 66 systemic JIA, 45
polyarticular JIA (comprising 9 rheu-
matoid factor-positive JIA), 38 oligoar-
ticular JIA, and 11 enthesitis-related
arthritis (ERA). All patients underwent
a DXA scan. Of these, 6 and 12 months
after the first scan, 114 patients (60 fe-
male, 54 male; median age, 10.1+£3.8
years (range: 2.9—-17.9 years): 52 sys-
temic, 30 polyarticular (comprising 6
rheumatoid factor-positive), 24 oligoar-
ticular, and 8 ERA) and 87 (48 female,
39 male; median age, 11.6+4.0 years
(range: 3.2—-18.1 years): 37 systemic, 23
polyarticular (comprising 6 rheumatoid
factor-positive), 19 oligoarticular, and
7 ERA) underwent a second and third
DXA scan respectively. The data were
compared with those from 114 sex- and
age-matched healthy controls.

The time of disease onset was defined
according to the date on which a pae-
diatric rheumatologist first documented
arthritis and/or systemic features. The
disease subtype was defined according
to reported definitions (28).

The following clinical and demograph-
ic data were obtained from medical
records: age, sex, height, weight, body
mass index (BMI), JIA subtype, time
of disease onset, disease course, treat-
ment, physical activity, past fracture
(yes/no), and any family history of
osteoporosis. Exposure to GC (dura-
tion, cumulative dose (0-100 mg/kg,
low cumulative dose; 100-200 mg/kg,
median cumulative dose; >200 mg/kg,
high cumulative dose)) was assessed.
Baseline clinical assessment of JIA,
mainly focusing on disease activity and
laboratory data, was performed longi-
tudinally.

The exclusion criteria for the present
study (which applied to both patients
and controls) were as follows: meta-
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bolic bone diseases, hyper-/hypopar-
athyroidism, cancer, a history of drug
addiction, and osteoporosis risk factors
(e.g. family history of osteoporosis).
Any patient/control with an established
diagnosis of osteoporosis and/or previ-
ous or present bisphosphonate therapy
was excluded.

Healthy control subjects

The control group included 114 healthy
sex- and age-matched subjects (63 fe-
male, 51 male; median age, 10.3+£3.6
years (range: 3.1-17.8 years)) with non-
inflammatory musculoskeletal com-
plaints. Exclusion criteria (in addition to
those listed above) included any chronic
disease or medication known to affect
bone mass (e.g. renal or hepatic disease,
endocrine disorders, or a history of GC
or anticonvulsant therapy). All subjects/
parents provided informed consent.

Study methods and laboratory tests
Height was measured to the nearest 0.1
cm. Body weight was measured to the
nearest 0.1 kg. BMI was calculated as
weight divided by height (in meters)
squared (kg/m?). Age-related reference
values for height and BMI were ob-
tained from the child growth standards
published by the World Health Organi-
zation (WHO) (29). Height and BMI
were normalised according to chrono-
logical age by converting values to a
standard deviation score (SDS). The
SDS was calculated as follows: patient
value — mean of age-related reference-
value/standard deviation (SD) of the
age-related reference value.

DXA was used to examine BMD in the
lumbar spine (L1-L4). A strict proto-
col and the same equipment (Delphi-A
System, Hologic Inc, Waltham, MA,
USA) were used for each subject. BMD
(g/cm?) was calculated by the software
supplied with the DXA instrument.
Average BMD values for L1-L4 were
used for all calculations, and data were
expressed as Z scores (the patient’s val-
ue-the normal value (according to age)/
the SD of the normal population).The
intraobserver coefficient of variation
was 1.0%.

To facilitate comparisons between JIA
patients and healthy subjects, a Z score
<-1 was defined as low bone mass. A
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phantom was used at regular intervals
to check the reliability of the densitom-
eter. All BMD measurements were per-
formed by the same operator.

Clinical assessment of disease activity
Disease activity was assessed using the
JIA Disease Activity Score 28 (DAS
28) (30-31). The DAS 28 is calculated
according to the number of tender joints
and swollen joints, the patient’s global
assessment of disease activity on a
visual analogue scale (VAS) (as a part
of the Childhood Health Assessment
Questionnaire (CHAQ)(32)), and the
ESR. A high DAS 28 score indicates
high disease activity. Disease activity
is scored as follows: <2.6, remission;
>2.6 but <3.6, low activity; =3.6 but
<5.5, moderate activity; and >5.5, high
activity.

Serum markers of inflammation includ-
ed the white blood cell count (cells/L),
the absolute neutrophil count (cells/L),
the platelet count (cells/L), the red
blood cell count (cells/L), the erythro-
cyte sedimentation rate (ESR)(mm/h),
and C-reactive protein (CRP) levels
(mg/L).

Treatments

The cross-sectional short-term follow-
up evaluations included a therapy as-
sessment to ascertain whether certain
treatments affected BMD; such treat-
ments included non-steroidal anti-
inflammatory drugs (NSAIDs), GC,
MTX, TNF-a and/or IL-6 inhibitors,
and calcium supplementation, vitamin
D supplementation. The period of ex-
posure to any drug was also recorded.
Moreover, information about the type,
dose, and duration of GC therapy was
obtained from clinic, hospital, or emer-
gency department records. Data were
summed to identify the cumulative dose
from the time of onset to the time of the
first, second, and third DXA scans. The
doses of all systemic GC were convert-
ed to an equivalent dose.

Laboratory and functional tests
Haemoglobin levels and red blood cell,
white blood cell, and platelet counts,
and the ESR and CRP levels, were
measured using standard laboratory
tests.
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Statistical analysis

Statistical analyses were performed
using SPSS19 (SPSS19 Inc, Chicago,
IL, USA). Continuous variables were
expressed as the mean + SD or as the
median and range depending on wheth-
er data were normally distributed. Dif-
ferences between patients and controls
were analysed using the Student’s #-test
and the Mann-Whitney U-test, depend-
ing on the distribution of the analysed
variable. The chi-square test and Fish-
er’s exact test were used as appropri-
ate to examine associations between
dichotomous variables. Inter-group
comparisons were performed using
analysis of variance (ANOVA) or re-
peated-measures analysis of covariance
(ANCOVA), as appropriate. Spear-
man’s (rank) correlation tests were used
to determine correlation coefficients.
Multiple stepwise regression was used
to identify independent variables that
correlate with lumbar spine BMD SDS
values. p-values <0.05 were considered
statistically significant.

Results

The first DXA scan

The baseline characteristics of the pa-
tients and controls are listed in Tables
I and II.

At the first evaluation, all JIA patients
showed lower spine BMD SDS val-
ues than the controls (-1.24+1.08 vs.
-0.35+£1.05, respectively; p<0.001).
This trend remained true after JIA was
subcategorised as systemic (-0.99+0.89,
p<0.001), polyarticular (-1.52+1.21,
p<0.001), oligoarticular (-1.36+1.33,
p<0.001),0r ERA(-1.46+0.82,p=0.001)
(Fig. 1).

At the time of the first DXA scan, dis-
ease duration was not significantly dif-
ferent among the JIA subgroups (Table
I). JIA patients with disease duration
>2 years had a significantly lower spine
BMD SDS than those with disease for
<1 year (-1.50+1.21 vs. -1.05+£0.93, re-
spectively; p=0.03).

Apart from the polyarticular and sys-
temic onset groups (-1.52+1.21 wvs.
-0.99+0.89, respectively; p=0.014),
there were no significant differences in
the spine BMD SDS between JIA sub-
groups (Fig. 1).

The spine BMD SDS for JIA was sig-
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Table 1. Baseline characteristics of the JIA patients and controls at the first DXA evaluation.

Characteristic JIA Controls (n) p-value
No. of patients undergoing the first DXA (F:M) 82:78 63:51 NS
Age at the time of the first DXA scan 98+39;9.8 10.3+3.6; 100 NS
(years + SD; median)

Height SDS -09+22 -03+13 <0.001
BMI SDS -02+13 -03+12 <0.001
Past fracture (Y/N) NS
Physical activity (H/weeks) 28+0.7 3.1+09 NS
Type of JIA (%)

Systemic 66 (41)

Polyarticular 45 (28) - -

Oligoarticular 38 (24)

ERA 11(7)

Age at onset (years = SD) 75+39

Systemic 75+39

Polyarticular 71+4.1 - -

Oligoarticular 69+39

ERA 9.7+30

Disease duration (years = SD) 23+25

Systemic 21+23

Polyarticular 2427 - -

Oligoarticular 28+22

ERA 26+30
BMD SDS (L1-L4)
Systemic -0.99 +0.89 -0.35 + 1.05 <0.001
Polyarticular -1.52+1.21 -0.35 +1.05 <0.001
Oligoarticular -1.36+1.33 -0.35+1.05 <0.001
ERA -146 +0.82 -0.35 +1.05 =0.001
Total -1.24 £1.08 -0.35+£1.05 <0.001

JIA: juvenile idiopathic arthritis; DXA: dual energy x-ray absorptiometry; SDS: standard deviation score;
BMD: bone mineral density; BMI: body mass index; ERA: enthesitis-related arthritis; NS: not significant.

nificantly correlated with disease ac-
tivity (r= -0.288, p=0.001). Those
with moderate and high disease ac-
tivity had a significantly lower spine
BMD SDS than the those in remission
(-2.16+1.26 vs. -1.07£1.01, respective-
ly; p<0.001) or those with low disease
activity (-2.16x1.26 vs. -1.24+1.00, re-
spectively; p=0.003). In addition, the
spine BMD SDS showed a significant
negative correlation with age (r=-0.257,
p=0.002). Patients <7 years old showed
a higher spine BMD SDS than those
between 7 and 11 years old (-0.86+1.02
vs. -1.17+1.08, respectively; p=0.017)
and >11 years old (-0.86+1.02 wvs.
-1.54+1.05, respectively; p=0.013).
Moreover, the spine BMD SDS for JIA
patients was significantly correlated
with height SDS (r=0.498, p<0.001),
BMI SDS (r=0.29, p=0.001).

There was a significant correlation be-
tween spine BMD values and exposure
to NSAIDs, GC, and/or MTX. At the
time of the first DXA, non-NSAIDs us-
ers had a significantly lower spine BMD

SDS than those treated with drugs for
between 1 and 2 years (-1.70+0.79 vs.
-0.91+0.85, respectively; p=0.025). In
general, high cumulative doses of GC
resulted in a lower spine BMD SDS
than low cumulative doses (-1.51+0.95
vs. -1.29+1.04, respectively; p=0.049).
However, high cumulative doses of GC
in those with systemic onset JIA result-
ed in a spine BMD SDS lower than that
for those receiving a median cumula-
tive dose (-1.39+0.86 vs. -0.69 + 0.86,
respectively; p=0.035) or a low dose
(-1.39+0.86 vs. -0.74+0.78, respective-
ly; p=0.036). Those taking MTX for >2
years showed significantly lower spine
BMD SDS than those taking the drug
for between 1 and 2 years (-1.74+1.24
vs. -1.00£1.23, respectively; p=0.026).
The spine BMD SDS correlated with
ESR levels (r= -0.217, p=0.01). JIA
patients with an abnormal ESR (>20
mm/h) had a significantly lower spine
BMD SDS than those with a normal
ESR (-1.43£1.06 vs. -1.03x£1.07, re-
spectively; p=0.026).
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The second DXA scan

At the time of the second and third
DXA scans, patients with JIA had a
lower spine BMD SDS than the respec-
tive controls (second DXA: -1.31+1.13
vs. -0.35+£1.05, p<0.001; third DXA:
-1.52+1.19 vs. -0.35+£1.05, p<0.001);
thus spine BMD SDS did not improve
significantly over time (Table II and
Fig. 2-3). Among all JIA subgroups,
spine BMD SDS did not correlate sig-
nificantly with the type of onset, and
comparisons among subgroups were
non-significant.

At the time of the second DXA evalua-
tion, we found these factors correlation
with spine BMD SDS, which agree with
the data from the first scan, as follows:
disease duration (r = -0.253, p=0.034;
-1.58+1.16 vs. -0.73£0.96 for the >2
years vs. the between 1 and 2 years
groups, respectively; p=0.012), disease
activity (moderate and high activity
groups vs. remission group: -3.00+0.62
vs. -1.07x1.01, p<0.001; moderate
and high activity groups vs. low activ-
ity group: -3.00+£0.62 vs. -1.57+1.15,
p=0.009), age (r=-0.388, p=0.001;
age <7 years vs. age between 7 and
11 years: -0.68+1.04 vs. -1.19+1.09,
p=0.01; age <7 years vs. age >11 years:
-0.68+1.04 vs. -1.59+1.07; p=0.012),
and ESR (abnormal group vs. normal
group: -1.75x1.19 wvs. -0.80+0.82;
p<0.001).

In addition, the spine BMD SDS cor-
related with exposure to GC and
MTX. JIA patients exposed to a high
cumulative dose of GC had a signifi-
cantly lower spine BMD SDS than
those with no exposure (-1.81+£0.98 vs.
-1.16x1.26, respectively; p=0.041) or
a median cumulative dose (-1.81+0.98
vs. -0.90+1.04, respectively; p=0.001).
Patients with a course of MTX last-
ing >2 years resulted in a significantly
lower spine BMD SDS than those with
a course lasting <1 year (-1.86+1.28
vs. -1.19+0.96, respectively; p=0.041),
a course lasting between 1 and 2 years
(-1.86x1.28 vs. -0.9+1.15, respectively;
p=0.02), or no MTX at all (-1.86+1.28
vs. -0.98+0.89, respectively; p=0.023).
These results remained consistent when
we compared the spine BMD SDS of
JIA patients with abnormal CRP levels
with that of patients with normal levels
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(-2.04+1.14 vs. -1.03+£1.00, respective- ~ Table II. Evaluation of JIA patients and controls at the second and third DXA evaluations.

ly; p=0.001).

. h isti 1A 1 -val
Moreover, the spine BMD SDS for JTA Characteristic ! Controls (n) pvalue
patients was significantly correlated  No. of patients undergoing a second DXA 60:54 63:51 NS
with height SDS (r=0.651, p<0.001), scan (F:M)
sex (if female = 1, male = 2; r = -0.255,  Age at the time of the second DXA scan 10.1+£3.8;100  103+3.6;10.0 NS
_ o i ’ ’ (years + SD; median)
p=0.036), and duration of NSAID treat-  py,iqical activity (H/weeks) 29+08 31209 NS
ment (r = -0.247, p=0.039).
Type of JIA at the second DXA scan (%)
. Systemic 52 (46)
The third DXA scan Polyarticular 30 (26) - -
At the time of the third DXA scan, the Oligoarticular 24 (21
spine BMD SDS correlated with dis- ERA 8(7)
ease activity (r =-049 p <0.001: mod- Disease duration at time of the second DXA 28+20
; L ’ . scan (years + SD)
e.rate and high activity group vs. remis- Systemic 27420
sion group: -2.92+0.64 vs. -1.08+0.84; Polyarticular 28+25 - -
p<0.001; low activity group vs. remis- Oligoarticular 30+13
sion group: -1.85+1.28 vs. -1.08+0.84; ERA 31+34
p=0.021), age (r = -0.353, p=0.007;  BMD SDS (L1-L4) measured at the second DXA scan
age <7 years vs. age between 7 and Systemic -1.20 +0.89 -0.35 £ 1.05 <0.001
11 rs: -0.6140.95 123+1.08 Polyarticular -1.31+£1.42 -0.35+1.05 =0.001
years: -U.01x0.55 vs. -1.25x1.Us, Oligoarticular 149 £127 035+105 <0.001
p=0.008; age <7 years vs.age>11 years: ERA 21.65+0.73 2035+ 1.05 =0.001
-0.61+£0.95 vs. -1.59+1.04, p<0.001), Total -1.31+1.13 -0.35+1.05 <0.001
CRP level (r = -0.362, p=0.006; ab-  No.of patients undergoing a third DXA scan (F:-M)  48:39 63:51 NS
normal group vs. normal group:  Age atthe time of the third DXA scan 11.6+40;11.5 10.3+3.6; 10.0 NS
-1.19+£1.03 vs. -2.06x1.00; p=0.006), (years  SD; median)
ESR (r= -0.636, p=0.006; abnormal Physical activity (H/weeks) 30£0.8 31+09 NS
group vs. normal group: -2.31£1.31  Type of JIA at the third DXA scan (%)
vs. -0.97+0.72; p=0.016), height SDS Systemic 37 (43)
(r=0.636, p<0.001), and BMI SDS Folyarticular 2327 - -
Oligoarticular 19 (22)
(r=0453,p=0001) . ERA 7(8)
There was a correlation between BMD  pjgeqse quration at the time of the third DXA 3119
and exposure to GC at the time of the scan (years = SD)
third DXA scan. JIA patients exposed Systemic 28x16
to a high cumulative dose of GC had Polyarticular 30+17 - -
o K Oligoarticular 31x15
a significantly lower spine BMD SDS ERA 30437
than those with a low cumulative dose .
BMD SDS (L1-L4) measured at the third DXA scan
(-1.92+£0.89 vs. -1.03+0.92, respec- gygiemic 1112086 035£105 =000
tively; p=0.031) or a median cumula- Polyarticular -1.67£1.19 -0.35+1.05 <0.001
tive dose (-1.92+0.89 vs. -1.19+0.98, Oligoarticular 150 + 1.48 035105 =0.030
. .o ERA -1.79 £0.67 -0.35+1.05 =0.001
respectively; p=0.017). Total -1.52+1.19 0.35+1.05 <0.001

Discussion
Although some studies have examined

JIA: juvenile idiopathic arthritis; DXA: dual energy x-ray absorptiometry; SDS: standard deviation score;
BMD: bone mineral density; BMI: body mass index; ERA: enthesitis-related arthritis; NS: not significant.

BMD in JIA (5, 9-15), prospective data
in adolescents and young adults are
scarce (16-18), and study on the BMD
comparison between JIA subtype or
multivariate subgroups is rare.

Our study shows that children and
young adults with JIA had significantly
less bone mass than healthy subjects
at baseline. Longitudinal follow-up
showed that this trend continued for
up to 6 months. Furthermore, we found
that age, sex, disease duration, type of
onset, age at onset, disease activity,
chronic inflammation, and drug treat-

ments may play crucial roles in the
bone mass deficit in JIA patients. We
found that >7 years old JIA patients
have significantly lower bone mass than
<7 years old patients, which may due to
>7 years group had longer disease dura-
tions.

Bone mass is relative to body size
(1). We found that JIA patients were
shorter and had a lower BMI than con-
trol subjects, and that bone mass was
positively correlated with both height
and BMI. Indeed, studies show that
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growth retardation contributes to os-
teopenia (1). We also found a negative
correlation between disease duration
and BMD in JIA patients. These results
can be explained by continuing altera-
tions in the physiological interaction
between muscle and bone after disease
remission (2).

We also found greater bone loss in
those with polyarticular JIA than in
those with systemic onset JIA. Accord-
ing to several authors, reduced muscle
mass could explain 75% of the varia-
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BMD SDS
(L]

Fig. 1. The spine BMD SDS
inpatients with systemic JIA,
- polyarticular JIA, oligoar-
ticular JIA, and ERA vs. con-
trols, and between JIA sub-
groups, at the first DXA scan.
Bars represent mean and 95%
CI. *p<0.001 and **p=0.001
compared  with  controls.
Ap<0.05, pairwise contrast
between JIA subgroups.

95% CI

JIA systlemic pt')Iy ollig

ERA cor:trols

24

BMD SDS

Fig. 2. The spine BMD SDS
in patients with systemic JIA,
T polyarticular JIA, oligoarticu-
lar JIA, and ERA vs. controls,
and between JIA subgroups,
at the time of the second
DXA scan. Bars represent the
kil H mean and 95% CI. *p<0.001
and **p=0.001 compared
with controls. Pairwise con-
trast between JIA subgroups
was non-significant.

95%ClI

JIA syst'emic pc;ly ollig

EI'QA con'trols

»

*k

BMD SDS

Fig. 3. The spine BMD SDS
in patients with systemic
- JIA, polyarticular JIA, oli-
goarticular JIA, and ERA vs.
that in controls, and between
JIA subgroups, at the time
of the third DXA scan. Bars
represent mean and 95% CI.
*p<0.001 and **p<0.05 com-
pared with controls. Pairwise
contrast between JIA sub-
groups was non-significant.

95% CI

JIIA syst'emic pély oI'ig

T
controls

tion in bone mass (10, 33). The fact that
33% of patients have no active inflam-
mation at the time of DXA supports
this hypothesis (10, 33). Thus, limited
physical activity and/or reduced mus-
cle mass may be crucial determinants
of bone mass (9).

BMD data with ERA patients are very
rare. The results of the present study
agree with those of others (2, 3, 9)
showing that children and adolescents
with ERA have significantly less bone
mass than control subjects. These pa-
tients may show reduced physical ac-
tivity, poorer physical health, and ex-

perience more pain than controls (34).
Reductions in BMD may also be the
result of inflammation (23-24).

Here, we showed that disease activity
and ESR, both markers of inflamma-
tion, play critical negative roles in de-
termining bone mass in JIA patients.
GC play very important roles in the
therapeutic regime for JIA. Previous
cross-sectional studies show that GC
treatment results in reduced bone mass
in the spine (19, 35). GC can cause
growth retardation (35). The data pre-
sented here in reveale correlation be-
tween total GC dose and BMD values.
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GC deplete the osteoblastic cell popula-
tion and inhibit the function of mature
cells (19) and are, therefore, associated
with the development of osteoporosis
and bone fractures. Our data confirm
that, notwithstanding the development
of new therapeutic approaches, GC re-
main an important determinant of re-
duced bone accrual in these patients.
MTX increases bone mass in JIA pa-
tients by controlling joint inflammation
(36). However, we observed a negative
correlation between MTX treatment
and BMD. Long-term exposure to MTX
is associated with a high prevalence of
osteopenia and osteoporosis (and an in-
creased risk of fracture) in JIA patients
(37-38).

Previous studies show that JTA patients
treated with biological agents achieve
clinical remission and show improved
BMD (9, 16, 23); however, we did not
find a correlation between TNF-a and/
or IL-6 inhibitor therapy and BMD in
JIA patients. This may be due to the
small sample size and the short follow-
up period.

In addition, our longitudinal assess-
ment seems to suggest that JIA patients
experienced no significant improve-
ment in bone mass after 6 months of
follow-up. These data show that bone
mass deficits remains a concern for
children, adolescents, and young adults
with JTA, even though calcium supple-
mentation improves BMD in JIA (35).
In addition to routine calcium supple-
mentation, other therapies that increase
BMD values in JIA, such as physical
activity, are also advocated.

Both ourselves and others found that
BMD in JIA does not improve over
time (17, 37); thus JIA patients may
achieve unsatisfactory peak bone mass
in early adulthood, leading to an in-
creased risk of fracture.

In conclusion, patients with JIA have
low bone mass, especially those in
polyarticular group >7 years old with
higher disease activity. Thus, JIA pa-
tients have a high risk of osteoporosis
and fracture during early adulthood. To
reduce these risks, close monitoring of
BMD, early treatment, better control of
inflammation, increased physical ac-
tivity, and calcium supplementation are
recommended.
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