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Bone Health and Growth in Glucocorticoid-Treated
Patients with Juvenile Idiopathic Arthritis
HELENA VALTA, PEKKA LAHDENNE, HANNU JALANKO, KRISTIINA AALTO, and OUTI MÄKITIE 

ABSTRACT. Objective. To evaluate bone health and growth and their correlates in glucocorticoid (GC)-treated pedi-
atric patients with juvenile idiopathic arthritis (JIA).
Methods. Consecutive patients with a history of JIA for ≥ 2 years and systemic GC treatment for ≥ 3
months were assessed for bone health and its determinants. Areal bone mineral density (aBMD) and
vertebral body morphology were assessed with DEXA; Z scores were adjusted for calendar and bone
age. Values were correlated with biochemistry, disease activity, and medications.
Results. Sixty-two patients (43 female; median age 11.8 yrs, median disease duration 5.6 yrs) were
included. The median duration of GC treatment was 24 months and the median cumulative dose (as
prednisolone) was 2.2 g. Four patients had had fractures. The median bone age-corrected aBMD Z score
was –0.4 (range –2.9 to +1.8) for lumbar spine and –0.1 (range –2.1 to +2.4) for femoral neck.
Abnormal vertebral morphology was observed in 6 patients (10%). No correlation was found between
aBMD and disease characteristics or cumulative GC dose. The median Z score for height was +0.1
(range –2.9 to +1.5) and the median height-adjusted weight +4% (range –17% to +40%).
Conclusion. Our study showed low prevalence of osteoporosis and normal growth in children with JIA.
However, asymptomatic vertebral fractures were observed in 10% of the patients, indicating that DEXA
alone may not be sufficient when evaluating bone health in these children. Osteoporosis still remains a
concern in children with GC-treated JIA. (First Release Feb 15 2007; J Rheumatol 2007;34:831–6)
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Previous reports have associated juvenile idiopathic arthritis
(JIA) with detrimental changes in bone metabolism: second-
ary osteopenia and osteoporosis as well as growth retardation
have been documented1-4. Several factors may have a nega-
tive impact on bone health in JIA. Chronic inflammation may
result in periarticular and generalized bone loss5,6. Cytokines
and growth factors produced by synovial tissue may increase
osteoclast formation, activity, and/or survival and thus
increase bone resorption7. In patients with JIA the limited
physical functioning and reduced muscle forces acting on
bone may pose an additional risk for osteoporosis8,9.

Medications, especially glucocorticoids (GC), have been
regarded as the main threat for skeletal health in patients with

JIA. They enhance bone resorption and reduce bone forma-
tion10. This may result in symptomatic osteoporosis even in
children11,12. Methotrexate (MTX) has been reported to cause
osteopenia when used in the treatment of childhood malig-
nancies13. The dosing in JIA is substantially lower and does
not seem to have adverse effects on bone14,15.

Tumor necrosis factor-α (TNF-α) is known to be an impor-
tant mediator in inflammatory conditions. The new TNF-α
antagonists may prevent bone loss directly by regulating
osteoclast formation and activation or by decreasing the
amount of circulating cytokines16,17 and indirectly by allow-
ing for reduced GC dosing and improved physical
activity6,18,19.

We evaluated growth and bone health in children with JIA
who have been treated with GC and multiple drug combina-
tions. The results suggest that systemic skeletal complications
of the active disease and medications still remain a concern in
children with JIA.

MATERIALS AND METHODS
Study population. Sixty-two patients with JIA, diagnosed according to the
revised criteria for JIA20, were included in this prospective study at the
Hospital for Children and Adolescents, Division of Pediatric Rheumatology,
Helsinki University Hospital. The hospital is a tertiary referral center for
pediatric rheumatology patients. The annual incidence of JIA in this region is
up to 21/100,00021. The study protocol was approved by the Helsinki
University Hospital Ethics Committee and a written informed consent was
obtained from all the patients and/or parents.
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Study design. The study included consecutive patients, who (1) fulfilled the
revised criteria for JIA20 and were followed at the Pediatric Rheumatology
Outpatient Clinic, Helsinki University Hospital, since diagnosis; (2) were
between 4 and 18 years of age; (3) were diagnosed with JIA at least 2 years
prior to the study; and (4) had been treated with systemic GC for ≥ 3 months.
Of the 66 patients fulfilling the inclusion criteria, 62 (94%) consented and 4
(6%) refused because of social reasons or lack of interest.

Clinical characteristics. Medical records were reviewed for disease and treat-
ment characteristics and for growth and fractures. Orally administered GC
were converted to prednisolone equivalents, and absolute and weight-adjust-
ed (dose per body weight) cumulative doses of prednisolone were calculated
for each patient. The patients or their parents filled out questionnaires on the
patient’s physical activity and fracture history and on the child’s well-being.
The localization of the reported fractures and the mechanism of injury (low
or high energy, e.g., falling > 3 m or traffic accident) were recorded. A 3 day
dietary recall was obtained for each patient: the patients or their parents were
asked to record the trade names and amounts of all food items and beverages
consumed during 2 work days and one day of the weekend. Based on these
recordings, the average daily intake of calcium (Ca) and vitamin D were cal-
culated for each patient using a computer program, AIVO 2000 – Diet32, ver-
sion 1.4.2.1, based on the Finnish dietary references for 199822.

The patients were assessed clinically by a pediatric rheumatologist (PL or
KA). Global assessment of overall well-being by the parents, physician’s
global assessment of disease activity, and Childhood Health Assessment
Questionnaire (CHAQ) were determined. Inactive disease on medication was
defined as suggested by Wallace, et al23.

Growth assessment. Height was measured with a Harpenden stadiometer
(Holtain Limited, UK) and weight was measured in thin underwear with an
electric scale; values were compared with Finnish growth charts24,25. In addi-
tion, heights obtained at previous clinic visits were collected from hospital
records and compared with norms. Height standard deviation (SD) score
(height Z score) was defined as deviation of height, in SD units, from mean
height for age and sex24. Weights were expressed as height-adjusted values,
in percentages of the mean ratio in the normal population of same sex and
height, according to the Finnish standards24,25. Pubertal maturation was
assessed according to Tanner26.

Biochemistry. Blood biochemistry was obtained for blood erythrocyte sedi-
mentation rate (ESR), for plasma Ca, inorganic phosphate (Pi), alkaline phos-
phatase (ALP), parathyroid hormone (PTH), creatinine (Cr), and for serum
concentrations of 25-hydroxyvitamin D (25-OH-D), insulin-like growth fac-
tor-1 (IGF-1), and IGF binding protein 3 (IGFBP-3). Girls over age 8 years
and boys over 10 years were assessed also for gonadotrophins and sex
steroids (follicle-stimulating hormone, luteinizing hormone, and estradiol or
testosterone). Urine was analyzed for Ca to Cr ratio. P-Ca, P-Pi, P-ALP, fP-
PTH and S-25-OH-D, and urine Ca and Cr were determined by standard
assays. Reference ranges for P-Pi and P-Cr were age-dependent and, for P-
ALP, age- and sex-dependent; the measured values were transformed into SD
scores (Z scores) using normal values to allow for cross-sectional
comparison. 

Imaging studies. A plain radiograph of the left hand was obtained and bone
age determined according to Greulich-Pyle27. It was considered normal if it
differed less than 1.0 year from the calendar age. Bone mineral content
(BMC, g) and areal bone mineral density (aBMD, g/cm2) of the lumbar spine
(L1-L4), left femoral neck, total hip, and whole body were assessed with
dual-energy x-ray absorptiometry (DEXA) bone densitometry (Discovery A,
software version 12.01:3; Hologic Inc., Waltham, MA, USA). All measured
values were transformed into Z scores using the equipment-specific age- and
sex-adjusted reference database for US Caucasian children. In the absence of
a Finnish national database, these reference data were considered appropriate,
first because the heights of US children do not differ significantly from
Finnish children of same age and sex24,28, and second because BMD and its
variation in young Finnish adults is similar to that in the US Caucasian refer-
ence population (unpublished observation, Hologic Inc.). Whole-body lean
tissue mass (LTM) and BMC were obtained by DEXA and BMC/LTN ratio

calculated for both height and age according to Högler, et al, and the results
were transformed into Z scores29. The DEXA scanner can also produce later-
al and posteroanterior images of the spine (Instant Vertebral Assessment,
IVA) from T4 to L5 to detect vertebral compression fractures. IVA images
were obtained for all the patients. If the lumbar BMD Z score was ≤ –2.0 or
if a spinal compression fracture was suspected in the IVA images, standing
posteroanterior and lateral plain radiographs of the spine were also obtained.
The IVA images and spinal radiographs were assessed independently by
authors OM and HV for the presence of spinal compression deformities; dis-
cordant readings were reanalyzed for consensus and borderline cases were
classified as normal. The vertebral changes were classified as normal, mild,
or severe anterior wedge deformity or mild or severe compression deformity
according to the classification by Mäkitie, et al30; a height reduction of 20%
in the anterior or middle vertebral height was considered significant and
height reductions of less than 20% were regarded as normal. If compression
fractures were observed in the lumbar spine the affected vertebrae were omit-
ted from the assessment of aBMD.

Statistical analysis. Simple regression analysis, Student’s unpaired t-test, and
chi-square test were used, as appropriate, for statistical analysis (Statview®

5.0.1 for Macintosh, 1992-98; SAS Institute Inc., Cary, NC, USA). A p value
< 0.05 was considered statistically significant.

RESULTS
Patient and disease characteristics. Demographic data and
clinical characteristics of the 62 children with JIA are given in
Table 1. Disease activity at the time of the study assessment
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Table 1. Demographic data and clinical characteristics of the 62 patients
with JIA.

Study subjects
Males/females (%) 19 (31)/43 (69)
Age, median (range), yrs 11.8 (4.6–17.9)
Age at disease onset, median (range), yrs 4.0 (1.1–15.3)
Disease duration, median (range), yrs 5.6 (2.0–15.1)
Systemic onset (%) 2 (3)
HLA-B27-positive (%) 19 (31)
ANA antibody-positive (%) 15 (24)
History of uveitis (%) 20 (32)

JIA subtype, n (%)
Systemic arthritis 2 (3)
Persistent oligoarthritis 10 (16)
Extended oligoarthritis 16 (26)
Polyarthritis, RF-negative 33 (53)
Polyarthritis, RF-positive 1 (2)
Psoriatic arthritis 0 (0)
Enthesitis related arthritis 2 (3)

Anthropometric characteristics at study assessment
Height Z scores, median (range) +0.10 (–2.9 to +1.5)
Height-adjusted weight, % median (range) +4 (–17 to +40)
Prepubertal (Tanner stage 1) (%) 27 (44)
Pubertal (Tanner stage 2–3) (%) 20 (32)
Postpubertal (Tanner stage 4–5) (%) 15 (24)

Disease activity at study assessment, mean (range)
Physician’s global assessment of disease activity* 1.0 (0–8)
CHAQ** 0.2 (0–1.6)
Parent’s global assessment of child’s well-being* 1.1 (0–8.7)
No. joints with active disease† 0.8 (0–8)
No. joints with limited range of motion† 1.3 (0–8)
Erythrocyte sedimentation rate, mm/h 13 (2–65)

* Visual analog scale (0–10 cm), 0 = best and 10 = worst. ** Childhood
Health Assessment Questionnaire, score 0–3, 0 = best and 3 = worst. † 75
joints were evaluated per patient.
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varied among the patients (Table 1). Thirty-four patients
(55%) were in clinical remission and taking medication. All
patients were taking antirheumatic drugs at study assessment.

Ca and vitamin D. Twenty patients (32%) had been prescribed
vitamin D supplement (10–20 µg or 400–800 IU daily), and of
these, 9 patients (15%) were also taking Ca supplement
(500–1000 mg daily). The mean Ca intake of the study sub-
jects was 1350 mg per day (range 385–2560 mg) or 169% of
the recommended intake; it was below the recommendation in
10 (16%) patients. The mean daily vitamin D intake was 7.9
µg (316 IU; range 1.1–30.1 µg), corresponding to 157% of the
intake recommended in Finland at the time of the study; the
intake was less than recommended in 23 (37%) patients.

Physical activity. The majority of the patients (90%) partici-
pated in normal physical education at school. In addition, 35
patients (56%) had a regular, at least once weekly, leisure time
weight-bearing physical activity of at least 45 min duration.

Medications. During the course of their illness all patients had
been taking systemic GC treatment for at least 3 months. Twelve
patients (19%) had been taking combination therapy of GC and
MTX only, while 50 patients (81%) had taken 1–6 drugs in addi-
tion to GC and MTX. Forty-three patients (63%) had been
taking GC during the 2 years preceding the study. TNF-α anta-
gonists had been taken since 1999 by 20 (32%) patients with
treatment-resistant JIA; 17 patients (27%) had received TNF-α
antagonists during the 2 years preceding the study.

The median duration of systemic GC treatment was 24
months (range 3–152 mo). Fifty-four patients (87%) had been
on an alternate-day regimen for more than 90% of the total
duration of their GC treatment. The median cumulative dose of
GC, calculated as prednisolone, was 2.2 g (range 0.2–21.2 g).
The median cumulative weight-adjusted dose was 88 mg/kg
(range 11–1095 mg/kg). Both the total cumulative GC dose (p
= 0.022) and the weight-adjusted GC dose (p = 0.017) were
significantly higher in patients with polyarticular disease than
in those with oligoarticular disease. Patients treated with TNF-
α antagonists had significantly higher mean duration (1993 vs
734 days; p < 0.001) and mean cumulative weight-adjusted
dose (387 vs 99 mg/kg; p < 0.001) of GC than patients not tak-
ing TNF-α antagonists. Intraarticular corticosteroids had been
administered to 58 patients (94%); the median number of
injections given was 8 (range 1–37). The drugs taken by sub-
jects at the time of assessment are listed in Table 2.

Anthropometry. Most of the patients were of normal stature at
study assessment (height Z score –2.0 to +2.0 and height-
adjusted weight –15% to +20%). The median height Z score
was +0.1 and the median height-adjusted weight +4%. Two
patients (3%) had a height Z score below –2.0 (–2.4 and –2.9).
The height-adjusted weight was more than 20% above the
population mean for height and sex in 9 patients (15%) and
more than 20% below the population mean in none of the
patients. The median height Z scores at disease onset and
annually during followup are shown in Figure 1.

Fractures. Four patients (6%) had had a nonvertebral fracture
after the diagnosis of JIA: 2 clavicle, 1 wrist, and 1 metatarsal
fracture were recorded. All these fractures had resulted from
low energy injuries. No previously diagnosed compression
fractures were reported.

Biochemistry. The median P-Ca was 2.40 mmol/l; one patient
had mild hypocalcemia. One patient had P-Pi below the age-
adjusted reference value (0.74 mmol/l). Hyperphosphatemia
was not observed in any patient. The fP-PTH was within nor-
mal range (8–73 ng/l) in all but one patient who had supra-
normal fP-PTH (98 ng/l). Six patients (10%) were hypercalci-
uric (urine Ca:Cr ratio ≥ 0.7 mmol/mmol). The median S-25-
OHD was 49 nmol/l and it was ≤ 37 nmol/l in 16 patients
(26%). Concentrations of gonodotrophins and sex steroids
were in accord with pubertal status and no patient had evi-
dence of hypogonadism. The median Z score for P-ALP was
–0.5 (range –1.9 to +2.3).

Imaging studies. Most of the patients had aBMD Z scores

833Valta, et al: JIA and bone health

Table 2.  Drugs taken by the 62 study subjects with JIA at the time of study
assessment.

Therapeutic Agent Patients
N (%)

Methotrexate 49 (79)
Glucocorticoid 26 (42)
TNF-α antagonist 17 (27)

Infliximab 8
Adalimumab 5
Etanercept 4

Hydroxychloroquine 15 (24)
Leflunomide 5 (8)
Sulfasalazine 2 (3)

Figure 1. Linear growth since diagnosis in 62 patients with JIA. The bottom
of each box indicates the first, the cross line the second (median), and the top
the third quartile of the variables. Whiskers extend from the box to the high-
est and lowest values, excluding outliers. Numbers of observations at each
timepoint are indicated above the x-axis.
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between ± 2 SD of the reference values for the lumbar spine,
hip, and whole body in DEXA assessment (Table 3, Figure 2).
Since bone age was delayed by ≥ 1.0 year in 15 patients (24%)
and advanced by ≥ 1.0 year in 12 patients (19%), the aBMD
Z scores were calculated for both calendar age and for bone
age (Table 3). The median bone age-adjusted aBMD Z score
was –0.4 for lumbar spine, –0.1 for hip, and –0.1 for the whole
body. The lumbar spine Z score was significantly reduced (p =
0.01) as compared with the expected median Z score value of
0.0. The bone age-adjusted aBMD Z score was below –1.0 and
below –2.0 at the lumbar spine in 12 (19%) and in 3 patients
(5%), respectively, and at the hip in 13 patients (21%) and in 1
patient (2%), respectively. The median BMC/LTM ratio Z
score for height was –0.20 (range –2.6 to +1.6) and for age
0.23 (range –2.4 to +1.25); the Z scores for height or age were
below –1.0 in 15 and 6 subjects, respectively.

IVA images were available for all 62 patients. In addition,
standard radiographs of the thoracal and lumbar spine were
also available for 10 patients. Abnormal vertebral morpholo-
gy, suggesting compression fractures, was observed in 6
patients (10%), 3 male and 3 female, ranging in age from 8.2
to 15.4 years (mean 12.8 yrs). Five patients had anterior
wedge deformity and one patient, a compression deformity
affecting the anterior, middle, and posterior heights of the ver-
tebrae. Only one of these patients had compression fractures
affecting lumbar region L1-L4; his aBMD was not included in
the further data analysis. Four of the 6 patients with vertebral
changes had polyarticular, one had extended oligoarticular,
and one oligoarticular JIA. Their mean disease duration was
5.0 years (2.7–8.2 yrs), mean height Z score at study assess-
ment +0.4 (–0.8 to +1.2), mean height-adjusted weight 14.7%
(–6% to +49%), and mean cumulative GC dose 3.1 g (0.8–8.5
g), or 120 mg/kg (23–443 mg/kg). Three of the 6 had been
treated with TNF-α antagonists. Their mean daily Ca intake
was 1348 mg and mean vitamin D intake 7.9 µg. There was no
statistically significant difference in the duration of GC treat-
ment (p = 0.358) or weight-adjusted cumulative GC dose (p =
0.433) in patients with abnormal vertebral findings as com-
pared with patients with normal vertebral morphology. None
of the 6 patients had calendar age or bone age-adjusted aBMD
Z scores below –2.0.

Correlates of bone health. Patients with longer disease dura-
tion tended to have lower bone age and calendar age-adjusted

aBMD Z scores at the hip but not in the lumbar spine. No cor-
relation was found between any of the aBMD measures and
the age at disease onset. There was no difference in bone age
or calendar age-adjusted aBMD measures, nor in any of the
biochemical measures, between patients with polyarticular or
oligoarticular disease. The aBMD values adjusted for bone
age or calendar age in the femoral neck or lumbar spine did
not correlate with disease activity at the time of the study.

There was no correlation among the number of intraarticu-
lar corticosteroid injections, markers of disease activity (Table
1), biochemical measures, or vitamin D or Ca intake and any
of the bone age or calendar age-adjusted aBMD Z scores.

Neither the total duration of GC treatment nor the weight-
adjusted cumulative GC dose showed significant correlation
with any of the aBMD measures. Further, no significant dif-
ference in the aBMD values was found between the 26
patients who were taking steroid treatment, or the 17 patients
who were taking anti-TNF treatment at the time of DEXA,
and the rest of the study subjects. The calendar age (r = 0.74,
p < 0.0001) and bone age (r = 0.52, p < 0.001) adjusted aBMD
Z scores at the hip and lumbar spine correlated with each
other. A strong positive correlation was observed between the
Z score for height and the calendar age-adjusted aBMD Z
scores for total hip (r = 0.37) and lumbar spine (r = 0.53) (p <
0.005 for both).

DISCUSSION
Recent years have brought significant changes to the therapy
of JIA with the introduction of new antirheumatic drugs.
While several previous reports have found a high prevalence
of osteopenia and osteoporosis in patients with JIA3,4,31, our
results suggest that the presently used treatment modalities
have resulted in improved overall skeletal health in children
with JIA. However, subnormal BMD readings as well as ver-
tebral compression fractures were also detected in our cohort.
These are evidence for the significant potential risks of JIA to
normal bone health.

The skeletal health of patients in our study was evaluated
by fracture history and DEXA assessment. In addition to con-
ventional BMD assessment, lateral spinal images were
obtained to identify spinal compression fractures30. The BMD
values were corrected for bone age to avoid misinterpretation
of the results. The results suggest that only a minority of the
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Table 3. Bone mineral density (BMD) measurements, obtained by DEXA, for the 62 patients with JIA. Data are median (range).

Lumbar Spine Total Hip Femoral Neck Whole Body
(L1–L4)

aBMD, g/cm2 0.685 (0.413–1.114) 0.719 (0.464–1.173) 0.664 (0.420–1.079) 0.740 (0.561–1.065)
aBMD Z score –0.1 (–2.9 to + 2.2) 0.0 (–2.4 to + 2.0) –0.3 (–2.3 to +1.5) –0.2 (–2.4 to + 2.4)
aBMD Z score corrected –0.4 (–2.9 to +1.8) –0.1 (–2.1 to + 2.4) –0.1 (–1.9 to +2.4)

for bone age

aBMD: areal bone mineral density.
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children treated for JIA with the presently available drug com-
binations develop significant osteopenia or symptomatic
osteoporosis. Further, most of these patients were of normal
stature and only 2 patients had a height Z score below the pop-
ulation reference values.

The study group did, however, include 6 children with
asymptomatic vertebral compression fractures that can be
regarded as a sign of significant secondary osteoporosis.
Further, the median aBMD Z score for the lumbar spine,
although well above –1.0, was below the population mean for
age and sex, further evidence that the underlying illness and
the medical treatment have adverse effects on the skeleton. In
a recent study, 196 children with a history of solid organ trans-
plant were similarly assessed for growth, BMD, and frac-
tures32. The study showed a high prevalence of growth retar-
dation and osteoporosis, and a several-fold increased preva-
lence of peripheral and vertebral fractures in the transplant
patients32. When compared with the observations in the trans-
plant patients, the present study group of children with JIA
showed significantly fewer skeletal complications. However,
the vertebral fracture rate was still higher than in a healthy
pediatric population. No previous study on JIA systematically
evaluated the subjects for the presence of compression frac-
tures, and the overall prevalence and risk factors of these
skeletal complications remain largely unknown.

GC are known to have a strong negative influence on bone
metabolism. The increased bone resorption may be the result
of decreased intestinal Ca absorption, increased urinary Ca
excretion, or of decreased gonadotrophin, sex steroid, and
IGF-I synthesis33. With extended exposure to steroids the
osteoblast function also decreases10. In our study, the duration
of systemic GC treatment varied from 3 months to 12.5 years
and mainly alternate-day dosing was used. An alternate-day
steroid regimen may induce fewer GC side effects than the

daily regimen34-36. The use of alternate-day steroid regimen
may partly explain the good linear growth and normal puber-
tal development in the majority of our patients. In addition to
dosing, other factors, such as individual variability in GC-
metabolizing enzymes in osteoblasts37 and steroid hormone
receptor polymorphisms38, may influence the degree of
steroid-induced bone loss.

TNF-α is a major cytokine mediating inflammation in JIA;
it also stimulates osteoclastogenesis and simultaneously
inhibits osteoblast function39. The favorable treatment
response to TNF-α antagonists is likely to result not only in
reduced symptoms and overall disease activity but also in a
more favorable balance between osteoclast and osteoblast
function. Further, the reduced disease activity allows for
lower dosing or discontinuation of systemic GC and improved
physical activity of the patients. Our findings are in line with
the suggested beneficial skeletal effects of TNF-α antagonists,
but the cross-sectional study setting and small number of
patients do not allow for any detailed conclusions. 

Vitamin D plays an important role in Ca homeostasis.
Several studies have shown a high prevalence of subclinical
vitamin D deficiency in Finland40,41. In our study, 26% of the
patients had a S-25-OH-D value below 37.5 nmol/l despite an
average vitamin D intake corresponding to 157% of the rec-
ommended daily intake of 5 µg. The vitamin D concentrations
in our study subjects were similar to those shown in the gen-
eral Finnish population40,41. In October 2005 the Finnish rec-
ommendation for vitamin D intake was increased to 7.5 µg
daily. It is not yet known whether even this higher dose suffi-
ciently increases vitamin D levels. These preventive measures
are of great importance, especially in chronically ill children
who are at increased risk of developing osteoporosis42.

Childhood weight-bearing physical activity has been rec-
ognized as a significant determinant of peak bone mass43,44.
There are only a few studies addressing the influence of
weight-bearing exercise programs on bone health in patients
with rheumatoid arthritis. In our cohort, good control of dis-
ease activity had allowed normal physical activity in most of
the patients, over 90% of the subjects being able to attend the
normal school based physical education program. It is likely
that the improved disease control also contributes to bone
health by allowing for increased weight-bearing exercise.

Our study showed reductions in aBMD and a 10% preva-
lence of vertebral compression fractures in GC-treated chil-
dren with JIA. Despite the satisfactory average BMD and
height Z scores, the high prevalence of vertebral fractures
indicates that osteoporosis remains a concern in children with
JIA. More attention needs to be paid to preventive measures
such as optimizing vitamin D and Ca intake and encouraging
weight-bearing physical activity in patients with satisfactory
disease control. Compression fractures may be present even in
asymptomatic patients. Systematic followup for bone health,
including DEXA and spinal imaging, is recommended for
children treated with JIA.

835Valta, et al: JIA and bone health

Figure 2. Areal BMD values for the 62 patients with JIA. The bottom of each
box indicates the first, the cross line the second (median), and the top the
third quartile of the variables. Whiskers extend from the box to the highest
and lowest values, excluding outliers. LS: lumbar spine; Fem: femoral head;
CA: calendar age-adjusted; BA: bone age-adjusted.
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