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Bone Mineral Density and Turnover in 
Non-Corticosteroid Treated African American 
Children with Juvenile Rheumatoid Arthritis
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ABSTRACT. Objective. To determine bone mineral content (BMC), bone mineral density (BMD), Z scores, and
markers of bone turnover in African American children with juvenile rheumatoid arthritis (JRA).
Methods. Eight children with JRA with no prior exposure to corticosteroids were evaluated. Lumbar
spine (L1–L4) and total body and total hip BMC and BMD were determined using dual x-ray absorp-
tiometry (DXA), and Z scores (BMD) were calculated. Serum samples of markers of bone turnover
including pyridinoline (PYR), N-terminal propeptide of type I procollagen (P1NP), osteocalcin (OC),
and bone-specific alkaline phosphatase (BSAP) were measured.
Results. The mean Z score (BMD) at the lumbar spine (L1–L4) in patients with JRA was –1.2 ± 0.8. Z
scores for total body and total hip were within 1 standard deviation of normal compared with healthy
historical controls matched for age, sex, and race.
Conclusion. BMD was normal for chronological age (defined as Z score ≥ 2.0) in African American
children with JRA who had not previously been treated with corticosteroids. Further studies are needed
on the effects of JRA on skeletal health in African American children. (J Rheumatol 2006;33:1001–3)
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Low bone mineral content (BMC) and bone mineral density
(BMD) are frequent findings in Caucasian children with rheu-
matic diseases, including juvenile rheumatoid arthritis
(JRA)1-4. JRA may also have longterm consequences on bone;
one report suggested that the frequency of low bone mass is
higher in adolescents with a history of early onset juvenile
idiopathic arthritis5.

Racial differences in disease expression between African
American and Caucasian children with JRA have been report-
ed6. However, no study to date has examined the effects of

JRA on bone in African American children. We investigated
areal BMC and BMD of the lumbar spine, total body and total
hip, Z scores, and biomarkers of bone turnover in African
American children with JRA.

MATERIALS AND METHODS
Patients were recruited from the pediatric rheumatology clinic at LeBonheur
Children’s Medical Center, Memphis, Tennessee. African American children
< 18 years of age (age at diagnosis < 16 yrs) who met the American College
of Rheumatology (ACR) criteria7 for the classification of pauciarticular, pol-
yarticular, or systemic JRA were recruited. Patients were excluded for previ-
ous steroid treatment, weight > 250 pounds (113.6 kg), and pregnancy and/or
lactation.

All patients had a physical examination performed by the same trained
rheumatologist (AJH). Height, weight, Tanner staging, and tender and
swollen joint counts were performed. Laboratory investigation included
measurement of Westergren erythrocyte sedimentation rate (ESR) and meas-
urement of bone biomarkers. Pyridinoline (PYR; Quidel Corp., San Diego,
CA, USA), a marker of bone resorption, was measured in serum by ELISA.
The N-terminal propeptide of type I procollagen (P1NP) (DiaSorin,
Stillwater, MN, USA), a marker of bone formation, was measured in the
serum by radioimmunoassay. Additional markers of bone formation, includ-
ing osteocalcin (OC) and bone-specific alkaline phosphatase (BSAP) were
measured in serum by ELISA (Quidel). All specimens were measured in
duplicate, and the mean value recorded. In our laboratory, the intraassay coef-
ficients of variation (CV) for PYR, P1NP, OC, and BSAP are 8.57%, 2.68%,
4.18%, and 3.83%, respectively.

Questionnaires were completed with assistance by an experienced nurse
interviewing the child and parent. Demographic data, medical history, histo-
ry of fracture, medications, menstrual history, family history of osteoporosis,
smoking, and alcohol use were recorded. A Childhood Health Assessment
Questionnaire (CHAQ) measured disability and pain.
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BMC (g) and area (cm2) were measured for the lumbar spine (L1–L4),
total body, and total hip with dual-energy x-ray absorptiometry (DXA;
Hologic Discovery: a fan-beam densitometer using low density software);
BMD (g/cm2) was subsequently calculated for these areas. Z scores (relative
to BMD) were calculated using the program provided by Dr. L. Bachrach,
Stanford University School of Medicine8 (available from: http://www-stat-
class.stanford.edu/pediatric-bones/#applet).

Continuous variables were analyzed using the Wilcoxon rank-sum test.
All analyses were performed using SAS System for Windows (v 9.1; SAS
Institute, Cary, NC, USA).

RESULTS
A total of 8 JRA patients (systemic n = 2, pauciarticular n = 1,
polyarticular n = 5; male n = 3, female n = 5) are included in
this report. Baseline characteristics including age, height,
weight, Tanner stage, history of fractures, smoking history,
and body mass index are shown in Table 1. The mean disease
duration was 60.1 months, mean ESR was 23.3 ± 24.1 mm/h,
mean CHAQ score was 0.8 ± 0.6, and the mean numbers of
tender and swollen joints were 1.1 ± 0.6 and 2.5 ± 4.2, respec-
tively. All patients were current users of nonsteroidal antiin-
flammatory drugs; one patient also reported current use of
methotrexate (data not shown).

BMC, BMD, and Z scores (from BMD) of the JRA patients

are shown in Table 2. The mean Z score at the lumbar spine
was –1.2 ± 0.8 in the JRA patients. Z scores (from BMD) at
other skeletal sites, including total body and total hip, were
within 1 standard deviation of the mean for age, sex, and race
matched controls (Table 2).

Markers of bone turnover including P1NP, OC, and BSAP
(formation) and PYR (resorption) were measured. The mean
and standard deviation values in these JRA patients were:
P1NP 622.4 ± 451.7 µg/l, OC 28.4 ± 11.9 ng/ml, BSAP 113.0
± 69.4 U/l, and PYR 2.4 ± 0.4 nmol/l. Because historical nor-
mative data for biomarkers specifically relative to African
American children have not been reported, 3 race matched
controls, mean age 11.1 ± 5.7 years, with no history of corti-
costeroid use or JRA, also donated blood for this analysis.
P1NP, OC, BSAP, and PYR did not differ significantly
between the JRA patients and these controls (data not shown).

DISCUSSION
The major finding of our study is that African American chil-
dren with JRA who have never been treated with corticos-
teroids have lumbar spine, total hip, and total body Z scores
(from BMD) of ≥ –2. This is significant, because guidelines
set forth by the International Society for Clinical
Densitometry (ISCD) suggest that in children only Z scores 
≤ –2 should be considered low for chronological age9. Our
findings suggest that BMD in African American children with
JRA is within normal limits for chronological age.

Studies on BMC and BMD in children with JRA have
largely been confined to Caucasian populations, and have not
included large numbers of African Americans1-5,10. In
Caucasian children with JRA, lower BMD at the lumbar spine
(in postpubertal girls)11 and distal 1/3 radius12, compared with
controls, has been reported. To our knowledge, ours is the first
report of BMD in exclusively African American children with
JRA who have never been treated with corticosteroids.

Normative data on biomarkers in healthy children are lim-
ited; however, the mean values for all biomarkers measured in
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Table 1. Characteristics of patients with juvenile rheumatoid arthritis
(JRA) (n = 8).

Characteristic Mean (SD) or N (%)

Male 3 (38)
Female 5 (63)
Age, yrs 14.0 (3.0)
Weight, kg 56.7 (17.0)
Height, cm 160.9 (13.5)
Tanner staging

1 0 (0)
2 0 (0)
3 2 (25)
4 0 (0)
5 6 (75)

Type of JRA
Systemic 2 (25)
Pauciarticular 1 (13)
Polyarticular 5 (62)

Disease duration, mo 60.1 (41.1)
Tender joint count 1.1 (0.6)
Swollen joint count 2.5 (4.2)
CHAQ-DI 0.8 (0.6)
Morning stiffness, min 16.3 (20.3)
Pain score, mm 50.5 (35.6)
MD global score, mm 23.8 (17.7)
ESR, mm/h 23.3 (24.1)
Fragility fracture 0 (0)
Traumatic fracture 1 (12.5)
Current smoking status 0 (0)
NSAID use 8 (100)

CHAQ-DI: Childhood Health Assessment Questionnaire Disability Index.
NSAID: nonsteroidal antiinflammatory drugs; ESR: erythrocyte sedimen-
tation rate.

Table 2. BMC, BMD, and Z scores (BMD) in patients with JRA (n = 8) by
DXA.

Mean (SD)

BMC, g
Total body 1891.1 (332.6)
Total hip 26.3 (6.5)
Lumbar spine (L1–L4) 43.1 (12.4)

BMD, g/cm2

Total body 0.995 (0.063)
Total hip 0.904 (0.142)
Lumbar spine (L1-L4) 0.828 (0.140)

Z scores (BMD)
Total body –0.2 (0.9)
Total hip –0.6 (1.0)
Lumbar spine (L1-L4) –1.2 (0.8)

BMC/D: bone mineral content/density.
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our study including P1NP, OC, BSAP, and PYR were within
the normal ranges reported for these biomarkers in healthy
children12-14. Because historical normative data for biomark-
ers specifically in African American children have not been
reported, we also measured biomarkers in 3 race matched con-
trols, mean age 11.1 ± 5.7 years, with no history of corticos-
teroid use or JRA, and found no significant differences
between these controls and the JRA patients (p > 0.05 for
P1NP, OC, BSAP, and PYR, data not shown). In support of
this, in Caucasian children with JRA, one report has suggest-
ed that bone turnover is normal4. In contrast, another report
suggested that bone turnover may be lower in Caucasian chil-
dren with JRA compared with healthy controls15.

Our study has several limitations. The sample size was rel-
atively small, and we included patients with several different
types of JRA and Tanner stages. Our study was not adequate-
ly powered to examine differences in bone metabolism mark-
ers between JRA subjects and 3 controls; however, we chose
to include these controls because there is a lack of normative
data on bone metabolism markers in African American chil-
dren. Finally, our patients had low disease activity, and results
may differ in populations with more severe disease activity.

Our study has several strengths as well. We are the first to
study BMD and describe bone biomarkers in a population of
all African American children with JRA. Further, our results
are not confounded by corticosteroid use, which can affect
BMD substantially.

Bone mineral density was normal for chronological age
(defined as a Z score ≥ –2.0) in African American children
with JRA who had not previously been treated with corticos-
teroids. However, further studies are needed to determine
whether JRA has longterm implications for skeletal health in
African American children.
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