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Abstract Rheumatoid arthritis (RA) is a major cause of
secondary osteoporosis and is frequently associated with
both paraarticular and generalized osteoporosis. The
present study was designed to investigate the preferential
sites of reduction of bone mineral density (BMD), in the
early stage of RA, with special emphasis on the differ-
ential effect of RA on BMD in trabecular and cortical
components. The participants (30 RA patients and 26
healthy participants) were all female with disease dura-
tion of less than 1 year. BMD in the radius was mea-
sured at 4% (ultradistal site) and 20% (midshaft) to the
ulnar length proximal to the end of radius by peripheral
quantitative computed tomography. BMD in lumbar
spine was measured by dual X-ray absorptiometry and
the osteo-sono assessment index (OSI) of the calcaneus
by ultrasound. RA patients showed lower BMD pref-
erentially in the trabecular component, but not in
cortical bone component of the ultradistal radius than
age-matched normal controls. Calcaneus OSI was also
significantly reduced. The radial midshaft and lumbar
spine did not differ significantly between RA patients
and normal controls. Trabecular BMD in the ultradistal
radius exhibited negative correlations with serum CRP,
ESR, and RF, and calcaneus OSI with M-HAQ score. In
conclusion, it was suggested that disease activity of RA
and impairment of daily physical activity might be
a significant determinant of deterioration of bone
structure in paraartciular distal radius and calcaneus,
respectively, in early-stage RA patients.
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Introduction

Rheumatoid arthritis (RA) is frequently associated with
paraartciular and generalized osteoporosis, although the
exact mechanism is as yet unknown [1, 2]. We have re-
ported that several mechanisms are involved in the
development of osteoporosis in RA patients [3, 4, 5].
One of the major mechanisms of paraarticular osteo-
porosis involves increased release into affected joints of
inflammatory cytokines with bone-resorptive activity,
such as interleukin 1 (IL-1), interleukin 6 (IL-6), and
tumor necrosis factor (TNF) [4, 5, 6, 7, 8]. Malnutrition
[9], impairment of physical activity [10], and drugs for
RA such as steroids [11] and methotrexate [12] may play
an important role in the development of generalized
osteoporosis.

Since several mechanisms contribute to the develop-
ment of osteoporosis in RA and the importance of each
mechanism in the development of osteoporosis at each
site may differ, it is possible that reduction of bone mass
in RA patients may develop at different sites with dif-
ferent kinetics. Previous study reported that loss of
trabecular bone in the distal radius was more rapid than
those of the radial midshaft or lumbar spine in earlier
stages of RA, although its mechanism and the data on
changes in cortical bone component were not known
exactly [13]. The clinical application of peripheral
quantitative computed tomography (pQCT) made it
possible to measure volumetric bone densities of total,
trabecular, and cortical bone components separately in
the radius [14]. We measured bone mineral density
(BMD) in the radius at 4% (ultradistal site) and 20%
(midshaft) to the ulnar length proximal to the end of
radius by pQCT, as indexes of paraarticular and gen-
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eralized osteoporosis [13, 14]. Furthermore, lumbar
spine (L2-L4) BMD and calcaneus osteo-sono-assess-
ment index (OSI) were measured as indexes of general-
ized osteoporosis.

This background prompted us to determine the
preferential site of reduced BMD in early RA patients
among ultradistal and midshaft of radius, lumbar spine,
and calcaneus, and its mechanism, particularly focusing
on the different effect of RA on the trabecular and
cortical components.

Patients and methods

Participants

The participants were all female and consisted of 30 RA patients
and 26 healthy controls, from whom written informed consent was
obtained. The study was approved by Ethics Committee of Osaka
City University Hospital. The RA patients were recruited consec-
utively from the patients of the Outpatient Clinic of Rheumatology
at Osaka City University Hospital and were diagnosed according to
the 1987 revised American Rheumatism Association criteria [15].
As controls, we selected 26 healthy participants from people who
participated in a local health check program at the Osaka City
University Hospital. The mean ages of the RA patients and healthy
controls were 52.1±11.9 years and 54.4±11.3 years, respectively.
The duration of RA was less than 1 year.

To avoid confounding by other known risk factors of osteo-
porosis, we selected participants using the following exclusion cri-
teria: (1) smoking, (2) renal disease possibly causing secondary
hyperparathyroidism, (3) endocrine disorders, (4) liver disease, (5)
malnutrition (serum albumin <3.0 g/dl), (6) the administration of
any medication including steroid and methotrexate that might
affect bone and mineral metabolism, and (7) severely disabled
patients unable to walk unassisted.

Serum samples were collected from the 30 RA patients and
relevant laboratory variables measured (blood sedimentation rate,
blood concentration of hemoglobin [Hb], platelets, serum concen-
trations of C-reactive protein [CRP], rheumatoid factor [RF],
immunoglobulin G [IgG], IgA and IgM, and albumin). All of the
30 RA patients were receiving multiple medication, with 21 patients
taking nonsteroidal anti-inflammatory drugs (NSAIDs), 9 gold, 11
salazosulfapyridine, and 15 bucillamine.

Assessment of activity of daily life (ADL) score

Physical function and health-related quality of life were assessed
using a self-administered questionnaire modified from the Stanford
Health Assessment Questionnaire, named the modified Health
Assessment Questionnaire (M-HAQ) [16]. M-HAQ score is rele-
vant to assess ADL in Japanese RA patients [17, 18].

Peripheral quantitative computed tomography (pQCT)

pQCT measurements were performed at 4% (ultradistal site) and
20% (midshaft site) to the ulnar length proximal to the end of
radius with a single 2.5-mm thick CT slice on the nondominant side
using an XCT-960 scanner (Stratec Inc, Pforzheim, Germany), as
described previously [19, 20, 21]. Briefly, the bone mineral content
(g/mm), the cross-sectional bone area, and the bone mineral density
(g/cm3) were determined at the ultradistal site for the entire cross
section as well as for the trabecular compartment. After the
determination of the entire bone contour, the outer 55% of voxels
were concentrically peeled off. The remaining 45% of voxels were
defined as the trabecular region [19, 20]. The peeled-off area was
defined as the cortical plus subcortical area [19, 20]. At the midshaft

site, BMD was measured only for the entire cross section as the
cortical component because of the paucity of trabecular bone at
this site [19, 21]. The former measurement site was chosen to
analyze the effect of RA on the trabecular volumetric component of
paraarticular bone separately from the cortical component [13, 20],
and the latter to measure the effect of RA on the cortical volumetric
component of generalized bone [21]. Image processing and calcu-
lation of numerical values were performed using the manufacturer’s
software package. The precision of the pQCT procedure ranged
from 1% to 2%, depending upon the parameter assessed [22].

BMD measurement at lumbar spine

BMD was measured in the lumbar spine (L2-L4) by dual-energy X-
ray absorptiometry (DXA; QDR-4500A, Hologic, Waltham, MA),
essentially as previously described [23]. The precision of the mea-
surement of lumbar spine BMD using DXA was less than 1.8%.

Quantitative ultrasound assessment of calcaneus

Quantitative ultrasound assessment of calcaneus was performed
using an ultrasound system (Acoustic Osteo-Screener, AOS-100;
Aloka, Tokyo, Japan), as previously described [24]. Briefly, the
AOS-100 measures both speed of sound (SOS) and an attenuation-
related parameter called the transmission index (TI). These mea-
surements yield a derived parameter, the osteo sono-assessment
index (OSI), which has been proposed to be an estimate of the
elastic modulus of the calcaneus. Precision of the OSI parameter
was 2.2% [25].

Statistical analysis

Values are expressed as mean ± SD unless otherwise indicated.
Statistical analysis was performed with the Stat View V system
(Abacus Concepts, Berkeley CA) for the Apple computer. Com-
parison of mean values between the two groups was performed by
Student’s t-test. The correlation coefficients were calculated by
simple regression analysis. P values of less than 0.05 were consid-
ered significant.

Results

Clinical profiles of RA patients and healthy controls

The RA patients and healthy controls chosen were all
female to exclude the effect of gender on bone mass.
There were no significant between-group differences in
the proportion of premenopausal and postmenopausal
women, or in age, height, body weight, or body mass
index (Table 1).

BMD at various sites in RA patients and controls

Table 2 shows that BMD measured by pQCT in tra-
becular bone at the ultradistal radius was significantly
lower in RA patients than in normal controls
(p<0.0001). Interestingly, however, total bone BMD at
the ultradistal radius in RA patients did not differ sig-
nificantly from that in controls (p>0.10). Cortical and
plus subcortical bone BMD at ultradistal radius did not
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differ significantly between RA patients and normal
controls (p>0.10). BMD at midshaft radius did not
differ significantly between RA patients and normal
controls. Nor did BMD at the lumbar spine measured by
DXA differ significantly, although calcaneus OSI mea-
sured ultrasonographically was significantly lower in RA
patients (p<0.05).

Correlation of RA activity with trabecular BMD
in the ultradistal radius and with calcaneus OSI
in RA patients

We next determined the significance of the effect of RA
on trabecular bone component in the radius and calca-
neus. Table 3 shows the summary of simple correlations
of trabecular BMD in ultradistal radius and calcaneus

OSI with various variables indicating RA disease activ-
ity. Of the clinical variables, blood sedimentation rate
and rheumatoid factor showed a significant and negative
correlation, and C-reactive protein a tendency to nega-
tive correlation with trabecular BMD in the ultradistal
radius. In contrast, none of RA disease marker
correlated significantly with calcaneus OSI.

Correlation between calcaneus OSI Z-score
and M-HAQ score

We next examined the effect of daily physical activity on
calcaneus OSI, and on BMDs in radius and lumbar
spine. A negative correlation, although not significant
probably due to the small number of RA patients,
was found between the two parameters (r=)0.313,
p=0.087) (Fig. 1). However, M-HAQ score did not
correlate either with BMDs in trabecular bone at the
ultradistal radius (r=)0.194, p=0.323), in midshaft
radius (r=)0.222, p=0.237), or lumbar spine
(r=)0.281, p=0.125).

Discussion

The present study demonstrated that early-stage RA
patients showed significant reductions in the trabecular
BMD of the paraarticular ultradistal radius and in the
trabecular bone-rich calcaneus OSI compared with
healthy controls. However, the mechanisms of lower
bone mass in these sites may differ. Negative correla-
tions of trabecular BMD in the paraarticular ultradistal
radius with CRP, BSG, and RF in RA patients suggests
that local inflammation in the affected joints may be an
important factor for BMD reduction in paraarticular
trabecular bone. In contrast, a negative correlation of
calcaneus OSI with M-HAQ score, but not with any

Table 2 Comparison of bone
mass at various sites, between
RA patients and healthy
controls. Data are shown as
mean ± SD; n.s. not significant
(p>0.10) by Student’s t-test

Site of bone mass measurement RA patients
(n=30)

Healthy controls
(n=26)

p value

BMD in distal radius 4% (mg/cm3)
Trabecular bone component 147.3±39.0 199.7±51.6 <0.0001
Total bone component 371.9±66.9 392.3±88.4 n.s.
Cortical plus subcortical bone component 874.2±8.6 875.1±12.7 n.s.

BMD in distal radius 20% (mg/cm3) 1128±68.6 1133±67.0 n.s.
BMD in lumbar spine L2-L4 (g/cm2) 0.952±0.183 0.962±0.173 n.s.
Calcaneus OSI (x106) 2.349±0.247 2.498±0.362 <0.05

Table 3 Summary of simple correlation of clinical variables indi-
cating RA activity with trabecular BMD in radius 4% and calca-
neus OSI. Correlation of clinical variables indicating RA activity
was examined with Z-score, the number of standard deviations by
which a given measurement differs from the mean for a gender- and
age-matched healthy Japanese population, of ultradistal trabecular
BMD and calcaneus OSI

Clinical variables Trabecular
BMD in radius
4% (Z-score)

Calcaneus OSI
(Z-score)

r p r p

C-reactive protein )0.348 0.076� )0.119 0.571
Blood sedimentation rate )0.487 0.010* 0.001 0.996
Rheumatoid factor )0.670 0.001* )0.323 0.115
Immunoglobulin G )0.146 0.485 )0.193 0.367
Immunoglobulin M )0.097 0.643 )0.082 0.702
Immunoglobulin A )0.126 0.550 0.259 0.222
Platelet )0.030 0.882 )0.126 0.549
Albumin 0.217 0.278 )0.089 0.673

*p<0.05, �p<0.10

Table 1 Clinical profiles of RA
patients and healthy controls.
Values are mean ± SD; n.s. not
significant (p>0.10), as
determined by v-square test.
Comparison of mean values
between two groups were
performed by Student’s t-test

RA patients (n=30) Healthy controls (n=26) p value

Female/male 30/0 26/0 n.s.
Premenopausal/Postmenopausal 16/14 14/12 n.s.
Age (years) 52.1±11.9 50.4±13.8 n.s.
Height (cm) 155.8±5.5 153.6±4.1 n.s.
Body weight (kg) 52.8±7.6 52.7±7.8 n.s.
Body mass index (kg/m2) 21.8±2.8 22.4±3.6 n.s.
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inflammation marker, suggests the impairment of
physical activity as a major factor for reduction of cal-
caneus OSI.

pQCT is able to measure the BMD of the trabecular
component of the distal radius separately from the cor-
tical component [19, 20, 21]. However, the measured
cortical bone component does not exactly comprise
cortical bone because of the inclusion of subcortical
bone, the endosteal portion of the cortex, and also tra-
becular bone component, since the Stratec pQCT system
defines outer 55% of voxels as cortical bone area [19,
26]. Since the present study showed that trabecular
BMD, but not total or cortical plus subcortical BMD, in
the ultradistal radius was reduced in early RA patients
(Table 2), it was concluded that the BMD of the tra-
becular component of the ultradistal radius was prefer-
entially reduced in early RA patients compared with
age- and gender-matched controls, in contrast to the
maintenance of BMD observed in the cortical compo-
nent. A previous report demonstrated that loss of tra-
becular bone component in the ultradistal radius was
more rapid in RA than those of the radial midshaft or
lumbar spine, although they did not measure the rate of
cortical bone loss in the ultradistal radius [13]. Fur-
thermore, we elucidated the importance of RA-induced
inflammation on the loss of paraarticular trabecular
bone as evidenced by a negative correlation between
inflammation marker and trabecular BMD in the ul-
tradistal radius.

Previous reports of ours have indicated that humoral
factors with bone resorptive activity, such as IL-1, IL-6,
TNF [5], and hepatocyte growth factor [3], and extra-
renal activation of vitamin D [4], may contribute to
BMD reduction in paraarticular trabecular bone. Since
these are humoral factors that activate bone resorption,
it is reasonable to suppose that metabolically active
trabecular bone is more susceptible than cortical bone to
the enhancement of bone resorption by humoral bone

resorptive factors. Previous reports have shown that
DXA-determined total BMD in the forearm, which
consists of 85% cortical bone and 15% trabecular bone,
is significantly reduced in RA patients compared with
control participants and that number of years since
menopause, M-HAQ score for the upper extremities,
and BSG appear to be significant determinants of fore-
arm BMD [26]. Since DXA cannot discriminate tra-
becular BMD from cortical BMD and since the RA
patients analyzed were at a more advanced stage, the
conclusion drawn from the previous study may contrast
with that of the present study. Furthermore, a longitu-
dinal study has shown that RA patients lose bone mass
in spine, femoral neck, and Ward’s triangle more rapidly
than healthy controls, resulting in generalized bone loss
at a more advanced stages of RA [27]. Recent reports
have shown that the risk factors for generalized osteo-
porosis in RA patients increase with longer duration and
greater severity of the disease [20], suggesting that the
sites of osteoporosis may differ between RA patients in
an early stage and those in more advanced stages.

Although the measurement of calcaneus ultrasound
includes not only bone density but also bone elasticity
and architecture, parameters of quantitative ultrasound
assessment of the calcaneus are mostly related to BMD
[28, 29]. In fact, daily physical activity has a beneficial
effect on bone mass in weight-bearing bone such as the
lumbar spine and calcaneus [30]. The validity of quan-
titative ultrasound measurement of calcaneus was dem-
onstrated in advanced stage RA patients with disease
duration of more than 10 years, as evidenced d by a
significant reduction of ultrasound measures in RA
patients and a significant association of radiological
modified Larsen score with ultrasound measures [31].
We have shown that the calcaneus OSI was significantly
reduced probably due to reduced physical activity in RA
patients, as reflected by a negative correlation between
two parameters (Fig. 1). However, although bone mass
in lumbar spine is also heavily influenced by physical
activity [32], a significant reduction was not observed
(Table 2). Aerobics and weight training increase both
the calcaneus OSI and the lumbar spine BMD signifi-
cantly, but to a lesser extent at the latter site [30, 32].
Since the calcaneus is thus more susceptible than the
lumbar spine to physical activity and since the RA
patients analyzed in the present study were restricted to
those with disease duration of less than 1 year, it is
possible that calcaneus OSI, but not lumbar spine BMD,
decreased significantly.

To precisely know the effect of RA on bone mass in
early RA patients, patients who are now, or have a
history of, taking drugs that might affect bone metabo-
lism, such as steroid and methotrexate, were excluded,
although the latter drug might not have any adverse
effect on bone metabolism [33, 34].

In summary, it was demonstrated that RA patients in
the early stage of the disease showed significant reduc-
tions in the trabecular BMD of the ultradistal radius and
OSI of the calcaneus. BMD at the former site exhibited

Fig. 1 Negative correlation between calcaneus OSI and M-HAQ
score in 30 female RA patients. A negative correlation, although
not significant due probably to small number of patients, was
found between calcaneus OSI and M-HAQ score (r=)0.313,
p=0.087)
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significant and positive correlations with biochemical
indicators for RA disease activity, and the calcaneus OSI
negative correlation with daily physical activity score.
The findings therefore suggest that joint inflammation is
a significant determinant of paraarticular osteoporosis,
and impairment of daily activity of calcaneus osteopo-
rosis in early stage RA patients.
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