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ABSTRACT. Objective. Data suggest that reduced bone mass may be associated with radiological damage in

rheumatoid arthritis (RA). We investigated if patients with reduced bone mineral density (BMD) at
onset of RA had more radiological damage at onset and after 2 years than patients with normal BMD.
Methods. BMD at lumbar spine and hip was measured in 204 patients with recent RA at presenta-
tion. At baseline and after 2 years, radiographs of hands and forefeet were evaluated according to the
Larsen method. At the same time-points, Disease Activity Score (DAS 28) and functional disability
(the Stanford Health Assessment Questionnaire, HAQ) were assessed.

Results. The 134 women and 70 men had a mean age of 55 and 61 years, respectively. Reduced bone
mass (RBM, Z score < 1.0 SD) in at least one site was found in 46.0% of women and 62.5% of men.
T and Z scores correlated significantly with Larsen scores both at baseline and after 2 years for the
total patient cohort. Calculated separately for the sexes, significant correlations were found only for
women. Women but not men with reduced bone mass and osteoporosis had higher Larsen scores at
baseline and after 2 years than those without. From a stepwise multiple logistic regression analysis
Z score trochanter and baseline C-reactive protein were selected as independent predictors of joint
damage, measured as proportion over the median Larsen scores. This model could explain about
25% of the “variance” in outcome (Nagelkerke R? = 0.27).

Conclusion. Reduced BMD at onset of RA in women was associated with a higher Larsen score at
baseline and after 2 years, indicating that the development of reduced bone mass and joint destruc-
tion in RA may have a common pathophysiological mechanism. (J Rheumatol 2003;30:2590-6)
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Generalized osteoporosis in rheumatoid arthritis (RA) has
been considered to be a complication of the disease'-? with
multifactorial causes. The most important determinants of
this generalized bone loss are disease activity, functional
disability, disease duration, and use of glucocorticoids'=3-.
The bone formation is reduced®'?, but the dominant reason
leading to generalized bone loss in RA is stimulated osteo-
clastic bone resorption>!!, The pathophysiology of general-
ized bone loss has been suggested to be different from that
of focal bone erosions, where synovial invasion into adja-
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cent cartilage and bone with activation of matrix degrada-
tion enzymes from fibroblasts and macrophages has been
regarded to be the main cause'?.

However, the hypothesis has been put forward that there
may be a common pathophysiological mechanism for the
development of osteoporosis and bone erosions'®. This
hypothesis has been strengthened by the association
between high prevalence of osteoporosis and presence of
erosions found in a cross-sectional study of women with
established RAS8,

In patients with very early RA, less than one year, bone
mineral density (BMD) has been found not to be different
from that of healthy people. In spite of that, a considerable
number of the patients already had reduced bone mass at
that time'¥. This might suggest that the disease had
already affected bone in some patients, which raises the
question whether reduced BMD is related to a more
severe disease.

To test the hypothesis that reduced BMD at onset of
disease may be associated with radiological damage we
prospectively followed a cohort of patients with early RA
for 2 years investigating primarily radiological joint
damage.
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MATERIALS AND METHODS

Two hundred four Caucasian patients with recent onset RA, satisfying the
1987 American College of Rheumatology (ACR) classification criteria'®, were
enrolled into this prospective study. The patients were included in the
“BARFOT” register, a Swedish multicenter observational study of early RA'®,
and were recruited from those 227 consecutive patients who earlier partici-
pated in a study of assessment of BMD at disease onset'* and whose radi-
ographs of hands and feet at enrolment could be identified. The patients were
between 21 and 85 years of age and were referred to the rheumatology depart-
ments at Huddinge and Helsingborg hospitals in Sweden from 1995 to 1999.
To be included, disease duration was to be no more than 12 months and the
patient should not have been treated with glucocorticoids or disease modifying
antirheumatic drugs (DMARD). Neither should they have any other disease or
medication that might affect bone metabolism. All patients gave their
informed consent and the respective ethics committees approved the study.

BMD was measured before start of DMARD therapy by dual-energy x-
ray absorptiometry (DEXA) with a Lunar densitometer at the lumbar spine
(L1 and L2-L4) and at the left hip (femoral neck, greater trochanter, and
Ward’s triangle). BMD was expressed as gram of bone mineral per square
centimeter (g/cm?), as the number of standard deviations (SD) from the
mean of young healthy people, T score, and as the number of standard devi-
ations (SD) from the mean of healthy age and sex matched people, Z score,
values obtained from Lunar’s combined European/US reference popula-
tion'”. Osteoporosis was defined as T score > 2.5 SD below the mean value
of young healthy controls according to the World Health Organization defi-
nition'®!?, and reduced bone mass as a Z score = 1.0 SD below the mean
value of healthy age and sex matched people’.

Posteroanterior radiographs were taken of hands, wrists, and forefeet at
enrolment and after 2 years. Radiographic damage was classified by
comparison with standard reference radiographs according to the method of
Larsen, et al’®. The joints assessed were the wrists (score multiplied by 5),
all metacarpophalangeals (MCP) (= 10), all proximal interphalangeals
(PIP) (= 8), both IP I in the hands (= 2), metatarsophalangeals II-V (= 8),
and both IP in the great toe (= 2). Each joint was scored grade O to V. The
Larsen score is the total sum of the grading in all 32 joints, range 0-200. As
a control we also calculated Larsen score by summing only grades II-V, as
grade I, picturing soft tissue swelling and osteoporosis, does not indicate
structural damage. We called this measure “Larsen —1”. The radiographs
were read in chronological order by one blinded observer (KF). The
intraobserver reliability was assessed by calculating the intraclass correla-
tion coefficient (ICC) from a random sample of 20 pairs of radiographs
from baseline and endpoint. The films were read twice with an interval of
2 weeks. The ICC for the baseline films was 0.9783 (95% CI 0.9452 to
0.9914) and 0.9963 (95% CI 0.9907 to 0.9985) for the radiographs taken
after 2 years.

Disease activity was measured by the Disease Activity Score (DAS)
composite index, using a 28-joint score (DAS 28)?!. This includes number
of swollen joints, number of tender joints, patient’s global assessment of
disease activity, and erythrocyte sedimentation rate (ESR). C-reactive
protein (CRP) and rheumatoid factor (RF) were also determined.

Functional disability was evaluated using the Swedish version of the
Stanford Health Assessment Questionnaire (HAQ)??, a self-reporting
instrument measuring disability of daily life activities. The score created
for the disability index ranges from O to 3, where a higher score indicates a
higher degree of disability?*.

Statistical methods. For the ICC a 2-way mixed effects model was used.
The Mann-Whitney test was used for between-group comparisons, the
Wilcoxon signed-rank test for test of changes over time, and the chi-square
test for differences between proportions. Correlations were assessed by the
Spearman correlation coefficient.

Larsen scores at 2 years and the various measures of BMD were not
linearly associated. Therefore, linear regression was not an applicable
method for prediction. Instead, a multivariate stepwise logistic regression
model was used to select independent predictors of joint damage, measured
as proportion over the median Larsen scores.

All significance tests were 2-tailed and conducted at the 0.05 signifi-
cance level. Analyses were performed using SPSS 11.0 software.

RESULTS

Patients’ demographic and clinical characteristics. The
baseline characteristics of the 204 patients (134 women, 70
men) are shown in Table 1. The mean age at diagnosis was
57 years and the mean disease duration was 6 months. Men
were significantly older and had higher body mass index
(BMI) compared with women, but otherwise there was no
statistically significant difference in demographic and clin-
ical characteristics between the sexes. Of the 134 women,
79 were postmenopausal, of whom 11 were using hormone
replacement therapy (HRT).

Treatment with DMARD and glucocorticoids. After inclu-
sion all but 16 patients started with DMARD therapy. The
doses and agents were adjusted according to the physicians’
decision based upon disease activity and side effects. A
summary of treatments is given in Table 2. Glucocorticoid
treatment was initiated in 25% of the patients at disease
start, and 28% of patients were using this medication at 2
years with no difference between women and men. The
doses [mean (SD)] were at baseline 7.7 (1.32), range 5-15,
and after 2 years, 6.9 (1.67), range 1.25-10. The doses did
not differ between sexes. Further, 6 patients were treated
with bisphosphonates and 120 with calcium supplementa-
tion with or without vitamin D.

BMD at baseline. BMD and Z scores are given in Table
3. For the female patients the mean Z scores were similar
to those of age matched women at all sites except L1,
whereas the mean Z scores for the male patients were low
at most sites, and were most pronounced at L1 and
L2-L4.

Radiological scores at baseline and after 2 years. Larsen
scores at baseline and after 2 years are shown in Table 4.
Thus, the damage scores increased significantly during the 2
years with no difference between women and men, and a
similar increase was found when calculating frequency of
patients with Larsen score > 1 in any joint (Table 4). At
baseline there was a significantly higher frequency of
women with no radiographic changes (Larsen score = 0)
compared with men, a difference that was not significant
after 2 years.

Correlations between Z and T scores and Larsen scores. Z.
scores at all measured sites correlated significantly with
Larsen scores both at baseline and after 2 years for the total
patient cohort (Table 5), correlations that were also signifi-
cant when using “Larsen —1” scores (data not shown). When
calculated separately for both sexes, significant correlations
were found only for women.

This difference between sexes was also seen when calcu-
lating correlations between T scores and Larsen scores at
baseline and after 2 years, where significant correlations
were found for T scores at all sites and Larsen scores for
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Table 1. Demographic and clinical characteristics of the 204 patients with RA.

Total, Women, Men, Difference,
n =204 n=134 n=70 ‘Women/Men
p

Age, yrs, mean (SD) 57 (15) 55 (16) 61 (13) 0.009
BMI, mean (SD) 24.5 (4.1) 24.1 (4.0) 252 (4.1) 0.036
Disease duration, mo, mean (SD) 5.8 (3.3) 5.6 (3.3) 6.1 (3.3) NS
Number of RA criteria, mean (SD) 4.8 (0.8) 4.8 (0.8) 4.8 (0.8) NS
RF positive, n (%) 117 (57) 76 (57) 41 (59) NS
DAS 28, mean (SD) 5.38 (1.18) 545 (1.18)  5.25(1.17) 0.195
CRP, mean (SD) 39 (39) 37 (41) 42 (37) 0.096
HAQ score, mean (SD) 1.11 (0.67) 1.18 (0.68)  0.99 (0.64) 0.056
Smoking status, % 0.095

Never smokers 32.5 34.6 28.6

Ex-smokers 39.9 34.6 50.0

Current smokers 27.6 30.8 21.4

NS: non significant.

Table 2. Number of patients with DMARD and glucocorticoid treatment
started at baseline and undergoing treatment after one and 2 years.

Baseline 1 Year 2 Years
No DMARD 16 29 29
Sulfasalazine 96 57 35
Methotrexate 56 65 66
Antimalarials 15 14 7
Parenteral gold 15 14 10
Auranofin 4 4 1
Combinations 2 8 28
Other DMARD 0 2 4
Glucocorticoids 50 63 57

Table 3. BMD and Z scores in L1, L2-L4, femoral neck, Ward’s triangle,
and trochanter for all 204 patients at baseline.

Women Men
BMD 7 score BMD 7 score
L1 0.95 (0.19) -0.53 (1.12) 1.00 (0.14) -0.77 (1.15)

L2-14
Femoral neck
Ward’s triangle
Trochanter

1.09 (0.20) 0.01(1.38) 1.12 (0.14) —0.49 (1.07)
0.88 (0.16) 0.04 (0.93) 0.92 (0.12) —0.23 (1.00)
0.74 (0.20) —0.11 (1.01)  0.75 (0.13) —0.18 (1.06)
0.75 (0.15) 0.1 (1.07)  0.89 (0.13) —0.01 (1.16)

Values are mean (SD).

women. After 2 years, significant weak correlations were
found at L1 and L2-L4 for men also (data not shown).

Correlations between Z and T scores and clinical variables.
Z scores and T scores did not correlate significantly with the
disease variables DAS 28 or CRP or with the HAQ score at
baseline or 2 years for women or for men (data not shown).

Correlations between clinical variables and Larsen scores.
CRP correlated significantly with Larsen scores at baseline
and after 2 years when calculated for all patients and for
women separately but not for men, whereas DAS 28 and
HAQ score did not correlate significantly with Larsen

scores at any time-point, apart from a significant correlation
between DAS 28 and Larsen score at 2 years for men only
(p = 0.045) (Table 5).

Differences in demographic and clinical variables and
Larsen scores between patients with and without reduced
bone mass and with and without osteoporosis. The relation
of presence of reduced bone mass and presence of osteo-
porosis in women and men to disease dependent and disease
independent variables at baseline and after 2 years is shown
in Table 6. Thus, women but not men with reduced bone
mass had higher Larsen scores at baseline and after 2 years
than those with normal bone mass, and this difference was
statistically significant for baseline Larsen score. Also,
women with osteoporosis at baseline, but not men, had
significantly higher Larsen scores both at baseline and after
2 years compared to those without osteoporosis. As could be
expected, both women and men with osteoporosis were
significantly older than those without, and the women with
osteoporosis also had a lower BMI. Concerning clinical
variables, baseline DAS 28 was significantly higher in
women with osteoporosis compared with women without.
Otherwise, clinical variables were not found to be associated
with osteoporosis or reduced bone mass.

Predictive value of BMD for radiological damage at 2
years. The Z scores from all measured sites were highly
intercorrelated. As stated, significant correlations were
found between the Z scores and Larsen scores for women
only. Thus, the prediction analysis was limited to women. Z
scores from the trochanter site were selected for the regres-
sion analysis since this site had one of the highest correla-
tions with the Larsen scores at 2 years.

Z scores for trochanter, patient age, disease duration,
presence of RF, baseline CRP, DAS 28, HAQ score, and
glucocorticoid treatment between baseline and 2 years were
entered into the regression model as possible predictors for
joint damage (Larsen scores above median 11 at 2 years).
From the stepwise logistic regression analysis, Z score
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Table 4. Larsen scores at baseline and after 2 years and frequency of patients with Larsen score = 0.

All Patients
Baseline 2 Years

Women Men

Baseline 2 Years Baseline 2 Years

Larsen scores (0-200)

Mean (SD) 9.5 (11.0) 17.4 (16.1)** 9.6 (11.1) 16.5 (16.6)** 9.4 (11.0) 19.3 (15.1)**

Median 7.0 13.0 7 11 7 15

25-75 percentile 0-14 5-26 0-16 4-25 2-12 9-29

Range 0-68 0-82 040 0-82 0-68 0-66
Larsen score > 1 in at least one joint,

percentage of patients 36.3 62.7 37.3 60.0 343 62.7
Larsen score = 0,

percentage of patients 26.5 10.7 32.1% 13.0 15.7 6.5

*p =0.012 compared with frequency at baseline for men. ** p < 0.001 compared with baseline scores.

Table 5. Correlations between Z scores at different sites or clinical variables at baseline and Larsen scores at
baseline and after 2 years.

All Patients ‘Women Men

Larsen Larsen Larsen Larsen Larsen Larsen

Baseline 2 Years Baseline 2 Years Baseline 2 Years

L1 r* -0.267 -0.243 -0.332 -0.201 -0.034 -0.267
P 0.000 0.002 0.000 0.034 0.808 0.064

L2-14 r -0.284 -0.287 -0.360  -0.259 0.045 -0.241
p 0.000 0.000 0.000 0.007 0.747 0.103

Ward’s triangle r -0.232 -0.253 -0.344  -0.287 0.022 -0.165
P 0.001 0.001 0.000 0.002 0.857 0.199

Trochanter r -0.275 -0.276 -0.391 -0.340 -0.017 -0.129
P 0.000 0.000 0.000 0.000 0.892 0.318

Femoral neck r -0.211 -0.200 -0.316  -0.223 0.044 -0.134
p 0.003 0.008 0.000 0.017 0.717 0.298

DAS 28 r 0.090 -0.016 0.147 0.125 -0.062 -0.255
P 0.200 0.832 0.091 0.185 0.611 0.045

CRP r 0.168 0.232 0.208 0.289 0.015 0.075
P 0.017 0.002 0.016 0.002 0.904 0.565

HAQ r 0.062 0.007 0.097 0.067 -0.053 -0.103
p 0.388 0.933 0.270 0.485 0.671 0.439

* Spearman’s rho.

trochanter and baseline CRP were selected as independent
predictors (Table 7). This model was able to explain about
25% of the “variance” in outcome (Nagelkerke R? = 0.27).

DISCUSSION
This is the first prospective study evaluating the possible
importance of reduced BMD for disease severity in RA. We
found that BMD expressed as T and Z scores was signifi-
cantly correlated with Larsen scores both at baseline and
after 2 years of disease, but when analyzing the sexes sepa-
rately, significant correlations were found only for women.
Larsen scores were also significantly higher in the groups of
women having osteoporosis or reduced bone mass, i.e., a Z
score = 1.0 SD at any of the measured sites.

Previous prospective studies to identify possible factors
associated with poor radiological outcome in RA have not

included BMD?**?’. In our study, BMD measurements
showed a high proportion of patients with reduced bone
mass just a few months after disease onset, which indicates
that there is already a subgroup of patients with reduced
bone mass early in the disease.

Radiological damage occurs early in the disease course
and the proportion of patients with joint destruction after 2
years in this study was consistent with earlier reports?-2%2°,
Thus, the majority of patients developed radiological
damage within the first 2 years, with no significant differ-
ence between the sexes.

The observed correlations between bone mineral
measures at disease onset and radiological score at baseline
and after 2 years support the suggestion that these events
may be related'®. The identification of mature bone-
resorbing osteoclasts rich in lysosomal enzymes and their
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Table 6. Differences in demographic and clinical variables and Larsen scores between patients with and without reduced bone mass (RBM) and with and
without osteoporosis (OP). Values are medians (25-75 percentile). p values are differences between patients with and without RBM, and with and without

OP for each sex.

Women Men
No RBM RBM No OP OP No RBM RBM No OP OP
Patients, % 54.0 46.0 66.2 33.8 37.8 62.5 68.5 31.5
Age, yrs 52 (41-67) 56 (44-68) 48 (38-55) 69 (64-74) 60 (55-67) 58 (48-69) 56 (48-66) 66 (56-71)
p <0.001 p <0.05
BMI 24 (22-27) 23 (21-25) 24 (22-26) 22 (21-24) 25(23-29) 24 (21-27) 24 (22-27) 25 (21-27)
p<0.01
DAS 28, baseline 5.54 5.48 5.35 6.09 5.06 5.23 5.05 5.42
(4.63-6.36)  (4.58-6.34) (4.44-6.05)  (5.30-6.64) (4.33-6.37)  (4.49-5.96)  (4.23-6.09) (5.10-6.40)
p<0.01
DAS 28, 2 yrs 3.17 3.00 3.17 3.01 2.05 2.37 2.16 2.77
(2.44-3.62)  (2.09-4.50) (2.26-3.64) (2.44-4.70) (1.83-3.29)  (1.80-3.28)  (1.74-3.28) (2.03-3.84)
CRP, baseline 22 (10-38) 20 (12-49) 20 (10-37) 21 (10-53) 28 (11-57) 28 (12-67) 26 (10-57) 53 (17-86)
CRP, 2 yrs 10 (9-12) 10 (8-14) 10 (9-14) 10 (9-13) 10 (10-22) 10 (9-16) 10 (9-16) 10 (9-18)
HAQ, baseline 1.00 1.10 1.00 1.30 0.90 0.90 0.90 0.90
(0.80-1.60)  (0.50-1.80) (0.70-1.59)  (0.60-2.00) (0.60-1.10)  (0.57-1.10)  (0.60-1.15)  (0.50-1.15)
HAQ, 2 yrs 0.50 0.50 0.38 0.75 0.13 0.40 0.13 0.25
(0.00-0.95)  (0.13-1.00) (0.00-0.90)  (0.22-1.19) (0.00-0.69)  (0.00-0.88)  (0.00-0.69) (0.12-0.84)
Larsen score, baseline 2 (0-11) 10 (2-19) 2 (0-9) 13 (7-21) 8 (3-19) 6 (3-10) 8 (3-13) 6 (3-11)
p < 0.001 p <0.05
Larsen score, 2 yrs 8 (3-19) 16 (5-26) 9 (3-22) 16 (5-31) 14 (7-32) 17 (10-29) 12 (7-29) 17 (12-30)
p=0.078 p <0.05

Table 7. The stepwise logistic regression analysis shows that Z score trochanter and baseline CRP are selected
as independent predictors of joint damage in women, defined as median Larsen score > 11 after 2 years.

Jo B SE p Exp (B)  95% CI for Exp (B)
Lower  Upper
Step 1
Z score trochanter -0.683 0.205 0.001 0.505 0.338 0.755
Constant 0.142 0.203 0.484
Step 2
Z score trochanter -0.683 0.212 0.001 0.505 0.333 0.766
Baseline CRP 0.022 0.008 0.005 1.022 1.007 1.038
Constant -0.572 0.306 0.061

SE: standard error.

precursors not only in bone but also in the rheumatoid
synovium in areas of bone erosions*®*! may explain that
osteoporosis and erosions develop in parallel. The osteo-
clasts recruited to the pannus region and the osteoclasts
localized in osteoporotic bone synthesize and secrete high
concentrations of the inflammatory cytokine interleukin 832,
which acts as an important regulatory signal for bone,
immune cell recruitment, and amplification of the inflam-
matory disease®. Thus, osteoclasts present in both synovial
tissue and bone may be the link between development of
erosions and generalized reduced bone mass as osteoclast
activation, rather than reduced bone formation, causes bone
loss in early RAS.

Various factors may influence the link between bone
degradation and erosions. Inflammation stimulates bone

degradation through inflammatory cytokines***, but no
single clinical inflammatory variable has been found to
predict radiological damage early in the disease®. In this
study, disease activity measures such as DAS 28 and HAQ
score were not associated with Larsen scores at baseline or
after 2 years. However, significant associations have been
found when relating time-integrated values of inflammatory
markers to radiological outcome®’-*, findings that under-
mine the hypothesis that synovial inflammation and
erosions are independent phenomena*’. The presence of
reduced bone mass and erosions in a subgroup of patients
only a few months after disease onset suggests that low
grade inflammation may have existed before clinical symp-
toms developed.

Another factor that might be of importance to the link
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between low BMD and erosions is age. Osteoporosis
increases with age and RA is more destructive in older
patients*'*2, However, we found an association between
osteoporosis and radiological damage only in women, thus
other factors must also be considered. This is further
strengthened by the fact that in women with reduced bone
mass there was also an association with Larsen scores. Low
Z scores indicate causes of reduced bone mass other than
age and sex, as Z scores are the number of SD from the
mean of healthy age and sex matched people. Such causes
could include reduced sex hormones, which may have path-
ogenic roles in RA®, However, the physiological estrogen
reduction after menopause, which is the main cause of
osteoporosis in older women*, was taken into account in the
Z scores.

The interesting observation that the association between
reduced BMD and joint damage was found only in women
indicates that the different sex hormones are involved in
bone and joint destruction in different ways. In women with
RA, estrogen concentrations have not been found to be
significantly different from those of healthy women*, but
the suppressive effect of hormone replacement therapy on
disease activity*® suggests a relative estrogen deficiency in
RA. Estrogen deficiency has bone resorptive effects, mainly
through upregulation of osteoclast formation by increased
production of osteoclastic cytokines such as interleukin 1
and tumor necrosis factor-a and increased responsiveness of
osteoclast precursors*’. The resulting increase in osteoclast
number and activity might explain the relation between
reduced bone mass and erosions in women with RA
observed here.

In men with RA bioavailable testosterone concentrations
are low*, as well as BMD, but no relation between these
variables has been found*. Relatively few data are available
concerning the effect of androgens on bone cells, but in
aging men the importance of increased osteoclastic activity
has been found to be less prominent for the age-related bone
loss. This lack of major influence of androgens on osteo-
clasts may explain why we found no significant correlation
between bone mineral and Larsen score in this cohort of
men with early RA, in contrast to the association between
bone mineral and presence of erosive disease found in a
study of men with long-standing disease®.

Most patients were prescribed DMARD within the first
month after presentation to the clinic, according to the ACR
guidelines®'. Early active treatment of RA reduces the
progression of radiographic damage and bone turnover’>>3,
which suggests that both focal and generalized bone loss can
be affected by treatment.

Our finding of a relationship between reduced bone
density and joint damage in women with early RA may
support recent assumptions of a common pathophysiolog-
ical mechanism'3. Increasing awareness of generalized and
focal bone loss in RA suggests possible specific therapies.

Estrogen therapy and specific osteoclast-targeting agents,
which have prevented osteoclast mediated bone destruction
of joints in animal models®*, may be promising therapeutic
tools in the future.

ACKNOWLEDGMENT

Members of the BARFOT Study Group: Monica Ahlmén, MD, PhD; Johan
Bratt, MD; Kiristina Forslind, MD; Ingidld Hafstrom, MD; Catharina
Keller, MD; Ido Leden, MD; Bengt Lindell, MD; Ingemar Petersson, MD;
Christopher Schaufelberger, MD; Bjorn Svensson, MD; Annika Teleman,
MD; and Jan Theander, MD.

We acknowledge research nurse Siv Norén for skilful data monitoring.

REFERENCES

1. Deodhar AA, Woolf AD. Bone mass measurement and bone
metabolism in rheumatoid arthritis: a review. Br J Rheumatol
1996;35:309-23.

2. Westhovens R, Dequeker J. Rheumatoid arthritis and osteoporosis.
Z Rheumatol 2000;59:133-8.

3. Martin JC, Munro R, Campbell MK, Reid DM. Effects of disease
and corticosteroids on appendicular bone mass in postmenopausal
women with rheumatoid arthritis: comparison with axial
measurements. Br J Rheumatol 1997;36:43-9.

4. Hansen M, Florescu A, Stoltenberg M, et al. Bone loss in
rheumatoid arthritis. Scand J Rheumatol 1996;25:367-76.

5. Gough A, Sambrook P, Devlin J, et al. Osteoclastic activation is the
principal mechanism leading to secondary osteoporosis in
rheumatoid arthritis. J] Rheumatol 1998;25:1282-9.

6. Hall GM, Spector TD, Griffin AJ, Jawad ASM, Hall ML, Doyle
DV. The effect of rheumatoid arthritis and steroid therapy on bone
mineral density in postmenopausal women. Arthritis Rheum
1993;36:1510-6.

7. Haugeberg G, Uhlig T, Falch JA, Halse JI, Kvien TK. Bone mineral
density and frequency of osteoporosis in female patients with
rheumatoid arthritis. Arthritis Rheum 2000;43:522-30.

8. Sinigaglia L, Nervetti A, Mela Q, et al. A multicenter cross-
sectional study on bone mineral density in rheumatoid arthritis.

J Rheumatol 2000;27:2582-9.

9. Compston JE, Vedi S, Mellish RWE, Croucher P, O’Sullivan MM.
Reduced bone formation in non-steroid treated patients with
rheumatoid arthritis. Ann Rheum Dis 1989;48:483-7.

10.  Compston JE, Vedi S, Croucher PI, Garrahan NJ, O’Sullivan MM.
Bone turnover in non-steroid treated rheumatoid arthritis. Ann
Rheum Dis 1994;53:163-6.

11. Gough AKS, Peel NFA, Eastell R, Holder RL, Lilley J, Emery P.
Excretion of pyridinium crosslinks correlates with disease activity
and appendicular bone loss in early rheumatoid arthritis. Ann
Rheum Dis 1994;53:14-7.

12. Cunnane G, FitzGerald O, Hummel KM, Gay RE, Gay S,
Bresnihan B. Collagenase, cathepsin B and cathepsin L gene
expression in the synovial membrane of patients with early
inflammatory arthritis. Rheumatology Oxford 1999;38:34-42.

13.  Sambrook PN. The skeleton in rheumatoid arthritis: Common
mechanisms for bone erosion and osteoporosis? J Rheumatol
2000;27:2541-2.

14. Keller C, Hafstrom I, Svensson B. Bone mineral density in women
and men with early rheumatoid arthritis. Scand J Rheumatol
2001;30:213-20.

15. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for classification of
rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.

16. Svensson B, Schaufelberger C, Teleman A, Theander J, for the
BARFOT study group. Remission and response to early treatment
of RA assessed by the Disease Activity Score. Rheumatology

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

l—

Forslind, et al: BMD and erosions

2595

Downloaded on November 25, 2020 from www.jrheum.org


http://www.jrheum.org/

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

—| Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

2596

Oxford 2000;39:1031-6.

Lunar Corporation. Operator’s manual, expert-XL, version 1.7.
Madison, WI: Lunar Corporation; 1998.

World Health Organization. Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis. WHO
Technical Report Series, 843. Geneva: WHO; 1994.

Kanis JA, Melton LJ III, Christiansen C, Johnston CC, Khaltaev N.
The diagnosis of osteoporosis. J] Bone Miner Res 1994;9:1137-41.
Larsen A, Dale K, Eek M. Radiographic evaluation of rheumatoid
arthritis and related conditions by standard reference films. Acta
Radiol Diagn 1977;18:481-91.

Prevoo MLL, van’t Hof MA, Kuper HH, van Leeuwven MA, van
de Putte LBA, van Riel PLCM. Modified disease activity scores
that include twenty-eight joint counts. Development and validation
in a prospective longitudinal study of patients with rheumatoid
arthritis. Arthritis Rheum 1995;39:44-8.

Ekdahl C, Eberhardt K, Andersson SI, Svensson B. Assessing
disability in patients with rheumatoid arthritis, use of a Swedish
version of the Stanford Health Assessment Questionnaire. Scand J
Rheumatol 1988;17:263-71.

Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient
outcome in arthritis. Arthritis Rheum 1980;23:137-45.

Mottonen TT. Prediction of erosiveness and rate of development of
new erosions in early rheumatoid arthritis. Ann Rheum Dis
1988;47:648-53.

van der Heijde DMFM, van Riel PLCM, van Leuween MA, van’t
Hof MA, van Rijswijk MH, van de Putte LBA. Prognostic factors
for radiographic damage and physical disability in early rheumatoid
arthritis. A prospective followup study of 147 patients. Br J
Rheumatol 1992;31:519-25.

van der Heide A, Remme CA, Hofman DM, Jacobs JWG, Bijlsma
JW]J. Prediction of progression of radiologic damage in newly
diagnosed rheumatoid arthritis. Arthritis Rheum 1995;38:1446-74.
Combe B, Dougados M, Goupille P, et al. Prognostic factors for
radiographic damage in early rheumatoid arthritis. A
multiparameter prospective study. Arthritis Rheum
2001;44:1736-43.

Scott DL, Grindulis KA, Struthers GR, Coulton BL, Popert AJ,
Bacon PA. Progression of radiological changes in rheumatoid
arthritis. Ann Rheum Dis 1984;43:8-17.

Plant MJ, Saklatavla J, Borg AA, Jones PW, Dawes PT.
Measurement and prediction of radiological progression in early
rheumatoid arthritis. J Rheumatol 1994;21:1808-13.

Bromley M, Woolley DE. Chondroclasts and osteoclasts at
subchondral sites of erosion in the rheumatoid joint. Arthritis
Rheum 1984;27:968-75.

Gravallese EM, Harada Y, Wang JT, Gorn AH, Thornhill TS,
Goldring SR. Identification of cell types responsible for bone
resorption in rheumatoid arthritis and juvenile rheumatoid arthritis.
Am J Pathol 1998;152:943-51.

Rothe L, Collin-Osdoby P, Chen Y, et al. Human osteoclasts and
osteoclast-like cells synthesize and release high basal and
inflammatory stimulated levels of the potent chemokine
interleukin-8. Endocrinology 1998;139:4353-63.

Nishiura H, Tanaka J, Takeya M, Tsukano M, Kambara T, Imamura
T. IL-8/NAP-1 is the major T-cell chemoattractant in synovial
tissues of rheumatoid arthritis. Clin Immunol Immunopathol
1996;80:179-84.

Arend WP, Dayer J-M. Inhibition of the production and effects of
interleukin-1 and tumor necrosis factor alpha in rheumatoid
arthritis. Review. Arthritis Rheum 1995;38:151-60.

Feldmann M, Brennan FM, Maini R. Role of cytokines in
rheumatoid arthritis. Annu Rev Immunol 1996;14:397-440.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

Coste J, Spira A, Clerc D, Paolaggi JB. Prediction of articular
destruction in rheumatoid arthritis: Disease activity markers
revisited. J Rheumatol 1997;24:28-34.

van Leeuwen MA, van der Heijde DMFM, van Rijswijk MH, et al.
Interrelationship of outcome measures and process variables in
early rheumatoid arthritis. A comparison of radiological damage,
physical disability, joint counts, and acute phase reactants.

J Rheumatol 1994;21:425-9.

Wolfe F, Sharp JT. Radiographic outcome of recent-onset
rheumatoid arthritis: A 19-year study of radiographic progression.
Arthritis Rheum 1998;41:1571-82.

Graudal N, Tarp U, Jurik AG, et al. Inflammatory patterns in
rheumatoid arthritis estimated by the number of swollen and tender
joints, the erythrocyte sedimentation rate, and hemoglobin:
Longterm course and association to radiographic progression.

J Rheumatol 2000;27:47-57.

Mulherin D, Fitzgerald O, Bresnihan B. Clinical improvement and
radiological deterioration in rheumatoid arthritis: evidence that the
pathogenesis of synovial inflammation and articular erosion may
differ. Br J Rheumatol 1996;35:1263-8.

van der Heijde DM, van Riel PL, van Leeuwen MA, van’t Hof MA,
van Rijswijk MH, van de Putte LB. Older versus younger onset
rheumatoid arthritis: results at onset and after 2 years of a
prospective followup study of early rheumatoid arthritis.

J Rheumatol 1991;18:1285-9.

Kuiper S, van Gestel AM, Swinkels HL, de Boo TM, da Silva JA,
van Riel PL. Influence of sex, age, and menopausal state on the
course of early rheumatoid arthritis. ] Rheumatol 2001;28:1809-16.
Masi AT. Sex hormones and rheumatoid arthritis: cause or effect
relationships in a complex pathophysiology? Clin Exp Rheumatol
1995;13:227-40.

Albright F, Smith PH, Richardsson AM. Postmenopausal
osteoporosis. JAMA 1948;116:2465-74.

Bijlsma JW, van den Brink HR. Estrogens and rheumatoid arthritis.
Review. Am J Reprod Immunol 1992;28:231-4.

Forsblad H, Larsen A, Mattsson L, et al. Beneficial effects of
hormone replacement therapy in rheumatoid arthritis [abstract].
Ann Rheum Dis 2002;61 Suppl 1:45.

Cenci S, Weitzmann MN, Roggia C, et al. Estrogen deficiency
induces bone loss by enhancing T-cell production of TNF-a. J Clin
Invest 2000;106:1229-37.

Tengstrand B, Carlstrom C, Hafstrom I. Bioavailable testosterone in
men with rheumatoid arthritis — high frequency of hypogonadism.
Rheumatology Oxford 2002;41:285-9.

Tengstrand B, Hafstrom I. Bone mineral density in men with
rheumatoid arthritis is associated with erosive disease and
sulphasalazine treatment but not with sex hormones. J Rheumatol
2002;29:2299-305.

Compston JE. Sex steroids and bone. Physiol Rev 2001;81:419-47.
American College of Rheumatology Subcommittee on Rheumatoid
Arthritis Guidelines. Guidelines for the management of rheumatoid
arthritis. Arthritis Rheum 2002;46:328-46.

Stenger AAME, van Leeuwen MA, Houtman PM, et al. Early
effective suppression of inflammation in rheumatoid arthritis
reduces radiographic progression. Br J Rheumatol
1998;37:1157-63.

Verhoeven AC, Boers M, te Koppele JM, et al. Bone turnover, joint
damage and bone mineral density in early rheumatoid arthritis
treated with combination therapy including high-dose prednisolone.
Rheumatology Oxford 2001;40:1231-7.

Redlich K, Hayer S, Maier A, et al. Tumor necrosis factor
a-mediated joint destruction is inhibited by targeting osteoclasts
with osteoprotegerin. Arthritis Rheum 2002;46:785-92.

l—

The Journal of Rheumatology 2003, 30:12

Downloaded on November 25, 2020 from www.jrheum.org


http://www.jrheum.org/

