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Abstract
Objective

To ascertain the occurrence of osteoporosis and the development of central bone mineral density (BMD) in long-term
rheumatoid arthritis (RA)

Methods
BMD of the lumbar spine (L2-L4) and the femoral neck were measured by dual-energy X-ray absorptiometry in a
cohort of 59 patients (49 women and 10 men) with rheumatoid factor-positive RA followed up for 20 years. BMD 

measurements were obtained at the 15- and 20-year follow-up visits.

Results
At the 15-year check-up the mean age was 61 (SD 13) for men and 54 (SD11) years for women. Bone densitometry of
these patients revealed decreased BMD at both lumbar spine and femoral neck, the mean T-scores being -1.1 [95%CI:
-1.6 to -0.6] and -1.3 [95%CI: -1.6 to -1], respectively). Eighteen (31%) patients thus had osteoporosis (BMD T -score
≤ –2.5) and 32 (54%) patients were osteopenic (BMD T-score -1.0 to -2.5). However, when compared with reference

values, the decreases in central bone mineral in this patient group were of low degree; the mean Z-score -0.2 [95%CI:
-0.7 to 0.2] at the lumbar spine and -0.5 [95%CI: -0.8 to -0.3] at the femoral neck, respectively. After the subsequent

five years the mean Z-score increased 0.45 [95%CI: 0.32 to 0.58] at the lumbar spine and the mean T-score decreased
-0.20 [95%CI: -0.32 to -0.08] at the femoral neck. ESR, Larsen score, gender and cumulative dose of prednisolone
during the 5 year follow-up and HAQ-index were used as explanatory parameters of BMD change between the 15- 

and 20-year follow-ups. None of these parameters explained the BMD change.

Conclusion
We conclude that in long-term RA central bone densities seemed to be only moderately decreased after 15 years from

eruption of RA. No essential change in central BMD was found after the consecutive 5 years.
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Introduction
Rheumatoid arthritis (RA) is a chronic
disorder of unknown cause with a vari-
ety of systemic manifestations. Erosive
synovitis involving peripheral joints is
characteristic of RA (1). The course of
RA can vary from mild to severe pro-
gressive polyarticular illness. Early
peripheral joint destruction may indi-
cate a more severe disease and would
appear to be associated with large joint
involvement and increased functional
disability (2, 3). Disease activity seems
to be associated more with functional
capacity in early RA, while joint dam-
age is associated with functional capac-
ity in later stages (2, 4, 5). Long-term
outcome studies of RA reveal that as
many as 80% of hospital inpatients are
likely to be moderately or severely in-
capacitated after 20 years, and that
average outpatients with RA have a
30% likelyhood of being severely dis-
abled (6). The functional impairment of
patients and the duration of the illness
have a negative effect on bone mineral
density (BMD) at both the axial and
peripheral bone (7-9). In addition, the
loss of periarticular bone is one of the
classification criteria for RA and it oc-
curs early during the course of the dis-
ease (1, 8). 
However, treatment of RA and control
of disease activity will probably pre-
vent systemic bone loss (10, 11). In a
population-based study, an increased
number of untreated patients with early
RA evinced reduced bone mass in the
spine at disease onset, although BMD
in spine and hip did not differ from that
of the normal reference population
(12). In a 2-year follow-up of early
community-based patients with RA a
lower level of central bone loss was
observed than expected (13). When the
BMD of axial and peripheral bone in
female RA patients was compared to
age-matched female patients with oste-
oarthritis and postmenopausal osteo-
porosis, there was a relatively pre-
served bone mass in the axial bone and
marked bone loss in the peripheral
bone in the case of the RA patients
(14). In a longer study the rate of bone
loss at the hip joints in RA patients dur-
ing the first decade of the disease was
slower than expected when compared

with reference values (15).
Most studies on oral corticosteroid use
and loss of BMD in RA have reported
inconsistent results (10, 12-22). In the
first randomized, placebo-controlled
study of the initial effects of low-dose
prednisolone on BMD in patients with
active RA, lumbar BMD decreased in
the prednisolone-treated patients, and
this group had a greater mean bone loss
than the placebo group between base-
line and week 20. After discontinuation
of treatment, bone loss appeared to be
partially reversible (21). In another pla-
cebo-controlled study of effects of low-
dose prednisolone on BMD in patients
with early active RA there were no sig-
nificant changes from baseline in BMD
of the hips and the lumbar spine in
either group during the three years of
follow-up (22). In multicentre cross-
sectional and population based studies
there was a high prevalence of verte-
bral deformities and clinical manifesta-
tions of vertebral fractures in RA pa-
tients on corticosteroids as compared to
in those without (23, 24). In a recent
meta-analysis of corticosteroid-induc-
ed osteoporosis, strong correlations
were found between the cumulative
dose of corticosteroid and the loss of
BMD (25).
Recent studies of osteoporosis in RA
suggest a more favorable outcome of
bone mineral status than expected.
However, there are only a few follow-
up studies in long-term RA in this area
(17-20). To ascertain the occurrence of
OP and to determine changes in central
bone mineral in late RA, we measured
BMD levels at the lumbar spine and the
left femoral neck in a series of seropos-
itive RA patients followed up for 20
years.

Materials and methods
A cohort of 108 patients with recent on-
set (< 6 months) and RF-positive RA
have been followed up since 1973-75
at the Rheumatism Foundation Hospi-
tal in Heinola, Finland (26). The fol-
low-up examinations took place at 1, 3,
8 and 15 years from entry. A total of 74
patients with RF-positive and erosive
RA attended the 15-year follow-up in
1989, when for the first time BMD
measurements were available. Viewed
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in retrospect they all met the 1987
American College of Rheumatology
(ACR) classification criteria for RA.
The study group consisted of those 59
patients (10 men and 49 women), who
attended at the 15- and 20-year BMD
measurements. Central BMDs were
measured by dual-energy X-ray absorp-
tiometry, (DXA); LUNAR DPX, Lunar
Radiation Corporation, Madison, WI,
and the measurement sites were the 3
lumbar vertebrae L2-L4 in the spine
and the left femoral neck (27). The
diagnosis of OP was based on a BMD
T-score ≤ –2.5, the diagnosis of osteo-
penia on a BMD T-score -1.0 to -2.5
(28). The precision of the BMD mea-
surements had previously been deter-
mined on adults and had proved ac-
ceptable: 1.0% for the spine and 1.8%
for the femoral neck. Two out of 49
women did not have BMD measured at
the left femoral neck due to hip joint
endoprothesis. Four out of 49 women
and 2 out of 10 men did not have BMD
measured reliably at the lumbar spine
due to severe osteoarthrotic changes in
the spine. Radiographs of the lumbar
spine were not taken, because radi-
ographs of both small and large joints
were taken at the 15-year follow-up.
The use of disease-modifying antirheu-
matic drugs (DMARD) were register-
ed. The cumulative dose of predniso-
lone from entry to 15 years of follow-
up and between the 15- and 20-years
follow-up visits was evaluated from
patient registers simultaneously with
the determination of erythrocyte sedi-
mentation rate (ESR) and C-reactive
protein (CRP).
The Larsen method was used to evalu-
ate radiographs of hands and feet,
which were taken in the dorsovolar
projections at both the 15- and 20-year
follow-ups. The joints to be interpreted
were compared with standard series on
a scale of 0 to 5. Joints with only soft
tissue swelling or osteoporosis were as-
signed a Larsen grade of 0, joints with
pre-erosive changes or marked space
narrowing a grade of 1, and joints after
reconstructive surgery a grade of 5 (29,
30). Grades for the 1st to 5th metacar-
pophalangeal joints and wrists and the
2nd to 5th metatarsophalangeal joints
(20 joints) were summed to form a

Larsen score of 0-100 to demonstrate
the severity of RA (3). The Health As-
sessment Questionnaire index (HAQ)
was registered at both the 15- and 20-
year follow-ups. The highest score for
each eight areas of activity in daily liv-
ing was summed (range 0-24) and
divided by eight to yield a continuous
scale (0-3) of functional disability
index (31). The number and location of
large joint replacements were also reg-
istered.

Ethics
The subjects’ written consent was
obtained according to the Declaration
of Helsinki. The design of the work
was approved by the local ethical com-
mittee of The Rheumatism Foundation
Hospital, Heinola.

Statistics
Results are expressed as mean or medi-
an, standard deviation (SD) or
interquartile range (IQR), and 95 per
cent confidence intervals (95% CI).
Statistical significance was evaluated
by t-test. Hommel’s adjustments were
performed to correct significance lev-
els for the multiple test. The normality
of variables was evaluated by Shapiro-
Wilk statistics and correlation coeffi-
cients were calculated by the Spearman
method. The α level was set at 0.05 for
all tests. Regression analyses with
biased corrected bootstraping (10,000
replications) confidence intervals was
used to model the relationship between
BMD change and predictor variables.

Results
A total of 59 patients (10 men and 49
women) had their BMD measured at
the lumbar spine and/or the left femoral
neck. The mean age was 61 (SD 13)
years for men and 54 (SD 11) years for
women at 15 years from the onset of
RA. The main figures for the measured
clinical parameters, the number of
prednisolone users are shown in Table
I. In this stage the inflammatory activi-
ty proved to be fairly low, but Larsen
score determinations revealed that the
joint destruction was substantial at the
peripheral joints. Between the 15- and
20-year follow-up visits the median
difference of ESR, CRP and Larsen

score was 2 [95%CI: -6 to 2], p = 0.32,
2 [95%CI: -2 to 4], p = 0.53 and 6
[95%CI: 4 to 6], p < 0.001, respective-
ly. At the end-point, a total of 22 large
joint replacements (LJR) had been per-
formed for one man and nine women.
The median (IQR) HAQ-index was
0.62 (0.37, 1.00) for men and 0.37
(0.00, 0.75) for women, respectively.
Since disease onset, 1973-1975, 90%
of these patients had been treated initi-
ally with gold sodium thiomalate, hy-
droxychloroquine, penicillamine and/
or prednisolone or their combinations.
Sulfasalazine was introduced in the
treatment regimen after 1982. Only six
patients used methotrexate periodically
during the years 1991-96 (3). At the 15-
year evaluation point four out of 10
men and 15 out of 49 women were
using prednisolone, the median (IQR)
daily dose being 5.0 mg (1.25, 7.5) and
respectively at the 20-year check-up
four out of 10 men and 24 out of 49
women were using prednisolone, the
median (IQR) daily dose being 5.0mg
(0.50, 10). From entry to the 15-year
follow-up the median (IQR) cumula-
tive dose of prednisolone was 8.0g
(0.00, 15) for men and 1.0g (1, 9) for
women, respectively. Between 15- and
20-year check-ups the median (IQR)
cumulative dose of prednisolone was
0.50g (0.00, 6.12) for men and 1.00g
(0.00, 6.75) for women, respectively.
At the 15-year measurements, the mean
lumbar BMD was 1.06g/cm2 [95%CI:
1.00 to 1.22] reflecting a mean T-score
of -1.13 [95%CI: -1.62 to -0.65] and a
Z-score -0.22 [95%CI: -0.67 to 0.24].
For comparison at the femoral neck the
mean BMD was 0.84g/cm2 [95% CI:
0.80 to 0.87], and the mean T-score was
-1.29 [95%CI: -1.57 to -1.00], and the
Z score -0.52 [95%CI: -0.76 to -0.27].
One man out of 10 (10% [95% CI: 0 to
45]) and 3 women out of 49 (6% [95%
CI: 1 to 17]) had OP at both the lumbar
spine and the femoral neck. Altogether
18 (31% [95% CI: 19 to 44]) patients
out of 59 (17 women and one man) had
central osteoporosis, and altogether 32
(54% [95% CI: 41 to 67]) patients out
of 59 (23 women and 9 men) were con-
sidered to have osteopenia.
After subsequent 5 years the mean
BMD changes were of low degree gen-
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erally, at the lumbar spine was 0.01g/
cm2 [95%CI: -0.00 to 0.03] and at the
femoral neck it was -0.02 g/cm2 [95%
CI: -0.04 to -0.01]. Simultaneous mean
T-score and Z-score changes were 0.13
[95%CI: 0.01 to 0.26] and 0.45 [95%
CI: 0.32 to 0.58] at the lumbar spine
and -0.20 [95%CI: -0.04 to -0.01] and
0.01 [95%CI: -0.10 to 0.12] at the fem-
oral neck, respectively (Fig. 1, Table
II). Concerning the clinical data none
of the explanatory variables was found
as a statistical predictor of BMD
change at the lumbar spine and femoral
neck from 15- to 20-year check-ups
(Table III).

Discussion
Few studies concerning central BMD
and changes of BMD in long-term
(mean disease duration over 10 years)
RA have been conducted. In these stud-
ies BMD values seem to be only slight-
ly reduced or close to that of controls in
the lumbar spine and femoral neck (16-
20). Sambrook et al. assessed BMD
values as BMD percentage of normal
mean in female RA patients at the lum-
bar spine and femoral neck and these
BMD values were 6.9% and 8.9% re-
duced from that of controls, respective-
ly (17). Cortet et al. measured BMD
values also in men and assessed the dif-
ference of central BMD values in long-
term RA patients versus healthy con-
trols at the lumbar spine and femoral
neck and found the differences in BMD
to lie 14.8% and 17.7% lower in RA
patients at the measurements sites, re-
spectively (18). In our study at the 15-
year check-up the decreases in BMD
were only moderate at the lumbar spine
and femoral neck when compared with
values in the reference population at
the same age and sex (32-34).
Sambrook et al. found no differences in
changes of BMD in long-term (mean
disease duration over 10 years) RA pa-
tients versus in healthy controls at the
lumbar spine and femoral neck in a 2-
year follow-up study. These BMD
changes assessed as change of percent-
age per year had the magnitude from
1% to 2% at the femoral neck and even
less at the lumbar spine (17). Hauge-
berg et al found the mean BMD reduc-
tion as percentage of change in RA
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Table I. Demographic and clinical data on RA patients at 15 years of follow-up.

Variable Females Males
(n = 49) (n = 10)

Mean (SD) age, years 54 (11) 61 (13)

Median (IQR) ESR, mm/h 20 (11, 41) 32 (18, 48)

Median (IQR) CRP, mg/L 2 (2, 24) 14 (3, 63)

Median (IQR) Larsen score (0-100) 33 (17, 61) 44 (32, 62)

Median (IQR) physical function, HAQ† 0.37 (0.00, 0.75) 0.62 (0.37, 1.00)

Number of prednisolone users (%) 15 (31) 4 (40)

† Health Assessment Questionnaire.

Fig. 1. T-scores for central bone mineral density (BMD) at the 15-year follow-up and the change in T-
score for BMD from the 15-year to 20-year follow-ups in 59 RA patients.

Table II. Central bone mineral density (BMD) at the 15-year follow-up and the change in
BMD to the 20-year follow-up in 59 RA patients.

15 years from onset Change to year 20 p value†

Mean (SD) Mean (95% CI)

Lumbar spine:

BMD (g/cm2) 1.06 (0.21) 0.01 (-0.00 to 0.03) 0.10

BMD T-score -1.13 (1.76) 0.13 (0.01 to 0.26) 0.082

BMD Z-score -0.22 (1.66) 0.45 (0.32 to 0.58) <0.001

Femoral neck:

BMD (g/cm2) 0.84 (0.13) -0.02 (-0.04 to -0.01) 0.002

BMD T-score -1.29 (1.07) -0.20 (-0.32 to -0.08) 0.002

BMD Z-score -0.52 (0.93) 0.01 (-0.10 to 0.12) 0.84

† Hommel’s adjusted p-values.
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patients not using any OP treatment to
lie 0.64% at the femoral neck and
0.43% at the lumbar spine in a popula-
tion-based cohort of RA patients fol-
lowed up for two years (20). In our
study the Z-score increased at the lum-
bar spine and there were no change at
the femoral neck from 15 to 20 years of
disease duration.
Reduced BMD values seem to be met
in patients with long-term RA receiving
corticosteroids when compared to those
of controls or RA patients not receiving
corticosteroids (16-20). Buckley et al.
found significantly lower BMD values
at the lumbar spine in RA patients re-
ceiving over 5mg daily dose of pred-
nisolone (19). Haugeberg et al. found
similar results also at the femoral neck
(20). Sambrook et al and Cortet et al.
explained that it is difficult to distin-
guish the effects of disease duration
and severity of RA from effect of corti-
costeroid treatment on central BMD in
RA patients (16, 18). We emphasize
that the daily dose of prednisolone is
5mg in majority of cases in our hospital
to achieve a favorable benefit to risk
ratio as discussed recently by Strand
and Simon (35). Forslind et al. and
Berglin et al. have suggested that re-
duced BMD in RA is associated with
radiologic progression (36, 37). How-
ever, in our study Larsen score beared
no correlation with BMD change. In
addition, disease activity, age or HAQ

beared no correlation with BMD
change. Cortet et al. found age to have
negative correlation to central BMD
values (18). Cortet et al. and Buckley et
al. found HAQ-index to be associated
with BMD in the lumbar spine and
femoral neck (18,19).
We conclude that in RA central BMDs
seem to be only moderately decreased
after 15 years from eruption of the dis-
ease. No essential change in central
BMDs were found in this series of RA
patients between the 15- and 20-year
check-ups.
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