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Abstract
Objective

To investigate the incidence of osteoporotic fractures and effects on bone of low-dose glucocorticoid (GC)
monotherapy in a group of previously untreated patients with early active RA we performed a double blind,

randomised, placebo-controlled clinical trial. The study duration was 2 years, with an open follow-up during
the third year. Patients were randomly allocated to receive 10 mg prednisone or placebo.

Methods
Non-steroidal anti-inflammatory drugs (NSAIDs) were allowed in both groups. After 6 months sulphasalazine

(2 gr daily) could be prescribed as rescue therapy in both groups. Except for 500 mg calcium supplement daily,
no specific preventive measures were taken. This was a normal procedure at the time the study was designed

(1989-1991). At the start of the study and every 6 months, X-rays of the twelfth thoracic and of all lumbar verte-
brae were scored using the Kleerekoper method, and every year biochemical parameters of bone metabolism
and bone mineral density (BMD, expressed in T-scores) and bone mineral content (BMC, expressed in g/cm)

were assessed. 

Results
In the prednisone group there was a higher incidence during the study of lumbar vertebral fractures than in the

placebo group: 7 vs 4 respectively. This difference did not reach statistical significance however, probably
because of the small numbers. One patient of the prednisone group suffered an osteoporotic fracture of the

pelvis. In the 2-year study and the subsequent follow-up year, no other peripheral fractures were seen in either
group. No significant changes from baseline in BMD and BMC of the hips were seen in either group during the

study and the follow-up year. In the lumbar spine, BMD in the prednisone group decreased although not 
statistically significantly during the whole study. No correlation between changes in serum osteocalcin and

BMD was observed.

Conclusion
Low-dose prednisone monotherapy for patients with early active previously untreated RA seems to increase the

risk of fractures not only by reducing the BMD but also by changes in bone strength and structure. 
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Introduction
In rheumatoid art h ritis (RA), p e ri a rt i c-
ular as well as ge n e ralised bone loss is
an early fe at u re of the disease with an
i n c reased risk of fra c t u res of 1.5 to 2.1
(1-3). Bone fo rm ation is normal or
reduced and bone re s o rption is in-
c reased in RA patients compared to
h e a l t hy controls. Bone loss is the
result of this uncoupling between bone
fo rm ation and re s o rption. The aetiolo-
gy of ge n e ralised bone loss in RA is
mu l t i fa c t o rial. Infl a m m ation with cir-
c u l ating cytokines and hy p ogo n a d i s m
as well as ge n e ral fa c t o rs such as
d e c reased physical and we i g h t - b e a r-
ing activ i t y, age, vitamin D stat u s ,
h o rmonal status and physical impair-
ment play a role (4, 5). 
Another risk factor for osteoporosis is
t re atment with glucocorticoids (GC);
in ge n e ral this therapy doubles the
risk of fra c t u res (6). However there is
still deb ate as to whether tre atment of
an active infl a m m at o ry disease with
10 mg prednisone also results in the
d evelopment of osteoporosis and an
i n c reased risk of fra c t u res. In contra s t
to the negat ive effects on bone, G C
t re atment of patients with RA re d u c e s
disease activity and joint da-mage and
enhances mobility, e ffects that are
a n t i - o s t e o p o rotic (7, 8). Th e re fo re, t h e
p o s i t ive effects of GC tre atment of
p atients with RA on disease activ i t y
and joint damage might part i a l ly
counterbalance the negat ive effects on
bone (3, 6 , 7). In va rious studies the
incidence of clinical manife s t ations of
ve rt eb ral fra c t u res was signifi c a n t ly
higher in patients with RA tre at e d
with GC compared to RA pat i e n t s
without GC (9, 10). Howeve r, i n t e r-
p re t ation of the results of these stud-
ies is difficult because of confo u n d i n g
fa c t o rs such as the administration of
p rednisone only to patients with more
a c t ive disease (allocation bias). 
The aim of our study, in which pred-
nisone therapy was randomly allocated
(thus ex cluding allocation bias fo r
prednisone) was to investigate the ef-
fects on bone and the risk of fractures
of 10 mg prednisone monotherapy in
patients with early, active, previously
untreated RA.

Patients and methods
Patients 
From October 1992 through October
1995 eighty-one out of 118 eligi bl e
consecutive outpatients of the Depart-
ments of Rheumatology of the Deven-
ter and Zutphen Hospitals, who were at
least 18 years of age, had early previ-
ously untreated RA (disease duration
less than one year), and satisfied the
1986 A R A - cl a s s i fi c at i o n , we re en-
rolled in the study (11). Inclusion crite-
ria were: active disease defined as at
least 2 of the following: ≥ 3 in the 28
joint score for tenderness and the 28
joint score for swe l l i n g, We s t e rgre n
e ry t h ro cyte sedimentation rate (ESR)
after one hour ≥28 mm and early morn-
ing stiffness lasting 30 minutes or
longer (12, 13). Exclusion criteria were
contraindications for the use of pred-
nisone and/or NSAIDs, s e rious con-
comitant diseases, active gastrointesti-
nal pro bl e m s , s eve re hy p e rt e n s i o n ,
haemorrhagic diathesis, treatment with
cytotoxic or immunosuppressive drugs,
alcohol or drug abuse and severe psy-
chiatric or mental problems. 
I n fo rmed consent was obtained fro m
all subjects prior to participation. Of
the 118 eligible patients, 37 refused to
participate.

Intervention
The 81 participating patients were ran-
domly allocated in blocks of 10 sub-
jects by the Pharmacy of the Deventer
Hospital to one of two groups for treat-
ment for two years: 1) two tablets of 5
mg prednisone once daily at breakfast
(=10 mg), 2) two placebo tablets in the
same way. The Pharmacology Depart-
ment prepared and labelled the pred-
nisone and placebo tablets, which were
identical in shap e, taste and colour.
Both groups of patients received 500
mg elementary calcium in the evening
to retard GC-induced osteoporosis as
was the normal procedure at that time
( s t u dy designed in 1989-1991). A c c o rd-
ing to current know l e d ge pat i e n t s
would now be treated with bisphospho-
nates and/or vitamin D and 1000 mg
elementary calcium. 
The code of randomisation was broken
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after 2 years of treatment. The dosage
was then tapered off for patients receiv-
ing prednisone. At every visit the sur-
plus tablets of the study medicat i o n
were counted; compliance was satisfac-
tory (96%). NSAIDs were furnished to
the study participants free of charge.
Local GC injections we re perm i t t e d
only if unavoidable. Physical therapy
and additional use of paracetamol were
allowed and recorded every 3 months.
After 6 months sulphasalazine (2 gm
daily) could be prescribed as a rescue
medication. The decision to add sulph-
asalazine was based on clinical grounds
only (RA activity).

Design, setting
This pro s p e c t ive, d o u bl e - bl i n d, ra n-
domised, placebo-controlled trial was
approved by the Ethics Committees of
the University Medical Center Utrecht
and the Deventer and Zutphen Hospi-
tals. During the period in wh i ch the
s t u dy was designed (1989-1991) and
the initial period of the study (1992-
1995), the design was considered ethi-
c a l ly accep t able; later (beginning in
1993) it became clear that irreversible
joint damage in RA is an early feature
of the disease. With our present knowl-
edge comparison of the effects of pred-
nisone and placebo in patients who did
not receive a DMARD for at least six
months would be considered unethical.
In our study sulphasalazine as a rescue
m e d i c ation could be pre s c ribed only
after 6 months in order not to obscure
the effects of prednisone monotherapy.

Measurements
At the start of the study and every 3
months for three years variables of dis-
ease activity and adverse effects were
assessed: the results are reported else-
where (7). In this report, baseline val-
ues for joint scores, the visual analogue
scale (VAS) for pain (0-100 mm), the
HAQ score and serum C-reactive pro-
tein are shown in Table I. 
At the start of the study and every 6
months radiographs of the lower tho-
racic and lumbar spine were made and
assessed according to the method of
Kleerekoper (14). The vertebrae (Th 12
through L 5) were scored by naked eye
inspection and compared to the verte-

brae below and above by two observers
( A Av E , DH). The ra d i ographs we re
prepared for reading by a medical resi-
dent; observe rs we re blinded to the
patients’data and identity at the time of
scoring. Radiographs were read in ran-
dom patient order and scored for each
p atient in temporal ord e r : 0 (norm a l
shape and dimensions), 1 (only end-
plate deformity, middle height < 85%),
2 (anterior wedge deformity, anterior
height < 85%) and 3 (compression de-
formity, all heights < 85%). The maxi-
mum score was 18. 
At the start of the study and once every
year the bone mineral density (BMD)
of the lumbar spine (L2-4) and collum
femoris of both hips was measured by
d u a l - e n e rgy X-ray ab s o rp t i o m e t ry
(BMC in g/cm)(Hologic QDR-4500A)
with a cut-off point for changes from
baseline > 0.27 g/cm2. BMD va l u e s
we re also ex p ressed as T- s c o res and
changes from baseline. Osteocalcin in
the serum (mg/L; measured by a OStK-
Pr ra d i o i m mu n o a s s ay kit purch a s e d
from CIS BIO International, GIP-SUR-
Yvette, Cedex France) and excretion of
hydroxyproline in 24-hour samples of
urine (µmol/24h/m2) on a hydroxypro-
line-poor diet, considered at the time of
the study the most reliable markers of
bone metab o l i s m , we re measured in
a ddition to ex c retion of calcium and
creatinine in 24h urine in mmol/24h. 
At the start of the study and every 3
months serum cre atinine in µmol/L wa s
assessed and at the start of the study
serum 25-OH vitamin D was measured.

Statistical analysis
All statistical analyses to eva l u ate pos-
s i ble effects of tre atment on bone we re
p e r fo rmed with patients ‘on tre at m e n t ’ ;
‘intention to tre at ’a n a lysis with the esti-
m ation of missing data by carrying the
last measurement fo r wa rd would have
yielded a too positive result. For the 10
p atients in the 2-year study and the 6
p atients in the fo l l ow-up year wh o
d ropped out, the outcomes of the cl i n i-
cal va ri ables we re estimated conserva-
t ive ly according to the method of the
last measurements carried fo r wa rd.
Outcome measurements we re tested fo r
s t at i s t i c a l ly significant diffe re n c e s
b e t ween the two groups using unpaire d

T-tests or Mann-Wh i t n ey U tests wh e re
ap p ro p ri at e, for the means and Fi s h e rs ’
exact test for pro p o rtions. Change s
f rom baseline within groups we re tested
for stat i s t i c a l ly significant diffe re n c e s
with the paired T-test or the Wi l c ox o n
rank test, wh e re ap p ro p ri at e. Corre l a-
tions we re calculated between osteocal-
cin and BMD and between CRP and
BMD using Pe a rs o n ’s corre l ation coef-
ficients. All testing was two-sided; the
l evel of significance was p < 0.05. 
All analyses were performed with the
statistical package “Number Cruncher
S t atistical System” ve rsion 97 (Je rry
Hintze, Kaysville, Utah). 

Results
The patients’ characteristics at the start
of the study are shown in Table I: there
were no statistically significant differ-
ences between groups. All pat i e n t s
were Caucasian except for two in the
prednisone group: one Asian and one
Mediterranean. Of the 118 patients 37
d e clined to part i c i p ate in the study.
They had the following characteristics:
mean age 48 (SD 12) years; 25 were
female; 28 patients had IgM-rheuma-
toid factor and 14 exhibited ero s ive
ch a n ges on ra d i ographs of the hands
and/ or feet. Th e re fo re the group of non-
p a rticipants consisted of re l at ive ly more
female and yo u n ger patients compared
to the study group.
Ten patients dropped out of the study : 4
in the prednisone group and 6 in the
p l a c ebo group; details are furn i s h e d
e l s ewh e re (7). For 65 of the 71 pat i e n t s
all BMD and BMC measurements we re
ava i l abl e. No significant ch a n ges fro m
baseline in the BMD and BMC of the
hips we re seen in either gro u p , nor sig-
n i ficant diffe rences between the two
groups (see Table II). In the pre d n i s o n e
group the BMD and BMC decre a s e d
f rom baseline although this ch a n ge wa s
not stat i s t i c a l ly significant. This re s u l t-
ed in a non-significant diffe rence be-
t ween the groups at the end of the study
of about 0.5 in the T- s c o re of the lumbar
spine in favour of the placebo group. 
At the start of the study there was one
patient in each group with one vertebral
fracture (Th12 - L5). After 24 months,
5 patients in the prednisone group had
new fractures in the lumbar spine: 3
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patients had a single fracture, and two
had 2 fractures The one patient who
had a fracture at the start did not devel-
op new fractures. In the placebo group
1 patient had 3 new vertebral fractures
and the one patient who had had a frac-
ture at the start of the study developed a

new one. Except for one osteoporotic
fracture of the pelvis, no other non-ver-
tebral fractures (forearms, ribs or hip)
were seen (Table II). During the fol-
low-up year no new vertebral fractures
occurred in the placebo group. In the
prednisone group 2 patients who alrea-

dy had vertebral fractures developed a
new vertebral fracture.
The fi rst patient entered the 2-ye a r
study in 1992; patients were included
f rom 1992-1995 and the last pat i e n t
finished the study in 1998. In addition,
in 1999 we were able to take radio-
graphs of the thoracic and lumbar spine
of 59 out of the 65 patients. There were
at that time no new fra c t u res in the
placebo group. In the prednisone group
there was one new thoracic vertebral
fracture in a patient who was known to
h ave a lumbar ve rt eb ral fra c t u re; 2
patients who had already had lumbar
vertebral fractures both developed one
new lumbar fracture. Therefore a total
of 3 new fractures had developed.
At the start of the study only one pa-
tient (in the prednisone group) had a
subnormal 25-OH vitamin D level of
23 (normal: 25-150 nmol/L).
There was a significantly lower serum
osteocalcin level at 12 and 24 months
in the prednisone group compared to
the placebo group; at t=0, t=12 and
t=24 it was 15.6 versus 14.2 (p = 0.9),
14.3 versus 18.3 (p = 0.05), and 15.5
versus 18.8 (p = 0.0007) mg/L respec-
t ive ly. Th e re was also signifi c a n t ly
higher calcium excretion in samples of
24 hr urine at 24 months in the pred-
nisone group, at t=0, t=12 and t=24 it
was 0.5 versus 0.4 (p = 0.2), 0.5 versus
0.4 (p = 0.2) and 0.6 versus 0.4 (p =
0.0008) mmol/24h re s p e c t ive ly. No sta-
t i s t i c a l ly significant diffe rences we re
found in the ex c retion of hy d rox yproline
in samples of 24 hr urine, nor signifi-
cant correlations between serum osteo-
calcin and BMD, nor between serum
CRP and BMD (data not shown).

Discussion
In our 2-year placebo-controlled study
with a 1-year follow-up, which showed
the joint protective properties of low-
dose prednisone for patients with early,
p rev i o u s ly untre ated active RA, we
found more vertebral fractures in the
p rednisone group compared to the
placebo group but this (clinically rele-
vant) difference did not reach statistical
significance, probably because of the
small nu m b e rs invo l ve d. Neither cl i-
nically relevant nor statistically signifi-
cant differences in BMD and BMC of

Table I. Baseline characteristics of the 81 patients with early RA (the number of patients
(n) or the means and standard deviations between parentheses). There were no statistically
significant differences between the two groups.

Prednisone (n = 40) Placebo (n = 41)

Age in years 60 (14) 64 (12)
Male/female (n) 17/23 12/29
IgM rheumatoid factor positive ‡ (n patients) 29 31
Patients with erosive disease (n) 16 15
28 joint score for swelling 7 (4) 9 (4)
28 joint score for tenderness 9 (6) 9 (5)
Vas pain in mm¶ 28 (20) 34 (25)
HAQ* 0.8 (0.6) 1.0 (0.7)
CRP in mg/L 11 (18) 20 (28)
Serum creatinine in µmol/l# 81 (15) 80 (12)
Serum 25-OH vitamin D@ 72 (35) 61 (21)

‡ RF status was considered positive when the IgM-RF was 25 IU/ml or more, a cut-off point resulting
in a false-positive test for less than 5% of the general population.
¶ VAS (visual analogue scale) for morning pain and general well-being referred to the previous 48
hours on a scale ranging from 0 -100 mm, 0 representing the best (no problems) and 100 the worst
score. 
* A Dutch version of the HAQ (VDF, Vragenlijst Dagelijks Functioneren), its score ranging from 0-3,
0 representing the best (no problems) and 3 the worst score (30).
# Serum creatinine: normal ≤ 110 for males; ≤ 90 for females.
@ Normal range:25-150 nmol/L; only one patient (in the prednisone group) had a subnormal value (23
nmol/L).

Table II. Bone mineral densities (T-scores), BMC in g/cm and fractures over time for
patients with RA receiving prednisone vs. those receiving placebo [means (standard error
of the mean), number of patients].

Time in months          0  12   24   36

T-score lumbar spine
-prednisone (n=32)         -0.8 (0.3) -1.0 (0.3)  -1.1 (0.3)  -1.1 (0.3)
-placebo (n=33)           -0.7 (0.3) -0.6 (0.3)  -0.6 (0.3)  -0.6 (0.3)

T-score femoral neck          
-prednisone (n=32)          -1.8 (0.2) -1.8 (0.2)  -1.9 (0.2)  -1.8 (0.2)
-placebo (n=33)           -1.9 (0.2) -1.9 (0.2)  -1.9 (0.2)  -1.9 (0.2)

BMC lumbar spine 
-prednisone (n=32)          51 (2)   49 (2)   48 (2)   49 (2)
-placebo (n=33)            52 (3)  52 (3)   52 (3) 53 (3)

BMC femoral neck
-prednisone (n=32)          2.8 (0.1)  2.8 (9.6)  2.8 (1.0)  2.8 (0.1)
-placebo (n=33)            2.6 (0.1)  3.2 (0.5) 2.7 (0.1)  2.7 (0.1) 

Cumulative number of fractures 
-prednisone             1     5     8   10
-placebo               1   2 5     5

Cumulative number of patients with
fractures (total number of patients)

-prednisone           1 (40)  4 (40)   6 (36)   6 (31)
-placebo              1 (41)   2 (36)   2 (35)   2 (33)   
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the hips were found between the group
of patients treated with prednisone and
the group on placebo. The BMD and
BMC of the lumbar spine showed a
decrease in the prednisone group com-
pared to the BMD and BMC of the
placebo group. Although this decrease
did not reach statistical significance, it
is in line with the lower osteocalcin lev-
els at 12 and 24 months and the higher
calcium excretion at 24 months in the
p rednisone group compared with the
p l a c ebo group. In interp reting these
results one should take into account the
relatively small numbers but the lower
BMD levels in the spine (T- s c o res) in
the prednisone gro u p (if real) compared
with those in the placebo group only
partially explain the higher occurrence
of osteoporotic fractures in this group.
The diffe rence was about 0.5 SD,
wh e reas the fra c t u re rate was ab o u t
doubled in the prednisone group; the
latter would be more compatible with a
d e c rease of 1.0 SD. In a small, bu t
well-designed randomized trial, rapid
reversible trabecular bone loss in the
spine was observed in patients treated
with prednisone (15). In a study with
l o n g - t e rm prednisone tre atment (15
mg/day for 1 month, with the dosage
tapered thereafter) of elderly-onset RA
c o m p a ring disease activity and bone
m a s s , t h e re was a non-signifi c a n t
excess bone loss of 1.8% in the spine
and 1.5% in the hip in the prednisone
group compared to the ch l o ro q u i n e
group (16), a finding similar to our
results.
The use of GC diminishes disease ac-
tivity; the lack of clear differences in
clinical va ri ables between the pre d-
nisone group and the placebo group wa s
p ro b ably due to the use of NSAIDs,
which was about doubled in the place-
bo group compared to the prednisone
group (details reported elsewhere) (7).
In inflammatory diseases such as RA,
there is a positive correlation between
disease activity, bone turnover and the
rate of fractures, most of which are ver-
tebral deformities (6). Although GC in-
duce secondary osteoporosis, GC also
reduce pro i n fl a m m at o ry pro c e s s e s
( cy t o k i n e s ) , e ffects leading to osteo-
porosis. In this way, prednisone could
p a rt i a l ly counterbalance its negat ive

effect on bone of patients in the pred-
nisone group. In the recent literature
the relationship between low-dose GC
t re at m e n t , the development of low
BMD and the risk of fractures is a sub-
ject of controversy. Most studies thus
far have been re t ro s p e c t ive and per-
formed among patients with longstand-
ing RA and the results are controversial
(9, 17). We will briefly discuss these
studies.
In several studies on low-dose, long-
term GC treatment of postmenopausal
RA patients, a higher incidence of frac-
tures – especially of the vertebrae and
femoral neck – compared to RA pa-
tients who did not receive GC and had a
lower BMD was reported (10, 18). 
In a cohort of patients with a variety of
diseases no difference was found in the
relationship between changes in BMD
and ve rt eb ral fra c t u res between pa-
tients receiving GC and patients who
were not on this therapy (19). In con-
trast, in other studies higher fracture
rates than could be expected from the
observed changes in BMD were report-
ed (20, 21), as in our study. However,
there is a difference between the study
p o p u l ation for those studies and our
patients, all of whom had previously
untreated, active early RA. Our study,
which was free of allocation bias, was
i n d i c at ive of a discrep a n cy betwe e n
bone strength and BMD in patients on
prednisone. This seems to confirm the
hypothesis that GC treatment may lead
to fra c t u res also via effects on bone
other than a decrease in BMD, i . e.
changes in bone strength and structure
(22). For patients with a variety of dis-
eases who are on long-standing GC
treatment, only 40% of the risk of frac-
tures can be explained by BMD; the
other 60% are accounted for by other
(known and unknown) factors such as
the risk of falling (5). 
At the time of our study it was standard
procedure only to provide a supplement
of 500 mg elementary calcium daily for
patients with RA treated with GC to
p revent osteoporosis. After 1996 a
number of well-conducted studies were
published showing the efficacy of bis-
phosphonates in combination with cal-
cium and vitamin D in preventing bone
loss and even increasing BMD in pa-

tients treated with GC (23-26). Nowa-
days it is considered unethical to per-
form studies with GC without adequate
measures to prevent osteoporosis. 
S t at i s t i c a l ly significant diffe re n c e s
were found between the two groups in
serum osteocalcin levels and the excre-
tion of calcium in 24 hr samples of ur-
ine: lower serum osteocalcin and high-
er calcium excretion characterised the
prednisone group. However, no corre-
l ations we re found in either gro u p
between bone markers, disease activity
and the BMD. The fact that GC dimin-
ish disease activity might explain the
l a ck of corre l ation between disease
activity (CRP) and the bone marker of
osteocalcin levels in the serum.
Our finding of a statistically significant
decrease in serum osteocalcin and the
increased excretion of calcium in 24 hr
urine for the prednisone group com-
pared to the placebo group contrasts
with the data in the literature, except
for one study in which significant low-
er osteocalcin levels we re found in
women receiving GC compared to con-
trols (27). In a study of postmenopausal
women with longstanding RA no sig-
n i ficant diffe rences in bioch e m i c a l
markers of bone turnover were observ-
ed between RA patients treated with
l ow-dose GC and those re c e iv i n g
p l a c ebo (16). Another study in post-
menopausal women with RA did not
find significant differences in excretion
of calcium in 24 hr urine (28). In a sim-
ilar study there were no differences in
s e rum osteocalcin between the pre d-
nisone and placebo groups as well (29).
Differences with respect to our study of
e a rly RA patients could possibly be
explained by the different disease dura-
t i o n s : the majority of other studies
were performed in patients with long-
standing RA. 
In a review on the effects of short-term
and long-term low-dose GC therapy in
p atients with RA considerable bone
loss was rep o rted only in long-term
therapy without anti-osteoporotic treat-
ment (9). The hypothesis that the posi-
tive effects of GC on disease activity
might counterbalance the negative ef-
fects on bone could explain the lack of
c o rre l ation between disease activ i t y
(CRP) and the bone marker (osteocal-
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cin in serum).
In conclusion, in our study without an
allocation bias for prednisone, a discor-
dance seems to be present between the
non-statistically significant decrease in
BMD and BMC of the spine and the
clinically relevant, albeit not statistical-
ly significant, increase in the incidence
of fractures in patients with early active
RA treated with low-dose prednisone.
Ap p a re n t ly mechanisms other than a
decreased BMD also seem to be re-
sponsible for diminished bone strength
and an increased risk of fractures. 
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