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MARKERS OF BONE METABOLISM IN POSTMENOPAUSAL WOMEN
WITH RHEUMATOID ARTHRITIS

Effects of Corticosteroids and Hormone Replacement Therapy

G. M. HALL, T. D. SPECTOR, and P. D. DELMAS

Objective. To investigate bone metabolism in
postmenopausal women with rheumatoid arthritis (RA)
treated with or not treated with corticosteroids, and the
response to hormone replacement therapy (HRT).

Methods. One hundred six RA patients were
divided into those taking low-dose steroids (RA+; n =
35) and those not (RA—; n = 71) and randomly
allocated to receive HRT or calcium for 2 years. Bone
formation markers included serum osteocalcin (OC) and
bone-specific alkaline phosphatase, and resorption
markers included urinary deoxypyridinoline (DPyr) and
CrossLaps (XL). Bone mineral density (BMD) was
measured annually using dual x-ray absorptiometry.

Results. OC levels were significantly lower in
both the RA+ and RA— groups compared with 112
healthy control subjects (P < 0.01 and P < 0.05,
respectively), but were similar in the 2 RA groups. DPyr
and XL levels were elevated in the RA+ group com-
pared with the RA— group (P < 0.05) but were similar
between the RA— group and controls. OC was nega-
tively correlated with parameters of disease activity
(P < 0.05). After HRT, XL excretion decreased signif-
icantly in the overall RA group. Three-month changes in
XL correlated with 2-year changes in spinal BMD (P <
0.01).

Conclusion. Bone metabolism may be uncoupled
in chronic RA. Bone formation appears to be reduced,
partly reflecting disease activity, whereas resorption is
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increased only in steroid users. HRT reduces resorption
in RA irrespective of steroid usage, emphasizing its value
in the treatment of postmenopausal women with RA.

Patients with rheumatoid arthritis (RA) have an
increased likelihood of developing fractures (1), partly
due to reduced bone mass (2,3). The mechanisms
accounting for osteopenia in RA are unclear, but
biochemical markers of bone formation and resorption
offer an insight into the effects of RA and its treatment
on bone metabolism. Some biochemical studies have
demonstrated increased, and others reduced, bone
turnover in RA, though their techniques and study
populations have varied (4-6). Corticosteroids may
negatively affect both bone formation and resorption
(7, and we have found that hormone replacement
therapy (HRT), an antiresorptive treatment, increased
spinal bone mass in patients receiving steroids (8).
Other cross-sectional studies also suggest a favorable
effect of HRT on bone mass in RA (9,10).

In the present investigation, we analyzed mark-
ers of bone metabolism in patients with RA, some
receiving steroids, who participated in a 2-year ran-
domized controlled study of HRT. We assessed (a) the
effect of disease activity and low-dose steroid treat-
ment on baseline markers, (b) subsequent changes in
markers with HRT, and (c) the correlation between
short-term changes in markers and long-term changes
in bone mass.

PATIENTS AND METHODS

Patients. One hundred six postmenopausal women
(age 45-65 years) with definite RA according to the 1958
criteria of the American College of Rheumatology (formerly,
the American Rheumatism Association) (11) were recruited
from 5 rheumatology outpatient centers. Sixty percent of the
patients were receiving a slow-acting antirheumatic drug
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(SAARD) and 33% were receiving corticosteroids (mean
daily dose 7.0 mg, range 1-10 mg). Patients were divided into
those taking steroids (RA+; n = 35) and those not taking
steroids (RA—; n = 71). One hundred twelve control sub-
jects were randomly selected from a population screening
program of more than 1,000 women age 45-64 years identi-
fied from the patient register of a large general practice (12).
Control subjects with serious concurrent illness and those
receiving HRT were excluded.

Treatment. Patients were randomized to receive ei-
ther HRT or calcium supplementation. HRT was in the form
of continuous transdermal estradiol valerate 50 ug daily,
with norethisterone 1 mg daily for 12 days monthly for
patients who had an intact uterus (Estrapak 50; Ciba Phar-
maceuticals, Horsham, UK). Patients who had had a hyster-
eclomy took transdermal estradiol only. Calcium supple-
mentation was given as 400 mg elemental calcium daily
(calcium lactate-gluconate and calcium carbonate; Sandoz,
Frimley, UK). All patients taking SAARDs or steroids had
begun this therapy at least 6 months previously and were
receiving stable doses.

Assessments. Biochemistry. Total osteocalcin was
measured using a new human specific immunoradiometric
assay (ELSA-OSTEO; Cis Biointernational, Bagnols,
France) which recognizes a large N-terminal mid-fragment in
addition to the intact molecule (13). Intra- and interassay
coefficients of variation were 3.1% and 1.8%, respectively.
Bone-specific alkaline phosphatase (BALP) was assayed
with a direct immunoradiometric assay using 2 isoenzymes
directed against the bone isoenzyme (Ostase; Hybritech,
San Diego, CA). The cross-reactivity of BALP with the liver
isoenzyme is ~16%, and the intra- and interassay coeffi-
cients of variation were 6.4% and 6.8%, respectively. Deox-
ypyridinoline (DPyr), measured using high performance lig-
uid chromatography, is a lysine-derived collagen cross-link
that is almost exclusive to bone and dentin, and its urinary
excretion is reflective of bone degradation. The intraassay
cocfficient of variation for DPyr was <10%. A second
urinary measure, CrossLaps (XL) (Osteometer, Ballerup,
Denmark), is a new and sensitive marker of bone resorption
that measures a peptide fragment of type 1 collagen break-
down using an enzyme-linked immunosorbent assay (14).
Intra- and interassay coefficients of variation for XL were

11.7% and 13.8%, respectively. Urinary markers were ex- -

pressed after standard correction for urinary creatinine
excretion. Since corticosteroids may also increase muscle
catabolism, urinary markers were also corrected for serum
creatinine when comparing RA+ patients with RA— pa-
lients.

Ninety-four patients had serum available for OC and
BALP mcasurements at 3 months after study entry. Urine
was available for baseline DPyr analysis in all patients but
was available for XL analysis in only 69 patients, of whom 42
also had 3-month samples. Characteristics of this group of 69
patients were not different from those of the whole cohort.

Bone density. Bone mineral density (BMD) of the
spine and proximal femur was measured at study entry and
at 12 months and 24 months, using dual x-ray absorptiome-
try. At our institution, short-term reproducibility of repeated
measurements in healthy women on different days was 0.9%
and 1.5% for the spine and the femur, respectively.

Disease activity. RA disease activity was measured
with a modified Ritchie articular index (RAI) (15) using 24
joints, and the erythrocyte sedimentation rate (ESR). A
Health Assessment Questionnaire (HAQ) (16) measured
disability at entry.

Statistics. Baseline intergroup analyses were per-
formed using Student’s t-test and the Mann-Whitney U test.
Any non-normal data were logarithmically transformed.
Regression equations were used for analyses with confound-
ing variables. Longitudinal analysis was performed on an
intent-to-treat basis, using Student’s -test and analysis of
variance for confounding variables.

RESULTS

Table 1 shows baseline data on patients taking
corticosteroids (RA+ group), patients not taking ste-
roids (RA— group), and controls. The mean OC level
was significantly lower in both RA groups compared
with controls. Values did not change significantly
when corrected for age and weight. Although OC
levels tended to be lower in RA+ patients compared
with RA— patients, this difference was not significant.
There was no effect of cumulative steroid dose on OC
level. DPyr and XL levels, corrected for urinary
creatinine, were similar in controls and RA— patients
but significantly elevated in RA+ patients compared
with both RA— patients and controls. After further
correction for serum creatinine, the difference in DPyr
and XL between RA groups became more significant
(P < 0.01).

Forty-five patients receiving HRT and 49 pa-
tients receiving calcium had serum available for ana-
lysis after 3 months; urine was available from 20
patients taking HRT and 22 patients taking calcium.
Figure 1 shows the effects of HRT and calcium on
changes in serum OC, BALP, and urinary XL levels
over 3 months. There were no changes in the level of
either OC or BALP. To exclude the possibility of a late
effect on OC levels, 6-month measurements were
performed, but mean changes were not different from
those found at the 3-month assessment, i.e., a mean *
SEM increase of 1.9 £ 5.4% at 6 months compared
with baseline in the group as a whole (n = 29) and of
8.9 *+ 6.4% at 6 months in the steroid-treated subgroup
(n = 10). Mean XL levels fell significantly with HRT
treatment compared with calcium treatment, both in
RA- patients (mean 54.9% versus 9.2%; P < 0.001)
and RA+ patients (29.0% versus 6.7%; P < 0.05).
There was no significant difference in the percentage
decrease of XL levels between RA— patients and
RA+ patients, although the power of this comparison
was weakened by small cohort sizes. The mean daily
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Table 1. Baseline characteristics and biochemical markers in the rheumatoid arthritis (RA) patients
taking corticosteroids (RA+), RA patients not taking corticosteroids (RA-), and controls*

RA+ RA- Controls
(n = 35) (n=71) (n=112)
Clinical features
Age, years 57.2 = 5.2¢ 55.7+£5.1 54.8 +5.3
Years since menopause 86 +64 7.7+63 8670
Disease duration, years 11.4 = 10.2 8.6 6.9 -
ESR, mm/hour 417+ 274 31.4 £ 20.5 -
RAI, 0-72 scale 12.6 + 10.8 9.3+ 86 -
HAQ, 0-3 scale 1.6 £ 1.5 1.3+09 -
Biochemical markers
OC, uglliter 18.0 + 8.8% 203 = 7.1% 23.4 + 10.3
BALP, ug/liter 13.8 +5.2 12.0 + 4.1 12.8 + 4.7
DPyr, nM/mM creatinine ) 21.5 = 17.1% 8.2 + 11.2§ 11.7 £ 6.1
CrossLaps, pg/mmole creatinine 368 + 1921 276 *+ 181§ 252 + 158

* Values are the mean + SD. ESR = erythrocyte sedimentation rate; RAI = Ritchie articular index;
HAQ = Health Assessment Questionnaire (0 = no disability; 3 = severe disability); OC = osteocalcin;
BALP = bone-specific alkaline phosphatase; DPyr = deoxypyridinoline.

t P < 0.05 versus controls.

t P < 0.01 versus controls.

§ P < 0.05 versus RA+ group.

prednisolone dose did not change significantly over 2
years (6.3 mg at 1 year, 6.5 mg at 2 years). _
After adjustment for number of years sinc
onset of menopause, disease activity measures were
found to be inversely correlated with OC level (RAI
r=—0.32, P = 0.003; ESRr = —0.23, P = 0.04), as was
the HAQ score (r = —0.23, P = 0.04). Disease activity
was not significantly correlated with DPyr or XL.

4049 oOC

BALP

3 month % change in marker

There were no significant correlations between
markers of bone formation, either at baseline or after
treatment, and baseline or subsequent change in
BMD. After 24 months, mean spinal BMD had in-
creased by 3.15% (95% confidence interval [95% Cl]
0.35, 4.95) in the HRT group and decreased by 1.1%
(95% CI —2.74, 0.64) in the calcium-treated group.
There was a significant correlation between the change

CrossLaps

B HRTRA-, =27
B HRTRA+,n=13
O calcium RA-, n=31
Calcium RA+, n=13

Figure 1. Changes in levels of bone markers following treatment with hormone replacement therapy (HRT)
or calcium in rheumatoid arthritis (RA) patients not taking steroids (RA—) and RA patients taking steroids
(RA+). ** = P < 0.001 versus calcium RA - group; * = P <0.05 versus calcium RA+ group. For CrossLaps,
n =09, 11, 10, and 12 for the HRT RA—, HRT RA +, calcium RA—, and calcium RA+ groups, respectively.
OC = osteocalcin; BALP = bone-specific alkaline phosphatase.
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in XL after 3 months and the change in BMD after 2
years (for the spine, r = —0.37, P < 0.01; for the
femur, r = —0.29, P < 0.05).

DISCUSSION

This study examined markers of bone formation
and resorption in a large heterogeneous cohort of
female RA patients and demonstrated 2 differing pat-
terns of bone metabolism. First, in the patients with
chronic RA not treated with steroids, bone resorption
is not generally increased, but the low levels of OC
suggest that bone formation is reduced. Thus, bone
metabolism in RA appears to be uncoupled. Second, in
the case of patients treated with low-dose steroids, this
uncoupling appears to be more pronounced since
resorption markers are elevated while OC remains
depressed.

Previous studies of bone markers in RA have
yielded conflicting results (4-6). In histomorphometric
studies, RA has been associated with reduced forma-
tion and OC levels correlate with mineral apposition
rates (6,17). It is uncertain as to why the findings of
several of these studies are inconsistent. Clearly,
differences in techniques may be responsible. Another
possible explanation lies in the effect of cytokines on
bone metabolism. Many cytokines inhibit bone forma-
tion in vitro and in vivo (18,19), in accordance with our
findings of an inverse relationship between disease
activity and OC. However, there may be a biphasic
effect of disease activity on OC; Ellies et al found
that short-term exposure of fetal rat calvariae to
interleukin-1a led to stimulation of bone formation,
whereas continuous exposure resulted in reduced for-
mation (20). Thus, different phases of osteoblastic
activity may occur during different phases of disease
activity.

OC levels were not significantly lower in RA+
patients compared with RA— patients, probably re-
flecting the low steroid doses used. In other studies in
which low OC levels were shown, much higher steroid
doses were used and a dose-dependent effect was
. demonstrated (21,22). There was no dose effect in our
group, but the dose range was narrow (1-10 mg/day).

Neither marker of collagen breakdown was
increased in the RA— group. DPyr, reflecting bone
degradation, has previously been reported to be ele-
vated in RA (23), whereas studies of XL have not been
reported. Importantly, both markers were elevated in
patients taking steroids, demonstrating the deleterious
effect of steroids on bone resorption, even with low

doses, and probably accounting for the 7% reduction
in bone density previously seen in this group (2).

With HRT there was a reduction in collagen
cross-link excretion in both the RA+ and the RA—
groups. However, OC and BALP did not change with
HRT, in contrast to its effects in normal postmeno-
pausal women (24). Reasons for this discrepancy are
unclear, but it is important to note that active disease,
which depresses OC levels, was itself modestly sup-
pressed by HRT (25). Thus, the expected decline in
OC levels in postmenopausal women given HRT may
be partially negated by its positive effect on disease
activity, and therefore on the osteoblast, in patients
with RA. One other published study showed that oral
estradiol treatment led to a reduction in OC in 20 RA
patients (26), but this group had initial OC levels in the
upper normal reference range and did not show any
improvement in disease activity.

Current interest in biochemical markers in-
cludes their potential value in predicting changes in
bone mass. We found that changes in resorption
markers after 3 months of treatment with HRT pre-
dicted 2-year changes in spinal BMD and, to a lesser
extent, femoral BMD. Further prospective studies will
be needed to confirm a role for these markers as an
indicator of response to treatment.

This study suggests that bone metabolism may
be uncoupled in postmenopausal women with RA.
Bone formation, as measured by OC, is reduced partly
as a function of disease activity. The addition of
low-dose corticosteroid treatment may increase bone
resorption, further exaggerating any uncoupling. HRT
reduces resorption in RA, irrespective of steroid us-
age, confirming its clinical value in the treatment of
RA in postmenopausal women (8,27).
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