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ABSTRACT. Objective. To assess the effects of treatment with prasterone (dehydroepiandrosterone) on bone min-
eral density (BMD) in female patients with mild to moderate systemic lupus erythematosus (SLE)
receiving chronic treatment with glucocorticoids.

Methods. Fifty-five female patients with SLE who had received prednisone (or glucocorticoid
equivalent) < 10 mg/day for = 6 months were treated for 1 year with either prasterone 200 mg/day
(n = 24) or placebo (n = 31) in this randomized, double blind trial. Prasterone or placebo was added
to each patient’s one or more concomitant standard SLE medications, including glucocorticoids,
nonsteroidal antiinflammatory drugs, antimalarials, methotrexate, azathioprine, and other immuno-
suppressives, which were to be maintained at fixed doses for the duration of the study.

Results. BMD was significantly improved in patients who received prasterone compared to placebo.
At the lumbar spine, there was a mean (SEM) gain in BMD of 1.7 + 0.8% in the prasterone group
compared to a mean loss in BMD of —1.1 + 0.5% in the placebo group (p = 0.003 between groups).
For the total hip, mean gain was 2.0 + 0.9% in the prasterone group vs a mean loss of —0.3 + 0.4%
in the placebo group (p = 0.013 between groups). In the prasterone treatment group, the mean gains
from baseline at both lumbar spine and hip were statistically significant.

Conclusion. Prasterone treatment prevented BMD loss and significantly increased BMD at both the
lumbar spine and total hip in female patients with SLE receiving exogenous glucocorticoids.

(J Rheumatol 2005;32:616-21)
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Reduced bone mineral density (BMD) occurs in over 50%
of women with systemic lupus erythematosus (SLE) at some
time during the course of their disease'-2. While most often
attributable to treatment with glucocorticoids, inflammation
and tissue damage due to the disease process of lupus as
well as reduced mobility, avoidance of sun exposure, renal
dysfunction, premature ovarian failure, and other factors can
lead to bone loss, independent of glucocorticoid use in
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OSTEOPOROSIS

women with this disease!"1?. Chronic treatment with pred-
nisone doses as low as 5 mg/day is associated with increased
risk of femoral and vertebral fracture, and patients have
been reported to be at a 5-fold increased risk of osteoporot-
ic fractures!'12,

Dehydroepiandrosterone (DHEA) and its sulfated ester
DHEA-S are the principal circulating adrenal androgen
steroids in humans. Both are abundant in the fetal circula-
tion and remain relatively low from shortly after birth until
the onset of adrenarche at about 8 years of age. During
puberty, circulating concentrations are high, and peak
towards the end of the second decade of life. Circulating
DHEA and DHEA-S levels subsequently decline with age
so that by age 60, they are only about 25% of peak levels
achieved earlier in life!3.

DHEA and DHEA-S undergo conversion to other andro-
genic and estrogenic steroids on a tissue-specific basis, a
concept known as “intracrinology”!4. Endogenous DHEA
and DHEA-S may be important to maintenance of bone
mass through localized conversion in bone to active andro-
gens and/or estrogens as well as regulation of multiple path-
ways, including inflammatory cytokines and tissue growth
factors'>1©, Consistent with this hypothesis, women with
low endogenous circulating concentrations of DHEA and/or
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DHEA-S have been reported to be at increased risk of osteo-
porosis! 719,

Women with active SLE have low circulating levels of
DHEA-S, which are suppressed further by treatment with
exogenous glucocorticoids2%2!. Given that DHEA is a pre-
cursor for conversion in bone cells and osteoclast precursors
to active androgenic and estrogenic steroids and may be an
immunomodulator of bone cytokine production!d-1622-25,
we hypothesized that treatment with oral prasterone (the
United States Adopted Names Council designation for the
synthetic form of DHEA) would have a positive effect on
BMD in women with SLE who were receiving chronic treat-
ment with glucocorticoids.

We describe results of a double blind, placebo controlled
study assessing BMD changes in female lupus patients treat-
ed with glucocorticoids during 1 year of treatment with
prasterone or placebo. The investigation was conducted
prospectively at the selected investigator centers as a nested
study within a larger 381-patient phase III study that was

designed to assess effects of prasterone on overall lupus dis-

ease?0.

MATERIALS AND METHODS

The study was conducted at 8 investigator centers, which were selected for
BMD assessments as they had access to dual x-ray absorptiometry (DXA)
equipment (all used either densitometers from Hologic Inc., Bedford, MA,
or GE Lunar, Madison, WI, USA) and met specified quality control crite-
ria. Women with SLE at these 8 centers who had been treated with gluco-
cortioid medications chronically (see below) and met all other inclusion
criteria for the overall 381-patient study® underwent assessments of BMD
by DXA scanning of the lumbar vertebrae (either L1 or L2-L.4 depending
upon DXA equipment software) and the nondominant total hip at baseline
and at the end of up to 12 months of treatment with either prasterone 200
mg/day or placebo. Patient menopausal status and baseline T-scores were
not used as entry criteria. Patients were scanned on the same DXA instru-
ment at baseline and last visit, with the same software utilized for each
scan. As percentage change in BMD was the primary analysis and there
were no changes in equipment of software for DXA instrumentation used
for each patient, correction equations were not used to normalize DXA val-
ues between the different manufacturers. Each investigator site was pre-
qualified and required to provide prestudy and continuing phantom data for
quality control for review; a common phantom, however, was not circulat-
ed for cross-calibration during the study. All DXA scans were reread for
quality control by a central monitoring center (P. Schmeer, Northwest Bone
Densitometry Consultants, Renton, WA, USA).

Baseline assessments of lupus disease activity and health related quali-
ty of life included the SLE Disease Activity Index (SLEDAI), Systemic
Lupus Activity Measure (SLAM), Krupp Fatigue Severity Score (KFSS),
the Systemic Lupus International Collaborating Clinics (SLICC) Damage
Index, and patient and physician visual analog scales (VAS) of global dis-
ease assessment?7-30,

Patients undergoing BMD assessments were to have been treated with
glucocorticoids continuously for at least the immediate 6 months prior to
study entry and to have stable SLE disease activity at baseline, with no
changes in exogenous glucocorticoid or immunomodulatory medications
for at least 6 weeks prior to study entry. Physicians and patients were
instructed to make all efforts to keep doses of prednisone and other SLE
medications constant during the study. The protocol did not require modi-
fications of calcium or vitamin intake.

Total testosterone and estradiol were measured at Covance Inc.

(Indianapolis, IN, USA) using commercial radioimmunoassay test kits
(Diagnostic Products Corp., Los Angeles, CA, USA). Sensitivity of the
testosterone assay was 8 ng/dl with intra- and inter-assay coefficients of
variation (CV) ranging from 6% to 11%. Sensitivity of the estradiol assay
was 1.2 pg/ml with intra- and inter-assay CV ranging from 7% to 9%.

Statistical analyses were conducted using SAS software (SAS Institute,
Cary, NC, USA). A 2 tailed, paired t test was used for testing the percent-
age change in BMD from baseline within each treatment group. Analysis of
variance method was used to test between-treatment mean ditferences in
percentage changes in BMD from baseline using treatment group as a fac-
tor. Between-treatment comparisons for laboratory values were also per-
formed by ANOVA method.

The protocol was conducted in accord with the Declaration of Helsinki
and was approved by the institutional review board at each center. All
patients gave written informed consent.

Study populations and dispositions. Sixty-six patients underwent baseline
DXA assessments, of which 55 patients had both baseline and post-baseline
DXA assessments. Eight of the 66 patients (7 placebo and one prasterone
patient) had no post-baseline BMD measurements because of early discon-
tinuation of treatment. Reasons for discontinuation among the 7 placebo
treated patients were death (one patient), coronary artery disease, rash, lack
of efficacy, use of a prohibited medication (adrenocorticotropic hormone),
scheduling conflict, and loss to followup, respectively. One prasterone
treated patient was withdrawn from treatment by the investigator in order
that she start high dose glucocorticoid treatment for renal deterioration and
hypertension. Additionally, 3 patients (one placebo and 2 prasterone) com-
pleted the study, but because they were not taking glucocorticoids at base-
line (a protocol violation for the DXA portion of the study), the investiga-
tors chose not to conduct a last-visit DXA assessment. Among the remain-
ing 55 patients with pre- and post-baseline BMD assessments, 4 patients (2
placebo and 2 prasterone patients) were not taking glucocorticoids at base-
line (a protocol violation for the DXA portion of the study). However, an
intention-to-treat approach was used to include these 4 patients for study
reporting purposes.

Demographics for the 55 patients with baseline and post-baseline DXA
assessments are presented in Tables 1 and 2. Clinical imbalances were pres-
ent in some of the baseline variables, including estrogen use, antimalarials,
supplemental calcium use, and hip and lumbar spine T-scores, but with the
exception of calcium supplementation, all others favored the placebo treat-
ment group. None of the differences in baseline variables was statistically
significant between treatment groups (Table 2).

Table 1. Baseline characteristics. There were no statistically significant dif-
ferences between treatment groups in baseline characteristics.

Placebo,  Prasterone 200 mg,
n=31 n=24

Age, mean (SD) yrs 42.5(9.7) 452 (11.9)
Postmenopausal, n (%) 13 (42) 11 (46)
Prednisone use, n (%) 29 (94) 22 (92)
Prednisone mg/day, mean (SD) 6.3 (3.4) 5.8(2.9)
Estrogen use, n (%) 11 (36) 5(21)

(HRT or oral contraceptives) (8 HRT; 3 OC) (4 HRT; 1 OC)
Immunosuppressive use, n (%) 8 (20) 8 (33)
Antimalarials, n (%) 16 (52) 10 (42)
Calcitonin, n (%) 0(0) 0 (0)
Bisphosphonate, n (%) 2 (6) 2(8)
Calcium supplements, n (%) 6 (19) 8 (33)
Hip T-score, mean (SD) -0.884 (1.10)  -1.027 (1.07)
Lumbar spine T-score, mean (SD)  -0.658 (1.36)  -0.971 (1.10)

HRT: hormone replacement therapy. OC: oral contraceptive.
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Table 2. Mean (SD) baseline disease scores by treatment group. Higher scores reflect worse activity for each of
the scoring instruments. There were no statistically significant differences between treatment groups for any of

the baseline characteristics.

Measure Placebo, Prasterone 200 mg, p
n =31 n=24

Patient visual analog scale 51.0 (21.0) 60.1 (17.6) 0.096
Physician visual analog scale 37.7 (15.9) 35.3 (16.5) 0.591
SLE Disease Activity Index 8.2 (5.7) 7.0 (3.9) 0.379
Systemic Lupus International Collaborating Clinics/ 1.1 (1.3) 1.8 (1.8) 0.122
American College of Rheumatology Damage Index

Systemic Lupus Activity Measure 12.4 (2.7) 13.1 (2.1) 0.309
Krupp Fatigue Severity Scale 5.1(1.3) 54(1.4) 0.546

RESULTS

Primary BMD analysis. The primary analysis was conduct-
ed on the group of patients with paired baseline and post-
baseline BMD assessments (n = 55).

Significant differences between treatment groups for per-
centage change in BMD for both the lumbar spine and total
hip were present (Figure 1). Additionally, the mean percent-
age increases from baseline were statistically significant in
the prasterone treatment group at both the lumbar spine and
total hip, while there was a near-significant decline in BMD
at the lumbar spine and a significant reduction at the total
hip for the placebo treated group.

Supplementary BMD analyses. Among postmenopausal
patients, the mean (+ SEM) bone density of the lumbar spine
increased by 3.1 £ 1.3% in the prasterone group (n = 11)
compared to a decrease of 1.7 £ 1.2% in the placebo group
(n = 13) (p = 0.012 between groups). Bone density at the
total hip increased by 2.3 + 1.7% in the prasterone group
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Figure 1. Mean percentage (= SEM) changes in BMD by treatment group
for lumbar spine (L-spine) and total hip.

compared to a decrease of 0.59 + 0.6% in the placebo group
(p = 0.107 between groups).

Gains in mean percentage change in BMD were evident
in the prasterone treatment group regardless of whether
patients were receiving calcium supplements at baseline
(Figure 2) or exogenous estrogens (Figure 3).

Four of the patients with paired baseline and post-base-
line BMD assessments were not receiving treatment with
glucocorticoids at baseline, but were inadvertently enrolled
by investigators in the DXA portion of the study. Exclusion
of these patients from the analysis did not substantially
change the results, as statistically significant differences
between treatment groups remained at the lumbar spine and
total hip in favor of prasterone (data not shown).

The 11 patients who did not have a post-baseline DXA
were included with baseline values carried forward as last
observation carried forward. Thus, for each of these
patients, there would have been no change in BMD from
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Figure 2. Mean percentage (+ SEM) changes in BMD by treatment group
for lumbar spine (L-spine) and total hip by baseline calcium supplement
use.
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Figure 3. Mean percentage (= SEM) changes in BMD by treatment group
for lumbar spine (L-spine) and total hip by baseline use of exogenous estro-
gens.

baseline. With the inclusion of these patients, statistically
significant between-treatment differences were again pres-
ent in favor of prasterone at both the lumbar spine and total
hip (data not shown).

The p values for between-treatment comparisons for per-
centage change in spine BMD and percentage change in
total hip BMD remained statistically significant in favor of
prasterone when adjusted for baseline T-scores, menopausal
status, baseline use of hormone replacement therapy, pred-
nisone dose (< 5 mg/day; > 5 mg/day), and treatment group.
Serum hormone changes. As expected, testosterone and, to
a lesser extent, estradiol increased in patients treated with
prasterone (Table 3). There were no significant correlations,
however, between percentage changes in BMD and changes
in either testosterone or estradiol (data not shown).

DISCUSSION
We hypothesized that treatment with oral prasterone would

have positive effects on BMD in women with lupus treated
with glucocorticoids, as women with active SLE have low
circulating levels of DHEAZ2021 which is a precursor for
conversion in bone and other tissues to active androgenic
and estrogenic steroids!#13-2225 and may modulate bone
cytokine and insulin growth factor-1 (IGF-1) produc-
tion!5-16,

The study confirmed that oral prasterone prevented loss
of BMD and resulted in significant gains in BMD in patients
treated for up to 1 year, compared to patients who received
placebo.

BMD loss is a frequent occurrence in both pre- and post-
menopausal patients with SLE, particularly those taking
glucocorticoids'"19. Kipen, et al reported in their series that
about 40% of SLE patients were osteopenic by t score
defined criteria, while 10-15% were overtly osteoporotic!.
Bone loss in SLE is likely to be multifactorial, including dis-
ease activity, reduced physical activity, ovarian dysfunction,
avoidance of sun exposure, renal dysfunction, treatment
with glucocorticoids, other immunosuppressive agents or
other drugs, and miscellaneous other causes>!%:12,
Furthermore, circulating concentrations of adrenal andro-
gens, including DHEA and DHEA-S, are reduced in women
with active SLE, including those not taking glucocorti-
coids2021,

The adverse effects of glucocorticoids on bone metabo-
lism are well known. Unlike osteoporosis due to aging, how-
ever, which is primarily related to increased bone resorption,
the bone loss associated with glucocorticoids is primarily due
to decreased bone formation, as glucocorticoids have direct
effects on osteoblasts, including induction of apoptosis and
reduced osteoblastic function!®-31-33 Further, glucocorti-
coids promote bone loss via effects on multiple pathways,
such as inhibition of gastrointestinal absorption of calcium,
suppression of gonadotropin secretion, suppression of adre-
nal androgen secretion, increases in collagenase activity,
increased bone resorption, and enhanced osteoclastogenesis
through increases in the expression of RANK ligand
(RANK-L) and decreases in the expression of its decoy
receptor, osteoprotegerin and others3!-32,

Table 3. Mean/median (SD) serum testosterone and estradiol at baseline and changes from baseline to last visit.

Placebo, Prasterone 200 mg, P
n=21 n=19
Testosterone, ng/dl
Mean (SD) at baseline 14.0 (9.1) 24.0 (24.3) 0.086
Median at baseline 16.0 19.0
Mean (SD) change from baseline to last visit -0.43 (13.2) 40.6 (32.98) < 0.001
Median change from baseline to last visit -2.0 38.0

Estradiol, pg/ml
Mean (SD) at baseline
Median at baseline
Mean (SD) change from baseline to last visit
Median change from baseline to last visit

104.8 (114.7) 59.11 (75.4) 0.149

75.3 224
-12.3 (138.3) 5.4 (80.4) 0.629
0.3 15.2
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Androgens and estrogens decrease bone resorption but
may have different effects on bone formation. Estrogen
replacement therapy is usually associated with a decrease in
bone formation, while androgens may stimulate bone for-
mation!534, Raisz, et al?* compared bone metabolic
turnover parameters of postmenopausal women treated with
conjugated equine estrogens alone versus postmenopausal
women treated with combination therapy of conjugated
equine estrogens plus oral methyltestosterone. Both bone
formation and resorption markers declined in the estrogen-
only group. In the estrogen plus androgen group, however,
bone resorption markers also declined, but bone formation
markers (osteocalcin, bone-specific alkaline phosphatase,
and C-terminal procollagen peptide) increased. Gordon, et
al have also reported reductions in bone resorption markers
and increases in bone formation markers during treatment of
women with anorexia nervosa with oral prasterone3>-3°. We
did not assess bone markers, however, and it is not known
what changes in bone markers would occur in the setting of
women with SLE who are cotreated with prasterone and glu-
cocorticoids.

Only a few studies have addressed effects of prasterone
treatment on BMD or bone markers in humans3340, and
with one exception?, none has studied 200 mg/day DHEA
administered orally for a full year of therapy or in steroid
treated patients.

The increases in estradiol observed in postmenopausal
women in our study were similar to those reported for post-
menopausal women taking low-dose esterified estrogen
therapy*!. The effects of prasterone on bone may be direct
or mediated via its metabolism to androgenic or estrogenic
steroids by bone cells?>. DHEA and/or its downstream
metabolites may have other diverse effects in bone cells,
including suppression of resorptive cytokines such as inter-
leukin 6 (IL-6)!642, which is often elevated in patients with
lupus*>** and is an important mediator of RANK-L expres-
sion to stimulate osteoclastic bone resorption3343,

Bone is both a target and source of insulin growth factor,
its binding proteins, and proteases'>. Prasterone administra-
tion increases circulating IGF-1 levels in humans*®-4°, The
physiologic decline with age in circulating DHEA-S levels
in humans is associated with a decline in circulating IGF-I
levels and an increase in serum IL-6 levels, and it has been
speculated that DHEA deficiency may contribute to age
related bone loss through both anabolic (IGF-1) and antios-
teolytic (IL-6) mechanisms3!49-50,

Thus, we believe many of the positive effects of pras-
terone on BMD in women with lupus who are receiving
treatment with glucocorticoids can be explained on the basis
of some of the known physiologic effects of prasterone.

Significant and clinically meaningful effects of pras-
terone 200 mg/day on increasing bone mineral density in
women with SLE receiving chronic treatment with gluco-
corticoids were observed in this study. These effects were

notable at both the lumbar spine and total hip, although con-
current calcium and vitamin D supplements were not admin-
istered to most of the patients. Studies are under way to
investigate prasterone as a potential therapy for prevention
of steroid induced bone loss in women with SLE.

Note added in proof. Since completion of this 12-month
study, an additional double blind study compared BMD
changes among 155 SLE patients after 6 months of treat-
ment with prasterone 200 mg/day or placebo. No statistical-
ly significant differences were noted between the prasterone
and placebo groups at 6 months with regard to BMD
changes at the lumbar spine or total hip (Genelabs
Technologies, Inc., unpublished observations). Additional
12-month BMD data are being collected but are not avail-
able at this time.

REFERENCES

1. Kipen Y, Buchbinder R, Forbes A, Strauss B, Littlejohn G, Morand
E. Prevalence of reduced bone mineral density in systemic lupus
erythematosus and the role of steroids. J Rheumatol
1997;24:1922-9.

2. Sen D, Keen RW. Osteoporosis in systemic lupus erythematosus:
prevention and treatment. Lupus 2001;10:227-32.

3. Formiga F, Moga I, Nolla JM, Pac M, Mitjavila F, Roig-Escofet D.
Loss of bone mineral density in premenopausal women with
systemic lupus erythematosus. Ann Rheum Dis 1995;54:274-6.

4. Houssiau FA, Lefebvre C, Depresseux G, Lambert M, Devogelaer
JP, Nagant de Deuxchaisnes C. Trabecular and cortical bone loss in
systemic lupus erythematosus. Br J Rheumatol 1996;35:244-7.

5. Sinigaglia L, Varenna M, Binelli L, et al. Determinants of bone
mass in systemic lupus erythematosus: a cross sectional study on
premenopausal women. J Rheumatol 1999;26:1280-4.

6. Gilboe IM, Kvien TK, Haugeberg G, Husby G. Bone mineral
density in systemic lupus erythematosus: comparison with
rheumatoid arthritis and healthy controls. Ann Rheum Dis
2000;59:110-5.

7. Teichmann J, Lange U, Stracke H, Federlin K, Bretzel RG. Bone
metabolism and bone mineral density of systemic lupus
erythematosus at the time of diagnosis. Rheumatol Int
1999;18:137-40.

8. Redlich K, Ziegler S, Kiener HP, et al. Bone mineral density and
biochemical parameters of bone metabolism in female patients with
systemic lupus erythematosus. Ann Rheum Dis 2000;59:308-10.

9. Jardinet D, Lefebvre C, Depresseux G, Lambert M, Devogelaer JP,
Houssiau FA. Longitudinal analysis of bone mineral density in
pre-menopausal female systemic lupus erythematosus patients:
deleterious role of glucocorticoid therapy at the lumbar spine.
Rheumatology Oxford 2000;39:389-92.

10. Canalis E, Giustina A. Glucocorticoid-induced osteoporosis:
summary of a workshop. J Clin Endocrinol Metab 2001;86:5681-5.

11.  Van Staa TP, Leufkens HG, Abenhaim L, Zhang B, Cooper C. Use
of oral corticosteroids and risk of fractures. J Bone Miner Res
2000;15:993-1000.

12. Ramsey-Goldman R, Dunn JE, Huang CF, et al. Frequency of
fractures in women with systemic lupus erythematosus: comparison
with United States population data. Arthritis Rheum
1999;42:882-90.

13. Orentreich N, Brind JL, Rizer RL, Vogelman JH. Age changes and
sex differences in serum dehydroepiandrosterone sulfate
concentrations throughout adulthood. J Clin Endocrinol Metab
1984:59:551-5.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved. |—

620

The Journal of Rheumatology 2005; 32:4

Downloaded on March 13, 2024 from www.jrheum.org


http://www.jrheum.org/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Labrie F, Belanger A, Simard J, Van L-T, Labrie C. DHEA and
peripheral androgen and estrogen formation: intracrinology. Ann
NY Acad Sci 1995;774:16-28.

Gordon CM, Glowacki J, LeBoff MS. DHEA and the skeleton
(through the ages). Endocrine 1999;11:1-11.

Gordon CM, LeBoff MS, Glowacki J. Adrenal and gonadal steroids
inhibit IL-6 secretion by human marrow cells. Cytokine
2001;16:178-86.

Nordin BE, Robertson A, Seamark RF, et al. The relation between
calcium absorption, serum dehydroepiandrosterone, and vertebral
mineral density in postmenopausal women. J Clin Endocrinol
Metab 1985;60:651-7.

Taelman P, Kaufman JM, Janssens X, Vermeulen A. Persistence of
increased bone resorption and possible role of dehydroepi-
androsterone as a bone metabolism determinant in osteoporotic
women in late post-menopause. Maturitas 1989;11:65-73.
Szathmari M, Szucs J, Feher T, Hollo I. Dehydroepiandrosterone
sulphate and bone mineral density. Osteoporos Int 1994:4:84-8.
Lahita RG, Bradlow HL, Ginzler E, Pang S, New M. Low plasma
androgens in women with systemic lupus erythematosus. Arthritis
Rheum 1987;30:241-8.

Hedman M, Nilsson E, de la Torre B. Low sulpho-conjugated
steroid hormone levels in systemic lupus erythematosus. Clin Exp
Rheumatol 1989;7:583-8.

Kasperk CH, Wakley GK, Hierl T, Ziegler R. Gonadal and adrenal
androgens are potent regulators of human bone cell metabolism in
vitro. J Bone Miner Res 1997;12:464-71.

Nawata H, Tanaka S, Tanaka S, et al. Aromatase in bone cell:
association with osteoporosis in postmenopausal women. J Steroid
Biochem Mol Biol 1995;53:165-74.

Yanase T, Suzuki S, Goto K, et al. Aromatase in bone: roles of
Vitamin D3 and androgens. J Steroid Biochem Mol Biol
2003;86:393-7.

Schmidt M, Kreutz M, Loffler G, Scholmerich J, Straub RH.
Conversion of dehydroepiandrosterone to downstream steroid
hormones in macrophages. J Endocrinol 2000;164:161-9.

Petri MA, Mease PJ, Merrill JT, et al. Effects of prasterone on
disease activity and symptoms in women with active systemic
lupus erythematosus — results of a multicenter, randomized,
double-blind, placebo-controlled trial. Arthritis Rheum
2004;50:2858-68.

Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH.
Derivation of the SLEDALI. A disease activity index for lupus
patients. The Committee on Prognosis Studies in SLE. Arthritis
Rheum 1992;35:630-40.

Liang MH, Socher SA, Larson MG, Schur PH. Reliability and
validity of six systems for the clinical assessment of disease activi-
ty in systemic lupus erythematosus. Arthritis Rheum 1989;32:1107-
18.

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The Fatigue
Severity Scale. Application to patients with multiple sclerosis and
systemic lupus erythematosus. Arch Neurol 1989;46:1121-23.
Gladman D, Ginzler E, Goldsmith C, et al. Systemic Lupus
International Collaborative Clinics: development of a damage index
in systemic lupus erythematosus. J Rheumatol 1992;19:1820-1.
Weinstein RS, Manolagas SC. Apoptosis and osteoporosis. Am

J Med 2000;108:153-64.

Canalis E, Delany AM. Mechanisms of glucocorticoid action in
bone. Ann NY Acad Sci 2002;966:73-81.

Manolagas SC. Birth and death of bone cells: basic regulatory
mechanisms and implications for the pathogenesis and treatment of
osteoporosis. Endocr Rev 2000;21:115-37.

Raisz LG, Wiita B, Artis A, et al. Comparison of the effects of
estrogen alone and estrogen plus androgen on biochemical markers

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

of bone formation and resorption in postmenopausal women. J Clin
Endocrinol Metab 1996;81:37-43.

Gordon CM, Grace E, Emans SJ, Goodman E, Crawford MH,
Leboff MS. Changes in bone turnover markers and menstrual
function after short-term oral DHEA in young women with
anorexia nervosa. J] Bone Miner Res 1999;14:136-45.

Gordon CM, Grace E, Emans SJ, et al. Effects of oral
dehydroepiandrosterone on bone density in young women with
anorexia nervosa: a randomized trial. J Clin Endocrinol Metab
2002;87:4935-41.

Labrie F, Diamond P, Cusan L, Gomez JL, Belanger A, Candas B.
Effect of 12-month dehydroepiandrosterone replacement therapy on
bone, vagina, and endometrium in postmenopausal women. J Clin
Endocrinol Metab 1997;82:3498-505.

Morales AJ, Haubrich RH, Hwang JY, Asakura H, Yen SS. The
effect of six months treatment with a 100 mg daily dose of
dehydroepiandrosterone (DHEA) on circulating sex steroids, body
composition and muscle strength in age-advanced men and women.
Clin Endocrinol Oxf 1998:49:421-32.

van Vollenhoven RF, Park JL, Genovese MC, West JP, McGuire JL.
A double-blind, placebo-controlled, clinical trial of
dehydroepiandrosterone in severe systemic lupus erythematosus.
Lupus 1999;8:181-7.

Baulieu EE, Thomas G, Legrain S, et al. Dehydroepiandrosterone
(DHEA), DHEA sulfate, and aging: contribution of the DHEAge
Study to a sociobiomedical issue. Proc Natl Acad Sci USA
2000;97:4279-84.

Genant HK, Lucas J, Weiss S, et al. Low-dose esterified estrogen
therapy: effects on bone, plasma estradiol concentrations,
endometrium, and lipid levels. Estratab/Osteoporosis Study Group.
Arch Intern Med 1997;157:2609-15.

Straub RH, Konecna L, Hrach S, et al. Serum dehydroepi-
androsterone (DHEA) and DHEA sulfate are negatively correlated
with serum interleukin-6 (IL-6), and DHEA inhibits IL-6 secretion
from mononuclear cells in man in vitro: possible link between
endocrinosenescence and immunosenescence. J Clin Endocrinol
Metab 1998;83:2012-7.

Linker-Israeli M, Deans RJ, Wallace DJ, Prehn J, Ozeri-Chen T,
Klinenberg JR. Elevated levels of endogenous IL-6 in systemic
lupus erythematosus. A putative role in pathogenesis. J Immunol
1991;147:117-23.

Zietz B, Reber T, Oertel M, Gluck T, Scholmerich J, Straub RH.
Altered function of the hypothalamic stress axes in patients with
moderately active systemic lupus erythematosus. II. Dissociation
between androstenedione, cortisol, or dehydroepiandrosterone and
interleukin 6 or tumor necrosis factor. J] Rheumatol 2000;27:911-8.
O’Brien CA, Lin SC, Bellido T, Manolagas SC. Expression levels
of gp130 in bone marrow stromal cells determine the magnitude of
osteoclastogenic signals generated by IL-6-type cytokines. J Cell
Biochem 2000;79:532-41.

Yen SS, Laughlin GA. Aging and the adrenal cortex. Exp Gerontol
1998;33:897-910.

Villareal DT, Holloszy JO, Kohrt WM. Effects of DHEA
replacement on bone mineral density and body composition in
elderly women and men. Clin Endocrinol Oxf 2000;53:561-8.
Casson PR, Santoro N, Elkind-Hirsch K, et al. Postmenopausal
dehydroepiandrosterone administration increases free insulin-like
growth factor-I and decreases high-density lipoprotein: a six-month
trial. Fertil Steril 1998;70:107-10.

Bellido T, Jilka RL, Boyce BF, et al. Regulation of interleukin-6,
osteoclastogenesis, and bone mass by androgens. The role of the
androgen receptor. J Clin Invest 1995;95:2886-95.

Manolagas SC, Kousteni S, Jilka RL. Sex steroids and bone. Recent
Prog Horm Res 2002;57:385-409.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2005. All rights reserved. |—

Mease, et al: Prasterone and BMD in SLE

621

Downloaded on March 13, 2024 from www.jrheum.org


http://www.jrheum.org/

