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ABSTRACT. Objective. To study bone mineral density (BMD) in premenopausal women with systemic lupus
erythematosus (SLE) and to evaluate the influence of disease activity and use of corticosteroids.
Methods. A cross-sectional study on BMD of 118 premenopausal women with SLE. Patients were
divided into 2 groups, 74 who had been treated with corticosteroids and 44 who had not. BMD at
lumbar spine, femoral neck, and trochanter was measured.
Results. BMD in patients without and with corticosteroid treatment was 1.13 ± 0.13 vs 1.05 ± 0.14
g/cm2 (p = 0.005) at lumbar spine, 0.92 ± 0.12 vs 0.86 ± 0.12 g/cm2 (p = 0.005) at femoral neck, and
0.78 ± 0.13 vs 0.72 ± 0.12 g/cm2 (p = 0.014) at trochanter, respectively. Stepwise multilinear regression analysis showed that corticosteroid exposure was independently associated with decreased
BMD in the corticosteroid treated patients (r2 = 7% for lumbar and 6.6% for trochanter model). No
significant difference in BMD in corticosteroid treated patients appeared when they were
subgrouped according to whether they were taking calcium supplements. Prevalence of osteoporosis
at lumbar spine in corticosteroid treated patients was 1.4%, and was lower than reported for age and
sex matched Caucasians.
Conclusion. BMD measurements were significantly lower in premenopausal SLE patients who had
had corticosteroid treatment than those who had not. There was a negative correlation between BMD
and corticosteroid therapy, but not disease activity. Prevalence of osteoporosis, based on lumbar
spine BMD, was lower than that reported in Caucasians. (J Rheumatol 2003;30:2365–8)
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Over recent decades, the life expectancy of patients with
systemic lupus erythematosus (SLE) has improved dramatically1. This raises new concerns about drug induced side
effects including premature menopause, late malignancy,
accelerated atherosclerosis, and osteoporosis. Bone loss
leading to fracture is associated with longterm morbidity
and increased mortality2. Prolonged steroid therapy is
known to increase the development of osteoporosis and
fractures3,4. Research conducted predominantly in rheumatoid arthritis (RA) has shown that corticosteroids have a
significant role in the loss of bone mass5-7. Although the
effect of disease activity and corticosteroid therapy on bone
mineral density (BMD) in patients with SLE has been
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assessed, most studies have been confined to the Caucasian
population and the conclusions have been conflicting8-12.
Evidence is now growing that calcium homeostasis and
the effects of declining BMD are affected by ethnicity13-16.
Further, the decline in BMD varies among different ethnic
groups14. To evaluate the effects of longterm corticosteroid
therapy on BMD and the prevalence and severity of bone
loss, we studied a group of premenopausal women of Thai
descent with SLE.
MATERIALS AND METHODS
Patients. A group of 118 premenopausal Thai women with SLE were clinically evaluated and underwent BMD measurement. They attended the
rheumatology outpatient clinic at the Bangkok Metropolitan
Administration Medical College and Vajira Hospital. All patients fulfilled
the revised criteria of the American College of Rheumatology for the classification of SLE17. They were ambulatory, physically active, and in functional class 1 or 2 using the criteria of Steinbrocker18. The duration of
disease, daily and cumulative prednisolone doses, and the duration of prednisolone therapy were obtained through comprehensive review of medical
records. All patients were nonsmokers. Exclusion criteria were as follows:
renal impairment (serum creatinine > 2 mg/dl); use of any medication
known to affect bone metabolism, with the exception of calcium supplements and corticosteroids (i.e., anticoagulants, barbiturates, calcitonin,
thiazides, estrogenic hormones); transient amenorrhea lasting > 2 months;
or hyperthyroidism. Lupus disease activity and severity also were evaluated19 by the SLE Disease Activity Index20 and a simple severity of disease
index for SLE19, respectively. The patients were divided into 2 groups.
Group 1 included 44 patients who had never taken prednisolone. Group 2
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Statistical analysis. Data were expressed as mean ± standard deviation.
Demographic and clinical characteristics of patients were compared using
unpaired t tests for continuous variables and the chi-square statistic for
proportions. Correlations between clinical and demographic characteristics
with lumbar spine and proximal femur (femoral neck and trochanter) BMD
were evaluated using Pearson correlation coefficient for continuous variables. A stepwise multiple linear regression model assessed the independent
effects of corticosteroid related variables (mean daily dose, duration of
treatment, cumulative dose) and disease related variables (disease duration,
disease activity, disease severity, calcium supplements) on the change in the
lumbar spine and proximal femur BMD. P value < 0.05 was considered
statistically significant. All analyses were performed using SPSS for
Windows v.10 (SPSS, Chicago, IL, USA).

therapy. BMD measures in prednisolone treated patients
were significantly lower at the lumbar spine and proximal
femur than the non-prednisolone patients. Pearson correlation coefficient in prednisolone treated patients showed
BMD was correlated to prednisolone treatment (average
daily dose, cumulative dose, or duration of treatment), but
not to duration of disease, severity of disease, and disease
activity (Table 2). The stepwise method was used to select
significant variables affecting BMD. The results (Table 3)
showed that only cumulative dose was significant and
entered in the model for BMD at lumbar spine, and duration
of treatment was the only variable to be selected in the
model for BMD at trochanter. No variable was significant to
be selected into the model for BMD at the neck. However,
the coefficient of determination (r2) in both models was very
low, only 7% for lumbar spine and 6.6% for trochanter.
We further compared BMD in prednisolone treated
patients subgrouped according to calcium supplement
status. There was no difference in BMD between both
subgroups. There was only one prednisolone treated patient
with lumbar spine BMD 2.5 below that of healthy young
controls. It was not present in any of the 44 non-prednisolone treated patients. The frequency of osteoporosis at
the lumbar spine in prednisolone treated patients was 1.4%
and frequency of osteopenia according to WHO criteria21
was 6.8–32.4%.

RESULTS
Demographic data of the 74 SLE patients with prednisolone
therapy and 44 patients without prednisolone as controls are
shown in Table 1. The clinical characteristics of the patients
did not differ significantly between the groups. Disease
activity was greater in the non–prednisolone patients. This
was probably related to the absence of glucocorticoid

DISCUSSION
Consistent with the majority of studies evaluating
Caucasians, this study has shown that BMD is significantly
lower in both cortical and trabecular sites in premenopausal
Thai patients with SLE taking chronic prednisolone therapy.
Meaningful comparison between our study and others is
limited because of differences in populations with respect to

included 74 patients who had been treated with prednisolone. Thirty-one of
the 74 prednisolone treated patients had been arbitrarily receiving calcium
supplement (calcium carbonate 1000 mg/day) before commencement of
this study (mean duration 6 ± 2.5 mo). The effect of calcium supplementation on BMD was analyzed separately by subgrouping prednisolone treated
patients into those receiving (n = 31) and not receiving (n = 43) calcium
supplement.
Bone density measurements. BMD (g/cm2) of the lumbar spine (L2–L4)
and left hip (femoral neck, trochanter) was measured by dual energy x-ray
absorptiometry (DEXA) with a Lunar DPX-L (Lunar Radiation Corp.,
Madison, WI, USA ). The coefficients of variation in a phantom were 0.5%
for lumbar spine and 1.3% for the hip. Osteoporosis was defined using
WHO criteria21. Multivariable data analysis determined factors related to
BMD at lumbar, neck, and trochanteric area. All treated patients were
included to determine the strength of association between BMD and other
factors, i.e., daily dose of prednisolone, duration of treatment, cumulative
dose, disease duration, disease activity and severity, and calcium supplement.

Table 1. Characteristics of patients with SLE (mean ± SD).
SLE without Prednisolone, n = 44
Age, yrs (range)
Weight, kg
Height, m
BMI, kg/m2
Disease duration, mo (range)
Duration of pred, mo (range)
Mean dose, mg/day (range)
Cumulative dose, mg (range)
Disease activity† (range)
Disease severity†† (range)
Function class
1
2
Lumbar BMD, g/cm2
Femoral BMD, g/cm2
Neck
Trochanter
†

SLE with Prednisolone, n = 74

p

33.98 ± 7.88 (18–49)
51.89 ± 7.99
1.54 ± 5.44
22.06 ± 3.03
17.08 ± 25.77 (4.5–120)
—
—
—
7.93 ± 5.97 (0–24)
2.20 ± 1.29 (1–6)

31.82 ± 8.08 (16–49)
53.70 ± 10.31
1.54 ± 0.06
22.77 ± 4.38
30.34 ± 31.58 (4.5–120)
19.00 ± 23.37 (0.5–120)
18.73 ± 15.89 (2.5–60)
5228 ± 5172 (140–27,000)
2.88 ± 4.12 (0–16)
2.11 ± 0.97 (1–5)

0.161
0.318
0.929
0.342
0.015*

33
11
1.126 ± 0.126

55
19
1.053 ± 0.140

0.005*

0.918 ± 0.118
0.777 ± 0.125

0.859 ± 0.115
0.717 ± 0.120

0.005*
0.014*

< 0.001*
0.646
0.804

SLE Disease Activity Index (SLEDAI)20. †† Severity of disease index for SLE19.
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Table 2. Correlations between corticosteroid and BMD.

Daily dose
p
n
Drug duration
p
n
Cumulative dose
p
n
Disease duration
p
n
Disease activity
p
n
Disease severity
p
n

Lumbar Spine

Femoral Neck

Trochanter

0.230
0.048
74
–0.202
0.085
74
–0.264
0.023
74
–0.038
0.745
74
0.060
0.612
74
–0.020
0.868
74

0.102
0.392
73
–0.206
0.081
73
–0.157
0.186
73
–0.163
0.169
73
–0.029
0.808
73
–0.032
0.786
73

0.242
0.042
71
–0.256
0.031
71
–0.219
0.067
71
–0.117
0.333
71
0.032
0.788
71
–0.008
0.950
71

disease variables (activity and duration of disease), prednisolone therapy (indication for treatment, dose and duration), and type of controls. Many studies show that SLE
patients taking prednisolone have decreased BMD
compared with controls9,10,12,22-24. In the study of Pons, et
al11 no difference could be found for BMD at either lumbar
spine or femoral neck between controls, SLE patients who
had never received corticosteroids, and SLE patients taking
corticosteroids. In our study, trabecular (lumbar spine,
trochanter) and cortical (neck) bone mass was significantly
reduced in prednisolone treated patients compared with
controls, in agreement with studies by Formiga, et al10 and
Li, et al24, but not Houssiau, et al12 (only trabecular bone).
The effects of corticosteroids on bone loss observed in
SLE have been widely studied, yet several studies9,10,24 have
failed to find a correlation between BMD and steroid
therapy. In contrast, our data support the negative effect of
corticosteroids on bone mass in patients with SLE (Table 2).
We found that both cumulative dose and duration of prednisolone treatment significantly and negatively affected
BMD at lumbar spine and trochanter. However, our multivariable models were only able to predict a small proportion
of the overall variance. Short duration of treatment (only 19
months), lack of habitual exercise, and insufficient sample
size likely influenced this finding. Importantly, trabecular

bone is much more sensitive to corticosteroid than cortical
bone25, which probably explains the correlation we observed
between BMD and both steroid duration and cumulative
corticosteroid intake at the lumbar and trochanteric sites, but
not at the neck site (Table 3).
In our study in prednisolone treated patients with SLE,
using standard criteria based on lumbar spine BMD, prevalence of osteoporosis was low at only 1.4%. This was lower
than results reported by Formiga, et al10 (12%) and Pons, et
al11 (18%) in similar-aged groups, yet comparable to findings from Li, et al24 (4–6%). Osteoporosis in prednisolone
treated patients was found only at the lumbar spine. In
contrast, the frequency of osteopenia in this study
(6.8–32.4%) is comparable to those reported in Caucasian
populations (25%)9 and Chinese (32%)24. The lower
frequency of osteoporosis in our study compared to earlier
reports is unlikely to be due to differences in daily prednisolone treatment (18.7 vs 15 mg/day, respectively), but
may be due to differences in cumulative doses (5.2 g vs 25.2
g)19 or duration of treatment (19.0 mo vs 59.9 mo). In the
study of Li, et al24, a lower frequency than that reported in
Caucasians was observed in steroid treated SLE patients.
There was no difference in prednisolone therapy with
respect to mean daily dose and duration of treatment10,11.
Moreover, there are several factors showing that calcium
hemostasis is different in Thais compared to other ethnic
groups14-16,26. It is possible that the interethnic difference in
calcium homeostasis, through effects on BMD, may in part
explain the lower rate of osteoporosis in Thai SLE patients
using corticosteroids compared with those reported in
Caucasians.
In our study, prednisolone treated SLE patients arbitrarily
receiving calcium supplements did not have significantly
different BMD measures compared with patients not
receiving calcium in unmatched and matched groups. First,
this may be due to the duration of calcium treatment in our
study, which was only 6 months and which is significantly
shorter than most treatment periods for interventional trials
in BMD27. Second, the duration of prednisolone treatment in
both groups was 22.4 ± 26.7 and 14.3 ± 17.1 mo when corticosteroid-related bone loss was greatest in the Caucasian
population after 12–18 months11,28. Third, Thai people have
a low calcium intake, about one-third that reported in
Caucasians26. Fourth, studies have shown that rates of bone
loss may be affected by ethnicity13-16. Finally, the lack of
association between calcium supplements and BMD might

Table 3. Regression coefficient from stepwise multiple linear regression for BMD at lumbar spine and trochanter.
Selected Variable
Constant
Cumulative glucocorticoid dose
Duration of glucocorticoid treatment
R2

Lumbar Spine

Femoral Neck

Trochanter

1.090
–7.13 × 10-6
—
0.070

—
—
—
—

0.742
—
–1.31 × 10-3
0.066
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also be a result of the sample size not being large enough to
reveal a small difference.
In summary, consistent with studies in Caucasians, we
found that premenopausal SLE patients that had been
treated with prednisolone had significantly lower BMD than
controls. Based on preliminary data, our findings of only
modest prevalence of corticosteroid induced osteoporosis
compared to Caucasians provide further evidence of ethnic
and geographic differences in the factors controlling BMD.
Further studies are needed to examine this hypothesis.
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