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Self-Reported Fractures and Associated Factors in
Women with Systemic Lupus Erythematosus
CHIN LEE, ORIT ALMAGOR, DOROTHY D. DUNLOP, SUSAN MANZI, STEWART SPIES,
and ROSALIND RAMSEY-GOLDMAN

ABSTRACT. Objective. To determine the frequency of fractures and associated factors in women with systemic lupus
erythematosus (SLE).
Methods. Women with SLE (n = 304) completed this cross-sectional study conducted from 1996 to
2002. Self-reported fractures occurring after the diagnosis of SLE were evaluated. Hip and/or lumbar
spine bone mineral density (BMD) was measured using dual-energy x-ray absorptiometry, and the
results were expressed as BMD Z-scores. Multiple logistic regression analyses were performed to iden-
tify factors associated with fractures.
Results. Of the 304 women with SLE, 12.5% experienced fractures. Those with fractures had signifi-
cantly lower BMD Z-scores at the hip (Fracture group –0.55 vs No Fracture group –0.14, group differ-
ence 0.41; 95% CI 0.04 to 0.78), but not at the lumbar spine (Fracture group –0.25 vs No Fracture group
–0.18, group difference 0.07; 95% CI –0.43 to 0.57). Among women with fractures, 60.5% and 63.2%
had normal BMD Z-scores (BMD Z-score > –1.0) at the hip and lumbar spine, respectively, and 50.0%
had normal BMD Z-scores at both anatomical sites. In multiple logistic regression analysis, each year
of disease duration (adjusted OR 1.11; 95% CI 1.05 to 1.17) and use of osteoporosis medications
(adjusted OR 4.75; 95% CI 1.62 to 13.94) were significantly associated with fractures.
Conclusion. Longer duration of SLE and use of osteoporosis medications were significantly associat-
ed with fractures. Although women with fractures had significantly lower BMD Z-scores at the hip, an
unexpectedly high proportion of women with SLE having normal BMD Z-score experienced fractures
following SLE diagnosis. (First Release Sept 1 2007; J Rheumatol 2007;34:2018–23)
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Women with systemic lupus erythematosus (SLE) are at
increased risk for fractures as compared to the general popu-
lation. In larger studies, the prevalence of self-reported frac-
tures in SLE ranges from 9.1%1 to 12.3%2, and the occurrence
of radiographically identified vertebral fractures is as high as
20%3. Traditional osteoporosis risk factors, such as older age
and postmenopausal status, are associated with reduced bone
mineral density (BMD) in SLE1 and likely contribute to frac-
ture risk. Similarly, nontraditional SLE-related factors, such
as prolonged use of corticosteroid therapy, may also elevate
fracture risk.

Most prior investigations in SLE have examined factors
related to reduced bone mass, including presence of osteo-
porosis based on BMD measurements4-9. By comparison,
there are limited data on factors associated with fractures in
patients with SLE. Given the increased incidence of SLE
and longer survival among SLE patients10, along with the
growing concern over the longterm morbidities related to
SLE11, identification of risk factors associated with fracture
events in SLE is needed. We examined the relationship of
both traditional osteoporosis risk factors and SLE-related
factors in women with and without fractures having estab-
lished SLE.
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MATERIALS AND METHODS
Participants. Women with SLE (n = 304) were recruited from the Chicago
Lupus Database (n = 225) and Pittsburgh Lupus Registry (n = 79) from 1996
to 2002 for this cross-sectional study. All women met at least 4 American
College of Rheumatology (ACR) classification criteria of SLE12,13.
Institutional review boards at the Chicago and Pittsburgh study centers
approved the protocol, and all participants provided informed written consent
prior to study participation. Patients attended a single clinic visit that includ-
ed an interview, physical examination, and BMD measurements of the hip
and/or lumbar spine.

Fracture ascertainment. Data on self-reported fracture(s) occurring after SLE
diagnosis were collected at the study visit, and fractures were verified using
available medical records, which included clinic notes and radiographic
reports14. Of the 39 women with self-reported fractures following SLE diag-
nosis, medical records were available for 26 (66.7%) women to ascertain the
veracity of their fractures. Of the 26 women with self-reported fractures for
whom sufficient medical records were available, fractures were confirmed in
24 (92.3%); there were inadequate medical records to verify the self-reported
fracture for one woman, and we determined that another woman did not have
a fracture based on her medical records, which included radiographic data.
Therefore a total of 38 women with fractures were included in our analysis.

Traditional osteoporosis risk factors and SLE-related factors.
Study participants provided information on traditional factors related to
osteoporosis, including self-designated race/ethnicity, age (age at SLE diag-
nosis, age at study visit, age at menopause) premenopausal or post-
menopausal status, lifestyle factors (current smoking status, use of caffeine,
use of alcohol), use of hormone preparations, calcium and vitamin D intake,
use of medications, including use of osteoporosis medication(s) (etidronate,
alendronate, calcitonin), thyroid hormones, diuretics, and anti-epileptics.
Postmenopausal status was based on age of 50 years or greater with the last
menses more than 1 year ago or if the participant reported a history of prior
complete hysterectomy-oophorectomy. If age was less than 50 years, but there
was a history of irregular menses or partial hysterectomy (i.e., hysterectomy
without oophorectomy), we confirmed postmenopausal status via serum fol-
licular-stimulating hormone measurement.

Information on potential SLE-related factors, including history and duration
of SLE renal involvement defined using the 1982 revised ACR SLE classifica-
tion criteria12 or having a positive renal biopsy or duration of SLE cumulative
disease damage as measured by the Systemic Lupus International Collaborating
Clinics/American College of Rheumatology Cumulative Disease Damage
Index (SLICC/ACR DI)15, modified by excluding the osteoporosis/fracture
item (1 point) from a possible maximum score of 46, were collected. We col-
lected data on use of hydroxychloroquine and corticosteroids including any cor-
ticosteroid use in the past, current use of corticosteroids, current daily corticos-
teroid dose, and duration of corticosteroid use. For standardization, all corti-
costeroid preparations were converted to prednisone equivalents.

Bone mineral density measurements. BMD measurements of the hip (n = 297)
and lumbar spine (n = 302) were obtained by dual-energy x-ray absorptiom-
etry (DXA) using the Hologic QDR-4500 (Hologic, Chicago, IL, USA) or the
Hologic QDR-2000 (Hologic, Pittsburgh, PA, USA). Total hip BMD meas-
urement was performed, and the anteroposterior lumbar spine was measured
from L1 to L4 to calculate the mean lumbar spine BMD. All BMD values
(g/cm2) were expressed as BMD Z-scores using the National Health and
Nutrition Examination Survey age and race/ethnicity-specific female refer-
ence data applied to the BMD values from both study centers. For this study,
normal BMD was defined as a BMD Z-score > –1.0.

Quality control. To assess intra- and inter-instrument variations of the 2 den-
sitometers, we measured femur and lumbar spine phantoms on machines at
both the Chicago and Pittsburgh study centers. Block phantoms of standard-
ized densities were performed daily to test variation in system linearity16. The
intra-instrument coefficients of variation were less than 0.56% for the lumbar
spine, 0.46% for the femur, and 0.44% for the block phantoms. The lumbar
spine phantom measurement was 4% higher with the Hologic QDR-2000 as
compared with the Hologic QDR-4500 model. Data analyses used uncorrect-

ed lumbar spine measurements, but sensitivity analyses using a 4% correction
factor applied to the lumbar spine measurement obtained in women from the
Pittsburgh Lupus Registry produced similar results.

Data analysis. All statistical testing used a 2-sided nominal α = 0.05 level.
Differences between women in the “Fracture” and “No Fracture” groups and
the associated 95% confidence intervals (CI) were calculated for traditional
osteoporosis risk factors and SLE-related factors; 95% CI excluding zero
indicated significant differences. Univariate logistic regression was used to
screen traditional osteoporosis risk factors and SLE-related factors of low
BMD to identify the most relevant (p < 0.05) factors associated with fractures
for inclusion in a multiple logistic regression model. A total of 32 factors
underwent univariate screening. Significant factors selected by univariate
screening were evaluated for multicollinearity. We determined the strength of
correlation between factors that had a significant association with low BMD
in the screening. In order to avoid multicollinearity, we parsimoniously select-
ed a single factor most strongly associated with low BMD among those fac-
tors correlating (r ≥ 0.50) with one or more other factor(s) for inclusion in our
final multiple logistic regression model, which also included study center
(Chicago/Pittsburgh recruitment study centers), a design variable. Results of
the multiple logistic regression model are presented as adjusted odds ratios
with corresponding 95% CI. Statistical analyses were completed using SAS
version 9 (SAS Institute, Cary, NC, USA).

RESULTS
Of the 304 women with SLE, 38 women (12.5%) reported
fractures following the diagnosis of SLE. There were 8 ankle,
6 spine, 5 rib, 5 wrist, 3 foot, 3 leg, 3 at other unspecified sites,
2 upper arm fractures, and 1 fracture of the pelvis, lower arm,
and heel. Among women with fractures, 26 had a single frac-
ture and of the 12 women with more than one fracture, 8
women had 2 fractures, while 3 women had 3 fractures, and
one woman had 4 fractures.

Traditional osteoporosis risk factors. A comparison of tradi-
tional osteoporosis risk factors between women with and
without fractures is shown in Table 1. Women with and with-
out fractures were similar in their mean ages at SLE diagno-
sis. However, women with fractures were older at study visit
and their mean age ± SD at the time of their fracture(s) was
42.0 ± 14.9 years. Additionally, a lower proportion of women
with fractures were premenopausal, but the mean age at
menopause was similar to women without fractures (Fracture
= 43.0 ± 9.4 vs No Fracture = 40.6 ± 8.3 yrs; group difference
2.4, 95% CI –1.4 to 6.1). In terms of racial distribution, 76.3%
of all women reporting fractures were White/Caucasian, and
there were no significant group differences in the proportion
of women with fractures among either Whites/Caucasians
(Fracture = 76.3% vs No Fracture = 71.1%; group difference
5.2%, 95% CI –9.3% to 19.8%) or Blacks/African-Americans
(Fracture = 23.7% vs No Fracture = 22.9%; group difference
0.08%, 95% CI –13.7% to 15.2%). However, there was a statis-
tically significant difference between the proportions of
Hispanic women with and without fractures (Fracture = 0.0%
vs No Fracture = 6.0%; group difference –6.0%, 95% CI –8.9%
to –3.2%). There were no significant group differences
observed for lifestyle factors, but a greater proportion of women
with fractures had taken female hormones, daily calcium, thy-
roid hormones, osteoporosis medications, and diuretics.
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SLE-related factors. In terms of SLE related factors, women
with fractures had longer mean disease duration, higher mean
SLICC/ACR DI, and longer duration of corticosteroid use, as
presented in Table 2. No significant group differences were
seen with regard to the proportion of women with past use of
hydroxychloroquine, current use of corticosteroids, or current

dose of corticosteroid [median daily corticosteroid dose
(range): Fracture = 4.0 mg/day (0 to 20 mg/day) vs No
Fracture = 5.0 mg/day (0 to 60 mg/day)]. A significantly
greater proportion of women with fractures had SLE renal dis-
ease and had past use of corticosteroid.

Bone mineral densitometry measurements. Based on available

Table 1. Traditional osteoporosis risk factors in 304 women with SLE with and without fractures.

Fracture Group, No Fracture Group,
Factors n = 38 n = 266 Difference (95% CI)*

Patient characteristics
Age at SLE diagnosis, yrs 31.8 ± 15.3 32.6 ± 11.2 –0.8 (–4.8, 3.2)
Age at study visit, yrs 48.5 ± 12.7 40.7 ± 10.5 7.8 (4.1, 11.4)
Mean body mass index, kg/m2 ± SD 27.4 ± 6.2† 26.8 ± 7.2‡ –0.6 (–1.8, 3.0)
Premenopausal, % 31.6 66.2 –33.4 (–50.4, –18.8)

Lifestyle factors
Currently smoking, % 7.9 16.2 –8.3 (–17.9, 1.4)
Drink caffeine, % 76.3 83.3§ –7.0 (–21.3, 7.2)
Drink alcohol, % 44.7 52.1‡ –7.4 (–24.3, 9.6)

Medication and dietary supplement use
Taken female hormones, % 37.8† 17.7 20.1 (3.9, 36.5)
Taken calcium, % 73.7 45.5 28.2 (13.0, 43.4)
Daily calcium intake, mg/day 1396.3 ± 767.7 1169.1 ± 716.9 227.2 (–19.6, 474.1)
Taken vitamin D, % 47.4 39.2‡ 8.2 (–8.8, 25.1)
Daily vitamin D intake, IU/day 200.0 ± 275.1 177.4 ± 257.3 22.6 (–66.0, 111.1)
Taken thyroid hormones, % 33.3 15.3 19.2 (3.5, 34.9)
Taken osteoporosis medications, % 31.6 7.1 24.5 (9.3, 39.5)
Taken diuretics, % 47.4 24.5‡ 22.9 (6.1, 39.5)
Taken thiazide diuretics, % 18.4 9.9§ 8.5 (–4.3, 21.4)
Taken anti-epileptics, % 10.5 6.0 4.5 (–5.7, 14.7)

* Indicates the difference in proportions between SLE women with fractures and without fractures and the cor-
responding 95% confidence interval (CI) unless otherwise stated. 95% CI excluding zero indicate significant dif-
ferences. Negative results for differences indicate lower values for SLE women with fractures. Data available on:
† 37 individuals, ‡ 265 individuals, § 264 individuals. Values in bold are significant.

Table 2. SLE-related factors in 304 women with SLE with and without fractures.

Fracture Group, No Fracture Group,
Factors n = 38 n = 266 Difference (95% CI)*

SLE-related characteristics
Disease duration, yrs ± SD 16.2 ± 8.7 7.6 ± 7.4 8.6 (6.0, 11.2)
SLICC/ACR DI ± SD 2.7 ± 2.3¶ 1.1 ± 1.6# 1.6 (1.1, 2.3)
Median SLICC/ACR DI (range) 2.0 (0 to 8) 0.0 (0 to 8)
SLE renal disease†, % 36.8 18.1 18.7 (2.0, 34.1)

SLE-related medications
Taken hydroxychloroquine, % 42.1 58.2§ –16.1 (–32.9, 0.7)
Taken corticosteroids, % 89.5 77.4 12.1 (1.1, 23.0)
Duration taking corticosteroids, yrs ± SD 10.8 ± 9.3 4.3 ± 6.4 6.5 (4.1, 8.8)
Current use of corticosteroids, % 60.5 50.0 10.5 (–6.1, 27.2)
Current dose of corticosteroids, mg/day ± SD** 4.6 ± 4.6 7.4 ± 10.1 –2.8 (–6.3, 0.6)

*Indicates the difference in proportions between SLE women with fractures and without fractures and the cor-
responding 95% CI unless otherwise stated. 95% CI excluding zero indicate significant differences. Negative
results for differences indicate lower values for SLE women with fractures. SLICC/ACR DI: Systemic Lupus
International Collaborating Clinics/American College of Rheumatology cumulative disease damage index.
† SLE renal disease: proteinuria > 0.5 g or 3+ protein; or cellular casts; or positive renal biopsy. Data available
on: § 263 individuals, ¶ 37 individuals, # 260 individuals, ** 34 individuals in the Fractures and 211 No Fractures
groups. Values in bold are significant
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BMD measurements [Fracture group at the hip (n = 38) and
lumbar spine (n = 38); No Fracture group at the hip (n = 259)
and lumbar spine (n = 264)], the results of the standardized
BMD Z-scores showed women with fractures to have signifi-
cantly lower mean BMD Z-scores at the hip (Fracture = –0.55
vs No Fracture = –0.14; group difference 0.41, 95% CI 0.04 to
0.78), but not at the lumbar spine (Fracture = –0.25 vs No
Fracture = –0.18; group difference 0.07, 95% CI –0.43 to
0.57). A significantly lower proportion of women with frac-
tures was noted to have normal standardized BMD Z-score
(BMD Z-score > –1.0) results at the hip (Fracture = 60.5% vs
No Fracture = 84.6%; group difference –24.1%, 95% CI
–40.2% to –7.9%), but not at the lumbar spine (Fracture =
63.2% vs No Fracture = 72.0%; group difference –8.8%, 95%
CI –25.1% to 7.5%). Interestingly, more than half of all women
with fractures undergoing BMD measurements had normal
standardized BMD Z-scores at the hip (60.5%) or lumbar spine
(63.2%). Moreover, 50.0% of women with fractures had nor-
mal standardized BMD Z-scores at both anatomical sites.

Univariate factors associated with fracture. Univariate
screening of traditional osteoporosis risk factors and SLE-
related factors was performed to identify the most relevant (p
< 0.05) factors associated with fractures for inclusion in a
multiple logistic regression model as shown in Table 3. Of the
32 factors screened, 13 factors were significantly associated
with fractures. As might be expected, older age at study visit
was significantly associated with fractures, whereas pre-
menopausal status was inversely associated with fractures.
Although none of the lifestyle factors were associated with
fractures, longer disease duration, higher SLICC/ACR DI, and
SLE renal disease were significantly associated with fractures.
In this cross-sectional study, significant associations between
fracture occurrence and use of female hormones, calcium, thy-
roid hormones, diuretics, and osteoporosis medications were
strongly associated with fracture events. For corticosteroid
use, only longer duration of taking corticosteroids was signif-
icantly associated with fractures. Not surprisingly, a higher
hip BMD Z-score was inversely associated with fractures,
whereas lumbar spine BMD Z-score was not significantly
related to fractures. The study center, a design variable, was
statistically significant in the univariate screening.

Adjusted analysis of significant univariate factors associated
with fractures. The results of the multiple logistic regression
model constructed after screening for collinear relationships
among significant univariate factors are shown in Table 4. Of
the original 13 significant univariate factors, 9 (pre-
menopausal status, disease duration, SLICC/ACR DI, SLE
renal disease, use of calcium, use of osteoporosis medications,
use of thyroid hormones, use of diuretics, and hip BMD Z-
score) were included in the model along with body mass
index, a clinically important factor, and study center, a design
variable, resulting in a total of 11 factors included in the final
multiple logistic regression model. Three significant univari-
ate factors excluded from the final model, due to their strong

collinearity with other significant univariate factors, included
age at study visit (correlated with premenopausal status), use
of female hormones (correlated with premenopausal status),
and duration of corticosteroid use (correlated with disease
duration). Of the factors in the final model, only longer dis-
ease duration and use of osteoporosis medications were sig-
nificantly associated with fractures.

Both disease duration and SLICC/ACR DI were included
in our multiple logistic model, but their correlation coefficient
(r = 0.37) approached, but did not exceed the predetermined
multicollinearity threshold (r ≥ 0.50). Therefore, we per-
formed a sensitivity analysis including disease duration or
SLICC/ACR DI separately in our multiple logistic regression

Table 3. Univariate screening of factors associated with fractures in 304
women with SLE.

Factors Unadjusted OR (95% CI)*

Patient characteristics
Age at SLE diagnosis 0.99 (0.96, 1.02)
Age at study visit 1.06 (1.03, 1.10)
Face 0.68 (0.34, 1.34)
White/Caucasian 1.31 (0.59, 2.90)
Black/African-American 1.04 (0.47, 2.32)
Hispanic (non-Caucasian) 0.001 (0.001, 999.99)
Premenopausal 0.24 (0.11, 0.49)
Body mass index, kg/m2 1.01 (0.97, 1.06)
Study center 2.06 (1.01, 4.18)

Lifestyle factors
Currently smoking 0.45 (0.13, 1.51)
Drink caffeine 0.64 (0.29, 1.46)
Drink alcohol 0.75 (0.38, 1.48)

SLE-related characteristics
Disease duration, yrs 1.12 (1.08, 1.17)
SLICC/ACR DI 1.49 (1.27, 1.75)
SLE renal disease 2.52 (1.22, 5.22)

Medication and dietary supplement use
Taken female hormones 2.84 (1.36, 5.92)
Taken calcium 3.36 (1.57, 7.18)
Daily calcium intake 1.00 (1.00, 1.01)
Taken vitamin D 1.39 (0.70, 2.76)
Daily vitamin D intake 1.00 (0.99, 1.00)
Taken osteoporosis medications 6.00 (2.62, 13.73)
Taken hydroxychloroquine 0.52 (0.26, 1.04)
Taken thyroid hormones 2.94 (1.39, 6.22)
Taken diuretics 2.77 (1.38, 5.55)
Taken thiazide diuretics 2.07 (0.83, 5.16)
Taken anti-epileptics 1.84 (0.58, 5.82)

Corticosteroid use
Taken corticosteroids in the past 2.48 (0.85, 7.25)
Duration taking corticosteroids 1.10 (1.05, 1.15)
Current use of corticosteroids 1.53 (0.77, 3.07)
Current dose of corticosteroids 0.96 (0.90, 1.01)

BMD measurement (Z-scores)
Hip BMD Z-score 0.70 (0.51, 0.97)
Lumbar spine BMD Z-score 0.97 (0.76, 1.22)

SLICC/ACR DI: modified version of the Systemic Lupus International
Collaborating Clinics/ American College of Rheumatology cumulative dis-
ease damage index excluding the osteoporosis/fracture item. Bold values
are significant.
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model. The analysis including disease duration showed simi-
lar results to our original model, maintaining significant asso-
ciation with fractures (adjusted OR 1.12, 95% CI 1.06 to
1.18). In the alternative model including SLICC/ACR DI,
greater disease damage was significantly associated with frac-
tures (adjusted OR 1.40, 95% CI 1.12 to 1.74). Use of calci-
um and use of osteoporosis medications were also associated
with fractures in both of the models in our sensitivity analysis.

DISCUSSION
Our findings indicate that for each year of having SLE there is
a 10% increased association with fractures in women with
SLE even after accounting for age and corticosteroid use. No
prior investigation has shown a relationship between duration
of SLE and fractures. Since duration of SLE and duration of
corticosteroid use were both significantly associated with
fractures in our univariate screening and also correlated with
each other, only duration of SLE was included in our multiple
logistic regression model as it demonstrated a stronger associ-
ation with fractures. Therefore, the association observed
between duration of SLE and fractures may indirectly reflect
duration of corticosteroid use. Yet given that the other corti-
costeroid variables assessed in our study failed to demonstrate
any significant relationship with fractures, it is unlikely that
duration of corticosteroid use fully explains the association
seen between disease duration and fractures. Conceivably,
some women developing SLE at a younger age may have
failed to reach optimal peak bone mass, in part due to longer
duration of disease, thus placing them at potentially higher
risk of future fractures as compared with women with shorter
disease duration. Regardless of the exact role of disease dura-
tion in relation to fractures, the association between longer
disease duration and fractures noted in this study has potential
clinical relevance. For instance, women with longer-duration
SLE may represent a group requiring greater attention toward
minimizing risk factors for future fractures.

In contrast to the association seen between disease duration
and fractures, age at study visit, which was indirectly repre-
sented by premenopausal status in the multiple logistic model,
was not associated with fractures. In a group of 702 women
with SLE as compared with women of similar age from a US
population, older age was found to be a risk factor for frac-
tures2. Similarly, a subsequent study of 242 patients with SLE
from the UK also implicated older age as a significant predic-
tor of fractures1.

Although women with fractures in our study were older at
study visit than women without fractures, the mean age at the
time of the fractures indicates that the fracture events occurred
in relatively young women. This finding suggests that factors
other than older age contribute to fractures in SLE. For exam-
ple, severity of disease as represented by the SLICC/ACR DI,
which was significantly related to fracture in our univariate
screening and sensitivity analyses, has been shown to be asso-
ciated with lower BMD by our group and others4,17. A poten-
tially interesting explanation is that SLE per se, particularly in
cases of more severe disease, as represented by the
SLICC/ACR DI, may have inherently adverse effects on bone,
such as the development of osteoporosis17, and thereby
increases susceptibility for fractures. Given that SLICC/ACR
DI was not significantly associated with fractures in our mul-
tiple logistic regression analysis, the SLICC/ACR DI may
have a limited relationship with fractures in women with SLE.

We observed only a limited association between BMD sta-
tus and fractures in women with SLE. As might be expected,
women with fractures as a group had lower mean BMD Z-
scores at hip and lumbar spine, albeit BMD results as com-
pared to women without fractures were statistically lower only
at the hip. Further, higher proportions of women without frac-
tures had normal BMD findings at the hip and lumbar spine.
Nevertheless, a surprisingly large proportion of women expe-
riencing fractures had normal BMD levels at both measured
anatomical sites. Lumbar spine BMD status also failed to be
significantly associated with fractures in our univariate
screening, and hip BMD was not significantly related to frac-
tures when controlling for other factors. Two prior investiga-
tions have observed vertebral deformities in patients with SLE
in the setting of normal BMD3,18. In contrast to such previous
reports, our results also suggest that nonvertebral fractures
may occur in the setting of normal BMD. A possible explana-
tion for the unexpectedly high proportion of women with frac-
tures possessing normal BMD could be a result of some
women reporting non-fragility fractures rather than exclusive-
ly reporting fragility fractures.

Our findings are in contrast to those reported by Yee and
colleagues, who found reduced BMD to be associated with
fragility fractures1. One explanation for the discrepancy may
be that we examined the BMD Z-score as a continuous vari-
able, whereas in the study by Yee, BMD status was catego-
rized as “reduced BMD” consisting of osteopenia or osteo-
porosis based the results of BMD T-scores. Further, the incon-

Table 4. Multiple regression results of significant univariate factors associ-
ated with fractures in 304 women with SLE.

Factors Adjusted OR (95% CI)*

Premenopausal 0.47 (0.19, 1.17)
Body mass index 1.01 (0.95, 1.07)
Disease duration, yrs 1.11 (1.05), 1.17)
SLICC/ACR DI* 1.24 (0.98, 1.58)
SLE renal disease 0.89 (0.31, 2.52)
Taken calcium 2.31 (0.93, 5.75)
Taken osteoporosis medications 4.75 (1.62, 13.94)
Taken thyroid hormones 2.50 (0.94, 6.63)
Taken diuretics 1.33 (0.50, 3.52)
Hip BMD Z-score 0.97 (0.66, 1.43)
Study center 1.51 (0.59, 3.89)

SLICC/ACR DI: modified version of the Systemic Lupus International
Collaborating Clinics/American College of Rheumatology cumulative dis-
ease damage index excluding the osteoporosis/fracture item. Bold values
are significant.
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sistent relationship between BMD status and fractures in our
study may be due in part to the cross-sectional study design
and the relatively younger age of women in our study pos-
sessing generally higher BMD than might be seen in an older
group of women. Conversely, in younger women with SLE,
disease duration and the degree of disease severity may need
to be considered in addition to BMD status in order to more
accurately assess fracture risk.

The strong associations between fractures and use of
female hormones, calcium, osteoporosis medications, and
possibly the diuretics observed in our analysis likely reflect
the use of these bone-protective medications and dietary sup-
plements by a group at higher risk for fractures. With regard
to corticosteroids, women experiencing fractures reported
longer duration of corticosteroid use, and a greater proportion
reported past use of corticosteroids, but there were limited
group differences with respect to other measures of corticos-
teroid exposure. In addition, the mean current doses of corti-
costeroid in both groups of women were relatively low. The
comparatively similar corticosteroid burden between women
with and those without fractures may explain the absence of
any significant association between some of the factors relat-
ed to corticosteroid use and fracture events, a finding which is
consistent with other reports1. In other studies, duration of
corticosteroid use has been shown to be a risk factor for frac-
tures in a large group of women with SLE2, and use of intra-
venous methylprednisolone was associated with vertebral
deformities3.

The cross-sectional design of our study allowed us to iden-
tify associations between SLE-related factors with fractures in
women with SLE. However, we cannot discern a causal rela-
tionship between factors assessed in our study such as
between disease damage and fractures. For instance, the asso-
ciation between use of osteoporosis medications and fractures
observed as in our cross-sectional study likely represents
those women at higher fracture risk having been placed on
such medications to minimize their risk for future fractures,
rather than any causal relationship between use of medications
and fractures. Although the number of women with self-
reported fractures in our study is not trivial, insufficient power
could explain the absence of any significant associations
between some of the assessed variables and fractures.
Longitudinal investigations are necessary to establish if such
associations are actual risk factors for fractures in the SLE
population.

Despite these limitations, the overall frequency of fractures
in our women was consistent with the results of previous inves-
tigations that included women comparable in age and ethnic
composition to those in our study1,2. Further, the current find-
ings indicate that SLE-related factors are associated with frac-
tures in women with SLE, even in the presence of normal
BMD. Our study adds important information, given that a dis-
proportionately high number of women with SLE who experi-
enced fractures were also found to have normal BMD.
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