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ABSTRACT
Since survival of patients with systemic lupus
erythematosus (SLE) has improved over the past
decades, increasing attention is focused on
complications of the disease. Osteoporosis and
fractures contribute to damage in the second most
frequently involved organ system in SLE: the
musculoskeletal system. Recent studies have
reported a high frequency of reduced bone mineral
density in SLE, and an increased risk of peripheral
and vertebral fractures. The incidence of
symptomatic fractures is increased 1.2–4.7-fold in
patients with SLE. A large population-based study on
4343 patients with SLE and 21 780 age-matched and
sex-matched controls, demonstrated previous
glucocorticoid use and longer disease duration as
important risk factors for symptomatic fractures in
SLE. Prevalent vertebral fractures are demonstrated
in 18–50% of these relatively young patients, and
one in three of these patients has normal bone
density.
The aetiology of bone loss in SLE is supposed to

be multifactorial, involving clinical osteoporosis risk
factors, systemic inflammation, serological factors,
metabolic factors, hormonal factors, medication-
induced adverse effects and, possibly, genetic
factors. A 6-year follow-up study on Dutch patients
with SLE revealed that low 25-hydroxyvitamin D
serum levels, low body mass index and baseline use
of antimalarials were associated with bone loss. In
addition, a dose-dependent relationship between
glucocorticoid use and bone loss was demonstrated
in longitudinal studies in SLE. These findings have
implications for daily clinical practice, because
vitamin D insufficiency is highly frequent in SLE,
antimalarials are regarded as ‘anchor drugs’ for
therapy and the majority of patients with SLE are on
chronic glucocorticoid treatment.

INTRODUCTION
During the Osteorheumatology International
Congress in October 2014 in Genoa, Italy,
attention was paid to fracture risk in inflam-
matory rheumatic diseases. This review dis-
cusses the epidemiology and aetiology of
(peripheral and vertebral) fractures in

patients with systemic lupus erythematosus
(SLE), and provides a summary of factors con-
tributing to the increased bone loss in SLE.

FRACTURES IN SLE
Epidemiology and aetiology of symptomatic
fractures
In recent years, a large number of studies on
the increased risk of osteoporosis and the
associated risk factors in patients with SLE
have been published. In contrast, the
number of studies on fractures in SLE is rela-
tively limited.
Symptomatic fractures have been reported

in 6–42% of patients since lupus diagnosis,1–8

and the hip, vertebra, ankle, rib, foot and
arm are the most frequent sites of frac-
tures.1 2 5 8 Age,1–3 7 9 postmenopausal
status,1 non-African-American ethnicity,6

smoking,6 alcohol intake,10 obesity,6 reduced
bone mineral density (BMD),3 8 disease dur-
ation,5 11 renal insufficiency,6 comorbidity,7

presence of lupus anticoagulant6 and
Raynaud’s syndrome,6 are reported as risk
factors for symptomatic fractures in SLE. In
addition, duration of glucocorticoid (GC)
treatment,2 7 8 recent GC therapy,11 cumula-
tive and high-dose GC use,1 9 12 and pulse
steroid therapy ever,6 are predictors of symp-
tomatic fractures in patients with lupus.
Moreover, ever use of intravenous cyclophos-
phamide was a predictor for femoral neck
fractures in patients with lupus in Taiwan.9

The majority of data on fractures in SLE
were reported from cohort studies while only
a few population-based studies on all symp-
tomatic fractures in SLE have been per-
formed (table 1).2 7 10 11

Three of these studies were performed in
populations from specialised lupus centres in
university hospitals and reported a 1.8–
4.7-fold increased incidence of symptomatic
fractures in (predominantly female) patients
with SLE compared with healthy age-
matched and sex-matched controls.2 7 10
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However, investigating fracture incidence in a tertiary
referral centre is probably related to overestimating frac-
ture occurrence due to the selection of patients with a
more severe disease course. The largest population-
based study11 was performed in the UK and used data
from the Clinical Practice Research Datalink, a general
practitioner database. This study on 4343 patients with
SLE and 21 780 age-matched and sex-matched controls
demonstrated a lower relative risk (RR 1.22, 95% CI 1.05
to 1.42) of symptomatic fractures in patients with SLE
compared to healthy subjects as reported in earlier
studies. Fracture risk was further increased with longer
disease duration and with GC use in the previous
6 months before fracture occurrence. Furthermore,
three subgroups of patients with lupus at high risk of the
occurrence of (subsequent) fractures were identified:
patients with seizures or a past cerebrovascular event
and patients with previous osteoporotic fractures.11 The
increased fracture incidence in patients with seizures or
a history of a cerebrovascular event might be explained
by an increased risk of falls in these subgroups of
patients and by the adverse effects of antiepileptic drugs
on bone mass, and illustrates that fracture rate is particu-
larly high in patients with severe SLE.

Epidemiology and aetiology of prevalent vertebral fractures
A case–control study on 136 patients with SLE from
Sweden showed that the risk for symptomatic vertebral
fractures was increased with an OR of 2.2.13

However, studies focusing only on symptomatic verte-
bral fractures might cause an underestimation of verte-
bral fracture occurrence, since studies in the general
population14 and in SLE4 8 have demonstrated that the
majority of vertebral fractures do not come to clinical
attention. Although morphometric vertebral fractures

are often missed in daily practice,15 the identification of
prevalent vertebral deformities is important, since these
are associated with a reduction in quality of life,16 an
increased risk of future fractures and an increased mor-
tality risk in the general population.17

Seven cross-sectional studies4 18–23 and one longitu-
dinal study8 on vertebral fractures, all using the standar-
dised method of scoring vertebral deformities by
Genant,24 showed the presence of at least one vertebral
fracture in 18–50% of the patients with a mean age of
32–48 years (table 2).
Age,19–21 low BMD,18 20 21 male sex,4 ever use of intra-

venous methylprednisolone,4 high body mass index20

and previous fractures,23 were associated with prevalent
vertebral fractures. As expected, the majority (73–79%)
of fractures are grade 1 (20–25% reduction of vertebral
height) deformities and are localised in the thoracic
spine.4 18–23 In contrast to the high prevalence of verte-
bral fractures reported from cross-sectional studies, a
recent 5-year prospective study on 127 female Chinese
patients with SLE demonstrated a very low incidence
(0.94 per 100 patient-years) of morphometric vertebral
fractures.8 In that study, lumbar spine osteoporosis was
identified as the most important predictor of incident
vertebral fractures. Surprisingly, the majority (4 out of 7)
of incident vertebral fractures detected in the study were
classified as severe, grade III fractures (>40% reduction
in vertebral height), a finding that is in contrast with the
predominantly mild (grade I) prevalent vertebral frac-
tures reported from earlier cross-sectional studies.
Therefore, the severity of the vertebral fractures found
in the study by Zhu et al suggests inclusion of traumatic
fractures.25

According to the recent National Osteoporosis
Foundation (NOF)26 and the National Osteoporosis
Guideline Group (NOGG)27 guidelines, the detection of

Table 1 Population-based studies on all symptomatic fractures in patients with systemic lupus erythematosus

Authors Country Setting

Number of

patients

Female

gender

(%)

Mean

age

(years)

Follow-up

duration

(years)

Relative

risk Risk factors

Ramsey-Goldman

et al2
USA University

hospital

702 100 45.4 8.2 4.7 Older age at lupus

diagnosis

Duration GC use

Rhew et al10 USA University

hospital

100 100 44.1 2 3.3 Alcohol use

Bultink et al11 UK General

practitioners

database

(CPRD)

4.343 89 46.7 6.4 1.22 GC use in previous

6 months

Disease duration

Seizures

Cerebrovascular

event Previous

fracture

Ekblom-Kullberg

et al7
Finland University

hospital

222 (204

women)

92 47 13.1 1.8 (females) Age

Duration

GC use

Comorbidity

CPRD, Clinical Practice Research Datalink; GC, glucocorticoids.
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one or more asymptomatic vertebral fractures in patients
with a BMD in the osteopenic range is an indication for
initiating antiosteoporotic agents. Therefore, the assess-
ment of vertebral fractures in addition to bone density
measurement is recommended in all patients with SLE
in whom BMD measurement is indicated because of the
existence of clinical risk factors for fractures.28

BONE LOSS IN SLE
Epidemiology
Osteopenia, defined as a T-score between −1.0 and −2.5
in the lumbar spine and/or the hip, is reported in 25–
74% of patients with SLE, and osteoporosis, defined as a
T-score less than −2.5, in 1.4–68% of patients with lupus
in cohort studies.28 The wide variation in frequencies
might be contributed to differences in study design and
differences in size, age, sex, ethnic background, disease
severity and medication use between the patient groups
investigated.
Case–control studies have demonstrated a significantly

increased prevalence of reduced bone mass in males29

and in females,30 with SLE as compared to age-matched
healthy controls. For example, in a study on male
patients with SLE from Hong Kong, 30% of the patients
had a reduced spine BMD, defined as a Z score <−2.0,
versus only 5% in healthy controls. At the femoral neck,
these percentages were 10% and 0% in patients with
SLE and healthy controls, respectively.29

Relationship between BMD and fractures in SLE
Although an increased prevalence of reduced BMD and
an increased incidence of fractures have been demon-
strated in patients with SLE, the relationship between
BMD and fracture occurrence in patients with SLE is not
yet fully clear. In contrast to cohort studies1 3 8 demon-
strating reduced BMD as a risk factor for symptomatic

fractures, and some studies reporting a significant associ-
ation between low bone mass in the lumbar spine or the
hip and the prevalence of morphometric vertebral frac-
tures,19–21 other studies4 23 did not demonstrate a rela-
tionship between BMD and prevalent vertebral fractures.
In addition, two studies demonstrated normal BMD in
29–35.8% of the patients with SLE with one or more ver-
tebral fractures.19 20 These discrepancies might be
explained by several mechanisms of which the limitations
of dual energy X-ray absorptiometry (DXA) measure-
ment and the heterogeneity of patients with SLE are
probably the most important ones. The occurrence of
fractures in patients with normal bone mass illustrates the
limited value of BMD measurement in the assessment of
fracture risk in general, probably because DXA only mea-
sures the total amount of calcium/hydroxyapatite in a
certain region. Therefore, the measurement can be influ-
enced by atherosclerosis and spondyloarthritis. In add-
ition, DXA does not measure connectivity of trabeculae
and other aspects of bone quality. The occurrence of ver-
tebral fractures in patients with normal BMD also points
to the multifactorial aetiology of fractures in a complex
disease as SLE. On top of the background fracture risk
based on, among other factors, age, gender, postmeno-
pausal status and ethnicity, the high frequency of treat-
ment with GCs is supposed to be an important
additional factor contributing to fracture risk in SLE.
GC therapy has been associated with an increased frac-
ture risk in individuals as compared to those who have
similar BMD values and are not using GCs.31 In patients
with SLE, three out of four population-based
studies2 7 11 showed that GC therapy is a significant and
independent risk factor for fractures in patients with
SLE. Unfortunately, none of the population-based
studies on symptomatic fractures in SLE (table 2) investi-
gated the relationship between BMD and fracture
occurrence.

Table 2 Studies on prevalent morphometric vertebral fractures in patients with systemic lupus erythematosus

Authors

Year of

publication Country

Number of

patients

Mean age

(years)

Percentage with ≥1
vertebral fracture Risk factors

Bultink et al4 2005 The

Netherlands

90 41 20 Intravenous

methylprednisolone

Male gender

Borba et al18 2005 Brazil 70 32 21.4 Low BMD

→number

of fractures

Mendoza-Pinto et al19 2009 Mexico 210 43 26.1 Age

Low hip BMD

Li et al20 2009 Hong Kong 152 48 20.4 Age

High BMI

Low spine BMD

Almehed et al21 2010 Sweden 150 47 29 Age

Low hip BMD

Garcia-Carrasco et al22 2011 Mexico 140 43 24.8 NA

Furukawa et al23 2013 Japan 52 45 50 Previous fractures

Zhu et al8 2014 Hong Kong 127 47 18.1 NA

BMD, bone mineral density; BMI, body mass index; IV, intravenous; NA, not assessed.
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In addition, an increased fall risk might also contrib-
ute to the increased fracture incidence in patients with
SLE. No data on fall risk and the relationship with frac-
ture occurrence in patients with SLE are currently avail-
able. However, a recent study32 demonstrated an
association between reduced lower extremity muscle
strength and physical disability in patients with SLE, a
factor that might increase fall risk and subsequently
influence fracture risk.

Aetiology of bone loss in SLE
The aetiology of the increased bone loss in SLE is
supposed to be multifactorial and includes clinical
osteoporosis risk factors, systemic inflammation, sero-
logical factors, metabolic factors, hormonal factors,
medication-induced adverse effects and, possibly, genetic
factors (figure 1).28

Clinical osteoporosis risk factors
In line with findings in the general population, age,1 33

postmenopausal status4 33 and low body weight1 or low
body mass index1 4 33 have been identified as independ-
ent risk factors for osteoporosis in patients with SLE.
The influence of gender on bone mass in SLE is not

yet elucidated, since the far majority of studies investi-
gated exclusively female patients. Only a few studies in
male patients have been performed, one of which
demonstrated reduced bone mass in male patients with
SLE compared to healthy controls.29

Studies on the influence of ethnicity on bone mass in
SLE show conflicting results. Similar to findings in the
general population, two studies in patients with SLE

demonstrated that white ethnicity34 or non-African
Caribbean ethnicity3 was associated with osteoporosis.
However, another study demonstrated significantly
reduced BMD in African–American females with SLE as
compared to white patients, after controlling for clinical
variables and after adjustment for GC use.35 In the
general population, smoking and excessive alcohol use
are associated with an increased risk of osteoporosis.
Alcohol use was associated with low bone mass in
Chinese male patients with lupus in one study,29 but
smoking has not been reported as an osteoporosis risk
factor in several studies in SLE.3 4 33

Role of systemic inflammation
Chronic systemic inflammation is supposed to contribute
to bone loss in SLE by both increasing osteoclastic bone
resorption and by reducing osteoblastic bone formation.
Studies in patients with SLE with active disease showed
increased serum levels of tumour necrosis factor
(TNF)36 and increased levels of oxidised low-density
lipoprotein (LDL).37 Oxidised lipids are able to activate
T cells, which in turn can induce increased production
of TNF and receptor activator of nuclear factor-κB
(RANKL). Both TNF and RANKL increase the matur-
ation and activity of osteoclasts.36 Moreover, oxidised
LDL reduces osteoblast maturation, which in turn might
negatively influence bone formation.38

A study on women with recently diagnosed and
untreated SLE demonstrated decreased serum levels of
osteocalcin, a marker for bone formation, and increased
cross-links excretion in the urine, a marker for bone
resorption,30 a finding that points to a change in bone

Figure 1 Factors contributing to bone loss in patients with systemic lupus erythematosus (SLE). BMI, body mass index; DHEA,

dehydroepiandrosterone.
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metabolism due to the disease itself. In addition, low
complement C4 levels, a marker of active disease, were
associated with low spine BMD in the Hopkins Lupus
Cohort.1

Cross-sectional studies failed to demonstrate a relation-
ship between disease activity and bone mass in
SLE.4 19 33 34 However, a recent 5-year prospective study
on 125 Chinese women with SLE demonstrated an asso-
ciation between high disease flare rate and increased
bone loss in spine and hip.39

Lupus nephritis occurs in up to 60% of patients with
SLE during the disease course and may induce renal
failure.40 In severe renal failure, secondary hyperparathyr-
oidism, increased osteoclastic bone resorption and
reduced 1,25-dihydroxyvitamin D serum levels may con-
tribute to the development of osteoporosis. However, an
association between impaired renal function and low bone
mass has been demonstrated in only one study,33 which
might be explained by the exclusion of patients with an
impaired renal function from the majority of studies.

Serological factors
Data on the role of autoimmunity in bone resorption in
SLE are very limited. In a cross-sectional study on 34
patients with SLE, an association between the presence of
anti-Sm and higher hip bone mass was found, while the
presence of anti-Ro was negatively associated with BMD
in the hip.41 The relationship between absence of anti-Ro
and higher bone mass may be explained by the fact that
anti-Ro positive SLE patients are generally advised against
sun exposure.41 In the same study, no relationship
between the presence or absence of anti-dsDNA anti-
bodies and BMD was found. The role of other autoanti-
bodies with respect to bone resorption in SLE is currently
unknown. A recent study has demonstrated that BMD is
significantly reduced in healthy persons having anti-
bodies against citrullinated protein (ACPA) as compared
to ACPA negative individuals, a finding that is explained
by the fact that ACPA directly induce bone loss by stimu-
lating osteoclast differentation.42 Since the prevalence of
ACPA positivity is much lower in patients with SLE com-
pared to patients with rheumatoid arthritis, we suppose
that ACPA might contribute to bone loss in the ACPA
positive subgroup of patients with SLE, but, probably
other mechanisms are playing a role.

Metabolic factors
Studies in different geographic regions have demon-
strated an increased prevalence of vitamin D deficiency
in patients with SLE,43–45 a metabolic condition that
may induce bone loss. A cross-sectional study on Dutch
patients with SLE showed a significant association
between low 25-hydroxyvitamin D (25(OH)D) serum
levels and low BMD in the spine.4 In addition, a 6-year
follow-up study on 126 Dutch patients with lupus con-
firmed this finding: low 25(OH)D serum levels at base-
line were significantly associated with bone loss in
lumbar spine and hip.46

Vitamin D status in patients with SLE may be adversely
affected by several factors: photosensitivity, use of sunsc-
reens, dark skin pigment, renal failure, disease activity, GC
therapy and, probably, hydroxychloroquine (HCQ) use.
Ultraviolet light intolerance is highly prevalent in

patients with SLE, and leads to avoidance of sun expos-
ure and subsequent reduced de novo vitamin D synthesis
in the skin. Patients with dark skin pigment might be at
increased risk for the development of vitamin D defi-
ciency because melanin impairs vitamin D synthesis in
the skin. A study in the USA indeed showed significantly
lower vitamin D serum levels in African–American
patients with SLE than in Caucasians.47 Patients with
SLE are generally advised to use sunscreens continu-
ously, which may induce decreased or even completely
arrested vitamin D synthesis in the skin and subse-
quently reduced vitamin D levels.48

Renal failure may develop in patients with SLE due to
chronic renal inflammation and/or hypertension, and may
lead to reduced 1,25(OH)2 levels. A study on Canadian
patients with lupus showed an association between high
serum creatinine levels and low 1,25(OH)2 levels.

45

Several cross-sectional studies have reported an inverse
relationship between vitamin D insufficiency and SLE
disease activity. However, a longitudinal study on 1006
patients with SLE from the Hopkins Lupus Cohort with
a follow-up duration of 126 weeks showed a modest asso-
ciation between 25(OH)D serum levels and disease activ-
ity score.49

GC therapy might adversely affect vitamin D levels.
Chronic GC therapy has been demonstrated to alter
vitamin D metabolism, leading to the formation of more
biologically inactive metabolites, which results in decreased
intestinal calcium transport.50 In patients with SLE, an asso-
ciation between cumulative GC exposure and low levels of
both 25(OH)D and 1,25(OH)2 was demonstrated.45

The antimalarial, HCQ, which is frequently used for
the treatment of SLE, might impair vitamin D status in
patients with lupus, since HCQ is supposed to inhibit
the conversion of 25(OH)D in 1,25(OH)2 by inhibiting
the enzyme hydroxylase α1. However, studies on the
effect of HCQ on vitamin D levels in patients with SLE
demonstrated conflicting results.34 43 51

Hormonal factors
The hormonal status of patients with SLE has been
described as a relatively high oestrogenic and low andro-
genic state, which is characterised by increased hydroxylation
α16 of oestradiol, increased testosterone oxidation, and a
reduction in dehydroepiandrosterone (DHEA). A study on
premenopausal patients with SLE showed an association
between low DHEA sulphate levels and low BMD.52

Role of medication
GCs are extensively used for the treatment of lupus
flares and complications of the disease. With respect to
bone mass, GCs play a dual role: on the one hand, these
drugs induce bone loss, but on the other hand, GCs also
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have a beneficial effect on bone mass by suppressing sys-
temic inflammation. Several cross-sectional studies on
the influence of GC use on bone mass in SLE have
been performed and showed conflicting results.
However, two of five small longitudinal studies53 54

and two recently performed larger prospective
studies39 46 demonstrated that bone loss occurs predom-
inantly in patients with SLE treated with at least 7.5 mg
prednisone daily, while treatment with lower dose pred-
nisone is not associated with bone loss (table 2). Thus,
the use of high dose GCs in patients with more active
disease might be associated with bone loss, while bone
loss can be prevented in patients with mild disease
treated with lower dosages of GCs.
The influence of HCQ use on bone mass in SLE is still

unclear. Two cross-sectional studies in women with SLE
reported higher BMD in the lumbar spine34 41 and at the
hip,34 but a cross-sectional study on Chinese male
patients with SLE showed significantly lower BMD in the
spine and hip in patients who ever used HCQ as com-
pared to never users.29 The 6-year prospective study on
Dutch patients with SLE revealed significant bone loss in
the hip in patients taking HCQ.46 In contrast, in the 5-year
follow-up study on Chinese patients with lupus, no influ-
ence of HCQ use on bone mass was found.39 As a conse-
quence of the high frequency of HCQ treatment in
patients with lupus (since this drug is currently regarded as
an ‘anchor drug’ for SLE therapy), further research on the
influence of antimalarials on bone mass in SLE is needed.
Importantly, if a possible adverse effect of HCQ on bone
mass in SLE will be confirmed by future studies, this nega-
tive effect must be carefully weighed against the multiple
beneficial effects of therapy with antimalarials in SLE.46

Genetic factors
Bone mass in SLE may be influenced by FOK-I vitamin
D receptor (VDR) gene polymorphisms. A recent study
on Dutch patients with SLE revealed that patients with
SLE carrying the ff genotype of the FOK-I VDR have sig-
nificantly higher mean BMD values in the lumbar spine
than patients with the FF and Ff genotypes.55 This
finding might be in part mediated by higher mean 25
(OH)D serum levels in patients with the ff genotype,
since a previous study showed increased 25(OH)D
serum levels in patients with SLE carrying the FOK-I ff
genotype compared to patients carrying the FF geno-
type.56 However, FOK-I VDR gene polymorphisms were
not associated with BMD at the hip, and mean BMD
changes in lumbar spine and hip were not significantly
different between the three genotypic groups during the
5.3 years of mean follow-up.55

Fractures in SLE: conclusions
Over the past decade, fractures have been recognised as
an important disease complication in patients with SLE,
and recent studies have provided more insight in the
epidemiology, and the aetiology, of peripheral and verte-
bral fractures in SLE.

Population-based studies have demonstrated that
patients with SLE have a 1.2–4.7-fold increased risk of
symptomatic fractures as compared to age-matched and
sex-matched controls, and previous GC use, longer
disease duration and, probably, disease severity, have
been identified as the most important risk factors.
Cross-sectional studies in SLE populations of different
ethnic background have shown a high prevalence (18–
50%) of vertebral fractures in these relatively young
patients with mean ages ranging from 32 to 48 years.
Importantly, one in three of these patients has normal
bone density, which illustrates that the proportion of
fractures attributable to low bone density is limited. In
addition, the occurrence of vertebral fractures in
patients with SLE with a BMD in the normal or osteope-
nic range points to impaired bone quality in patients
with SLE, and emphasises that initiating antiosteoporotic
treatment in these patients is warranted. The occurrence
of vertebral fractures in patients with SLE with a BMD in
the normal or osteopenic range also points to the
importance of other factors contributing to fracture risk
in SLE, such as GC use. Physicians should be aware that
patients with SLE are very frequently treated with GCs,
and GC therapy itself has been associated with an
increased fracture risk, independent of bone mass.
Therefore, the prescription of steroid-sparing agents is
of great importance in case of inability to reduce GCs
below doses acceptable for chronic use.
Future studies should also pay attention to fall risk in

SLE. Fall risk in patients with SLE might be increased
due to fatigue, arthritis, muscle weakness (due to inactiv-
ity and/or GC-induced myopathy and/or vitamin D defi-
ciency), neuropathy or visual impairment. However, no
data on fall risk and the relationship with fracture occur-
rence in patients with SLE are currently available.
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