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In recent years the survival of patients with systemic lupus 
erythematosus has increased markedly. Consequently, long-
term complications, such as osteoporosis, are currently of 
paramount importance. SLE is known to increase the risk 
of bone fractures, and numerous studies have found that 
SLE patients have osteoporosis. Of the various risk factors 
associated with osteoporosis in SLE, disease duration, the 
use of corticosteroids and chronic disease-related damage 
are consistently reported, with differences between studies 
probably due to the different populations studied. The role of 
chronic inflammation in osteoporosis is also important. On 
the other hand, little attention has been paid to osteoporotic 
fractures, especially of the vertebra, which are associated 
with reduced quality of life, increased mortality rates and 
increased risk of new vertebral and non-vertebral fractures 
in the general population. 
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aBstract:

KeY wOrds:

SLE = systemic lupus erythematosus

s ystemic lupus erythematosus is characterized by chronic 
inflammation and damage to various organs and systems 

due to the production of autoreactive cells and antibodies. 
The clinical course is characterized by periods of flares and 
remissions. The pathogenic mechanism is probably the result 
of the interaction of genetic, immunological, endocrine and 
environmental factors. Survival of patients with SLE has 
improved in the last 50 years due to novel diagnostic and 
treatment strategies [1]. 

Osteoporosis is defined as a systemic skeletal disease charac-
terized by decreased bone density and disruption of the micro-
structure, with a consequent increase in bone fragility and sus-

ceptibility to fractures. Recently, the U.S. Consensus Conference 
of the National Institutes of Health redefined osteoporosis as 
a skeletal inconvenience characterized by compromised bone 
resistance that makes a person more prone to suffer fractures. 
These changes can be indirectly evaluated by non-invasive mea-
surement of bone mineral density, which quantifies bone mass 
with high precision and accuracy using dual X-ray absorpti-
ometry. Currently, the diagnostic criteria for osteoporosis are 
based on measurements of BMD, referring to the number of 
standard deviations above or below the mean of the predefined 
BMD value in adults in a specific part of the skeleton [2]. It is 
known that reduced bone mass increases the risk of fracture. 
Even though BMD carries 70% of the bone resistance, it is not 
the only determining factor of fractures; bone quality, bone 
geometry, the risk of a fall, the force of impact, and the thickness 
of the soft parts also play an important role [3]. 

Patients with SLE are at increased risk for osteoporosis 
for many reasons. First, the glucocorticoid medications often 
prescribed to treat SLE can trigger significant bone loss. 
Second, osteoporosis can be secondary to chronic inflam-
mation. Third, pain and fatigue caused by the disease can 
result in inactivity, further increasing osteoporosis risk. These 
factors have become more prominent, especially given the 
improved life expectancy of SLE patients [4]. The aim of this 
report is to review the most important epidemiological asso-
ciations and the pathophysiology underlying osteoporosis in 
patients with SLE.

OsteOPOrOsis in sle: Prevalence and risK 
FactOrs

Osteoporosis is a common clinical problem in inflammatory 
diseases. In SLE, bone loss is more frequent than in the gen-
eral population. Several cross-sectional studies have evalu-
ated BMD and the prevalence of osteoporosis in patients with 

BMD = bone mineral density
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SLE [3-34]. Differences in the prevalence have been found in 
these studies, but the results suggest a generalized reduction 
in BMD [Table 1].

Abnormalities in bone metabolism were described by Redlich 
et al. [3]. They found that osteocalcin was significantly decreased 
in patients with SLE. They also analyzed other parameters of 
bone formation and found that the specific alkaline phos-
phatase for bone and the propeptide of procollagen type 1 with 
a carboxy terminal were also 
decreased. However, Becker 
and colleagues [5] found no 
correlation between reduced 
BMD and markers of bone 
formation, and reported a negative correlation between vitamin 
D and BMD in the hip. They [5] also investigated the impact of 
chronic SLE damage on BMD and found an inverse correlation 
with chronic damage measured by the SLICC-ACR damage 
index instrument (Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology) [10].

On the other hand, the photosensitivity of patients with SLE 
has led to recommendations to avoid sun exposure and this may 
induce vitamin D deficiency. Some studies have associated vita-
min D deficiency with low BMD in patients with SLE [6-9]. 

Renal involvement may occur in up to 40% of SLE patients; 
when it progresses to renal failure it may impair bone metab-
olism by inducing secondary hyperparathyroidism [9]. There 

are no studies that directly analyze the association between 
nephropathy and low BMD in SLE. 

According to some studies, estrogens are involved in the 
pathogenesis of SLE because an increase in 16-α-hydroxylation 
of estradiol was noted, in addition to an increase in testos-
terone oxidation with a decrease in dehydroepiandrosterone, 
which correlates with low BMD [11,12]. Additionally, ovarian 
dysfunction is a risk factor for reduction of bone mass in 

young women. Low testoster-
one and high follicle-stimulat-
ing hormone levels have been 
reported in a large percentage 
of premenopausal SLE women 

with osteopenia and osteoporosis. Some studies found that 
menopause is an independent risk factor for osteoporosis in 
patients with SLE [13,14]. Mok and co-researchers [14] stud-
ied 34 postmenopausal women with an average age of 52.9 
years and found osteopenia in 33% and osteoporosis in 42% 
at the lumbar spine level; osteopenia of the hip was found in 
74% and osteoporosis in 3% of the patients. 

Osteoporosis in men has received much less attention than 
in women. Formiga et al. [11] studied BMD in 20 patients 
with SLE and its relationship with prolactin and testosterone. 
They found no relationship between BMD and the cumulative 
dose and baseline dose of corticosteroids and no correlation 
between BMD, prolactin and androgens. 

Photosensitivity of patients with sle has led 
to recommendations to avoid exposure to 

the sun, thus inducing vitamin d deficiency

authoryear [ref] design no. of patients Bmd lumbar region Bmd hip

Dhillon et al.1990 [24] Cross-sectional 22 Osteoporosis 4.5%  

Kalla et al. 1993 [29] Cross-sectional 46 24% osteoporosis in any location  

Formiga et al. 1995 [11] Cross-sectional 74 12.1% osteoporosis in any location  

Pons et al. 1995 [25] Cross-sectional and longitudinal 43 18% osteoporosis in patients with corticosteroids  

Kipen et al. 1997 [26] Cross-sectional 94 44% osteopenia, 
13% osteoporosis

42% osteoporosis, 
6% osteopenia

Li et al.1998 [33] Cross-sectional  35% osteopenia and 4% osteoporosis in any location  

Sinigaglia et al.1999 [19] Cross-sectional 84 23% osteoporosis in any location  

Redlich et al. 2000 [4] Cross-sectional 30 46% osteopenia, 
15% osteoporosis

39% osteopenia, 
23% osteoporosis

Gilboe et al. 2000 [20] Cross-sectional 75 37% osteopenia, 
9% osteoporosis 

41% osteopenia, 
7% osteoporosis

Lakshminarayanan et al. 
2001 [13]

Cross-sectional 92 32% osteopenia, 
15% osteoporosis

35% osteopenia, 
12% osteoporosis

Becker et al. 2001 [5] Cross-sectional 67 11% osteopenia, 
6% osteoporosis 

13% osteopenia, 
3% osteoporosis

Bhattoa et al. 2002 [8] Cross-sectional 79 62% osteopenia, 
24% osteoporosis

48% osteopenia, 
5% osteoporosis

Pineau et al. 2004 [18] Cross-sectional 205 18% osteoporosis in any location  

Mok et al. 2005 [14] Cross-sectional 34 33% osteopenia, 
42% osteoporosis

74% osteopenia, 
3% osteoporosis

Bultink et al. 2005 [9] Transversal 107 39% osteopenia and 4% osteoporosis in any location  

table 1. Summary of studies of BMD in SLE patients
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bone metabolism. In the multivariate analysis, body weight, 
disease duration and damage index fitted best for the predic-
tion of BMD at both lumbar spine (r = 0.68, P < 0.0001) and 
femoral neck (r = 0.76, P < 0.0001). They concluded therefore 
that a reduced BMD at both lumbar spine and femoral neck 
rarely occurs during the first 7.5 years.

Sinigaglia et al. [19] found that in 84 premenopausal patients 
with SLE (age 30.5 ± 7.5 years), vertebral and femoral BMD were 
significantly lower in SLE patients than in age-matched controls, 

and no significant differences in 
BMD were detected between 
patients according to the clini-
cal pattern or activity index, 

whereas patients with high damage index had a significantly 
lower BMD at both the lumbar (P = 0.008) and the femoral (P 
= 0.05) level. This analysis showed that disease duration is inde-
pendently associated with osteoporosis (odds ratio 1.2 for each 
year of disease, 95% confidence interval 1.07–1.33). Prednisone 
was associated with an increased risk for osteoporosis (OR  1.16 
for each year of treatment, 95% CI 1.05–1.29). 

Other studies also observed this association. Lakshmin- 
arayanan et al. [13] studied risk factors for low BMD in patients 
with SLE and showed that there was a significant correlation 
between longer disease duration and lower BMD of the hip (P 
= 0.006) but not of the spine (P = 0.21). They also found a cor-
relation between higher SLE damage index and lower BMD for 
both the hip (P = 0.002) and the spine (P = 0.02). In addition, 
they found a significant correlation between age at the time of 
BMD and lower BMD of both the hip (P < 0.001) and the spine 
(P = 0.05). Therefore, disease damage can be seen as a marker 
of the severity of the disease, while on the other hand chronic 
damage can also increase with age and this could be associated 
with osteoporosis [20].

It is well established that corticosteroids, frequently 
prescribed to patients with SLE in high doses and for long 
periods, improve survival and the quality of life. However, 
corticosteroids induce osteoporosis, affecting mainly trabe-

cular bone in the vertebral 
spine. The side effects of cor-
ticosteroids on the skeleton 
occur rapidly after initiation 
of therapy. The main mecha-
nisms by which corticoster-
oids affect bone formation 

are suppression of osteoblastogenesis and increased apoptosis 
of osteoblasts and osteocytes. Corticosteroids down-regulate 
osteoprotegerin mRNA expression in primary human osteo-
blast-like cells and stimulate the receptor activator of nuclear 
kappa B ligand (RANKL), being an inhibiting factor of osteo-

OR = odds ratio
CI = confidence interval

Several inflammation markers, such as interleukin-1, inter-
leukin-6 and tumor necrosis factor-alpha, can induce osteo-
clastogenesis, which promotes the proliferation of precursor 
osteoclastic cells or the activation of differentiated osteoclasts. 
These cytokines are found in patients with chronic inflamma-
tory diseases such as SLE. Different studies have provided insight 
into the pathogenesis of inflammatory bone loss [6,8].

Houssiau and team [15] compared 47 premenopausal 
women suffering from SLE and renal damage with healthy 
controls and found that pat- 
ients taking corticosteroids 
had a greater reduction in 
BMD than other patients and 
that patients not taking corticosteroids had a greater reduc-
tion in BMD than healthy controls. 

In addition to corticosteroids, other factors associated 
with SLE can influence bone metabolism, such as lack of sun 
exposure, chronic arthritis, chronic induction of pro-inflam-
matory bone-reabsorbing cytokines, renal failure, transient 
amenorrhoea and premature menopause. Tests measuring 
disease activity were used as instruments for its evaluation, 
such as SLEDAI (Systemic Lupus Erythematosus Disease 
Activity Index) [16] and ECLAM (European Consensus 
Lupus Activity Measure) [17]. However, most failed to find 
a correlation between disease activity and BMD. The reason 
is probably that indexes used to evaluate disease activity are 
only measured at one point in time.

On the other hand, Pineau et al. [18] evaluated the clini-
cal characteristics in 516 women with SLE sent for a DEXA 
study and analyzed the factors associated with low BMD. 
They found that the two significant predictors of low BMD 
were higher age at the time of DEXA (P = 0.0003) and a 
higher SLICC/ACR damage index score (P = 0.0019). They 
concluded that osteoporosis is a significant comorbidity in 
SLE but observed that in their study disease activity and cor-
ticosteroid use were not associated with osteoporosis, which 
may suggest other potential causes such as decreased physical 
activity associated with dam-
age. Furthermore, severity of 
SLE has been associated with 
reduced BMD. Becker and 
collaborators [5] assessed the 
effects of disease severity and 
organ damage as risk factors 
for the development of osteoporosis in 64 SLE patients (mean 
disease duration 7.7 ± 5.7 years) and found that BMD was 
inversely correlated with disease duration, damage score and 
cumulative glucocorticoid intake, but no correlation was 
found with current glucocorticoid use or with markers of 

DEXA = dual X-ray absorptiometry
SLICC/ACR = Systemic Lupus International Collaborating Clinics/Ameri-
can College of Rheumatology

the 16-α-hydroxylation of estradiol, in 
addition to an increase in testosterone 

oxidation with a diminishing of 
dehydroepiandrosterone, is correlated with 

low Bmd in patients with sle

menopause is an independent risk factor 
for osteoporosis in patients with sle
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rate in the subsequent 10 years (relative risk 2.8). The mortality 
rate among male patients over 22 years follow-up was 111.7 per 

1000 person-year, compared to 
73.4 per 1000 person-year for 
the male population at risk. The 
mortality rate of female patients 
was 95.1 per 1000 person-year 

compared with 62.0 per 1000 person-year within the female 
population at risk [37]. 

 Vertebral fractures also predict new fractures, both ver-
tebral and non-vertebral [37], and reduce the quality of life 
in women with osteoporosis [38]. Despite the studies on 
fractures in patients with SLE, vertebral fractures have only 
been evaluated incidentally due to symptoms in the vertebral 
column, but we should remember that only a third of verte-
bral fractures exhibit symptoms. There are several methods of 
evaluating vertebral fractures, including quantitative, semi-

clastogenesis and a stimulating factor for the differentiation 
of the respective osteoclasts. Osteoprotegerin is a member of 
the tumor necrosis factor receptor family that antagonizes the 
interaction of RANKL with its receptor, RANK [21,22].

 A decrease in calcium absorption and an increase in 
calcium excretion have also been demonstrated in glucocor-
ticoid users [23,24]. Other factors that may contribute to the 
pathogenesis of glucocorticoid-induced osteoporosis include 
a vitamin D-independent reduction in calcium absorption 
from the gastrointestinal tract and an increase in renal cal-
cium excretion. There is little evidence of abnormal vitamin D 
metabolism as prospective studies have failed to demonstrate 
any change in 25 (OH) D3 or vitamin D binding protein. In 
addition, levels of parathyroid hormone are not consistently 
elevated, although glucocorticoids may result in an abnormal 
renal and osteoblast sensitivity to PTH [6,7,22-24].

Several additional large-scale epidemiological studies have 
examined the association between corticosteroid exposure 
and osteoporosis [Tables 2 and 3] [25-34]. Other drugs used 
for SLE that play a role in bone loss are cyclosporine, metho-
trexate, anticonvulsants, oral anticoagulants and heparin. 
In contrast, hydroxycloroquine is known to be a protecting 
factor for osteoporosis [23,35]. 

Fractures in sle Patients: Prevalence and risK 
FactOrs

Although there are numerous reports on osteoporosis and 
SLE, there is little information on fractures in patients with 
SLE, even though fractures are the main complication of 
osteoporosis and are measured in the SLICC index used to 
evaluate chronic SLE damage. 

Ramsey-Goldman and co-workers [36] described the fre-
quency of factors in a cohort of women with SLE and compared 
this frequency with that in the general age-matched population. 
They found that of 702 women, 12.3% had at least one fracture 
after being diagnosed with SLE. The most common sites were 
the leg, foot, arm, vertebrae 
and hip. Variables associated 
with these fractures were old 
age, diagnosis of SLE and long-
term corticosteroid use. 

Vertebral fractures are the most frequent complication of 
osteoporosis and a cause of high mortality. Recently, Hasserius 
et al. [37] analyzed the morbidity and mortality of patients 
with clinically diagnosed vertebral fractures; 70 men and 187 
women were studied over 12 and 22 years respectively. There 
were more female patients with lumbar pain and a worsened 
health status at 12 years of follow-up compared with controls. 
Women with a new vertebral fracture had a higher mortality 

PTH = parathyroid hormone

vertebral fractures predict new fractures 
and are a cause of morbidity and mortality 

and reduced quality of life

no association association

Dhillon et al., 1990 [24] Pons et al., 1995 [5]

Kalla et al., 1993 [29] Houssiau et al., 1996 [1]

Formiga et al., 1997 [11] Kipen et al., 1997 [26]

Li et al., 1998 [33] Sinigaglia et al., 1999 [19]

Becker et al., 2001 [5] Gilboe et al., 2000 [20]

Pineau et al., 2004 [18] Lakshminarayanan et al., 2001 [13]

Bultink et al., 2005 [9] Bhattoa et al., 2002 [8]

Boyanov et al., 2003 [35]

Mok et al., 2005 [14]

        independent factors associated with reduced Bmd

reference in the lumbar region in the hip

Kipen et al. [26] Use and dosage of 
corticosteroids

Use and dosage of 
corticosteroids

Li et al. [33] Low body mass index Low body mass index

Sinigaglia et al. 
[19]

Duration of the illness Duration of the illness

Gilboe et al. [20] Age, low body mass index, 
dosage of corticosteroids

Age, low body mass index

Lakshminarayanan 
et al. [13]

Menopause Parity, chronic damage, 
Caucasian race, accumulated 
dosage of corticosteroids

Becker et al. [5] Body weight, duration of SLE, 
chronic damage

Body weight, duration of SLE, 
chronic damage

Mok et al. [14] Use of hydroxicloroquin at 
high values of BMP

Anti-Ro and Anti-Sm

Bultink et al. [9] Menopause, low body mass 
index, deficiency of vitamin D

Low body mass index, 
menopause

table 2. Studies with and without an association of corticosteroids with reduced 
BMD in patients with SLE

table 3. Risk factors for bone mineral density in the lumbar column and hip
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quantitative, and by algorithm. A simple thoracic vertebral 
column and lateral lumbar radiograph continue to be the 
most accepted method for the evaluation of vertebral frac-
tures. Recently, Bultink [9] evaluated the prevalence of and 
factors associated with vertebral fractures in patients with 
SLE (93% women and 7% men) using Genant’s standardized 
method [39]. They defined a vertebral fracture as a reduction 
of ≥ 20% at the height of the vertebral body. They found that 
osteopenia was present in 39% of patients and osteoporosis in 
4%; the factors associated with reduced BMD in the lumbar 
column were a low body mass index, postmenopausal state, 
and vitamin D deficiency. Reduced hip BMD was associated 
with a low body mass index and postmenopausal state; more-
over, the prevalence of vertebral fractures was found in 20% 
of patients with SLE who had at least one vertebral fracture. 
The factors associated with these fractures were the use of 
methylprednisolone pulse and male gender. What was inter-
esting about this study was the lack of correlation between 
osteoporosis and fractures. Consequently, vertebral fractures 
do not occur exclusively in patients with osteoporosis.

Current guidelines recommend radiographs of the verte-
bral spine in a patient with a suspicion of vertebral fracture or 
loss of height [40]. Nevertheless, it is important to remember 
that only a third of patients with vertebral fractures exhibit 
clinical signs. Spine radiographs should be performed (using 
a standardized method of vertebral deformities), as should 
BMD measurements of the vertebral spine and hips.

cOnclusiOns

The prevalence of osteoporosis has been widely studied. The 
majority of studies found that osteoporosis is frequent in 
SLE. This is mainly due to disease duration, chronic damage, 
and the effects of corticosteroids – irrespective of whether 
the lumbar spine or hip is involved in the bone loss, though 
mainly at the lumbar column. Fractures are a complication 
of osteoporosis but they have received little attention, espe-
cially at the vertebral level. Vertebral fractures also predict 
new fractures and are a cause of morbidity and mortality and 
reduced quality of life. There is a paucity of studies analyzing 
the prevalence of vertebral fractures and their causes. Since 
the prevalence is greater in SLE patients than in the general 
population, diagnosis of bone loss and its complications 
should include density determination as well as vertebral 
fracture evaluation using a standardized method for SLE 
patients. 
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Selective IgA deficiency (IgAD) is defined as serum IgA 
levels ≤ 0.07 g/L, with normal levels of the other immu- 
noglobulins. The prevalence of IgAD is approximately 1/600 
in Caucasians, making it one of the most common primary 
immunodeficiencies. The clinical manifestations of IgAD 
vary significantly according to different study cohorts. Thus, 
unlike healthy blood donors, cohorts of hospitalized pat- 
ients demonstrated an association of IgAD with infections, 
allergies and autoimmune diseases. The latter prevalence 
was estimated to be 7–36% among patients with IgAD 
compared to 3–5% in other western populations. In a recent 
work Jorgensen and co-authors to studied the co-occurrence 
of  IgAD and autoimmunity within families. Forty-three IgAD 
patients (32 adults and 11 children) and their first-degree 
relatives were evaluated for the presence of autoimmunity 

utilizing a structured questionnaire. Of 32 adults with IgAD, 
8 (25%) were diagnosed with a defined organ-specific or 
systemic autoimmune diseases; 4 of them were diagnosed 
with two autoimmune diseases. Of 269 first-degree relatives 
of IgAD patients 27 (10%) were also diagnosed with a defined 
autoimmune disease. This prevalence is significantly higher 
than expected (5%) among the general population. None of 
the 11 children with IgAD was diagnosed with autoimmunity. 
Autoimmune diseases appear to be highly prevalent 
in subjects with IgAD as well as in their close relatives, 
suggesting that a complex interplay of genetic susceptibility 
and perhaps other environmental factors are involved in 
IgAD-related autoimmunity. 
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Familial aggregation of igad and autoimmunity 

“in dwelling, live close to the ground
in thinking, keep to the simple
in conflict, be fair and generous
in governing, don't try to control
in work, do what you enjoy
in family life, be completely present”

Lao Tzu (6th century BCE), a record-keeper at the Zhou Dynasty court, This text comes from  
Tao Te Ching, a Chinese classic text that is fundamental to Taoism




