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Abstract
Summary In this study, we characterized longitudinal changes
of volumetric bone mineral density and cortical and trabecular
microstructure at the distal radius using HR-pQCT in female
systemic lupus erythematosus (SLE) patients on long-term
glucocorticoids. Cortical thinning and increased cortical po-
rosity are the major features of longitudinal microstructural
deterioration in SLE patients.
Introduction The study aims to characterize longitudinal
changes of volumetric bone mineral density (vBMD)
and bone microstructure at distal radius in female sys-

temic lupus erythematosus (SLE) patients on long-term
glucocorticoids.
Methods This 2-year case-control study consisted of 166 pre-
menopausal subjects (75 SLE patients and 91 controls) and 79
postmenopausal subjects (44 SLE patients and 35 controls).
We obtained areal BMD (aBMD) by dual-energy X-ray ab-
sorptiometry at multiple skeletal sites and indices of vBMD
and microstructure at distal radius by high-resolution periph-
eral quantitative computed tomography (HR-pQCT) at base-
line, 12 and 24 months.
Results In either premenopausal or postmenopausal sub-
jects, changes in aBMD did not differ between patients
and controls except that decrease in aBMD at total hip
at 24 months in premenopausal patients was significantly
higher. In premenopausal subjects, decrease in cortical area
(−0.51 vs. −0.06 %, p=0.039) and thickness (−0.63 vs.
0.02 %, p=0.031) and increase in cortical porosity (21.7
vs. 7.16 %, p=0.030) over study period were significantly
larger in patients after adjustment of age and body mass
index. Decreased in trabecular vBMD was significantly
less (−0.63 vs. −2.32 %, p=0.001) with trabecular micro-
structure better maintained in patients. In postmenopausal
subjects, decrease in cortical vBMD (−2.66 vs. −1.56 %,
p=0.039) and increase in cortical porosity (41.6 vs.
16.3 %, p=0.021) were significantly higher in patients,
and there was no group-wise difference in change of tra-
becular microstructure.
Conclusion Longitudinal microstructural deterioration in
SLE is characterized by cortical thinning and increased corti-
cal porosity. Cortical bone is an important source of bone loss
in SLE patients on glucocorticoids.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic debilitating
autoimmune disease with heterogeneous manifestations that
can involve multiple organ systems simultaneously or sequen-
tially [1]. SLE predominantly affects females of childbearing
age and over time, uncontrolled disease activity leads to irre-
versible organ damage [2]. Osteoporosis is a common and
important comorbidity associated with SLE. SLE patients
are at a heightened risk of osteoporosis for various reasons,
including active inflammation, use of glucocorticoids, bio-
chemical abnormalities, and decreased physical activity [3].
These factors have become more prominent with improved
survival of SLE in the past 5 decades [2].

Areal bone mineral density (aBMD) obtained by dual-
energy X-ray absorptiometry (DXA) is currently the standard
imaging technique used to define osteoporosis and assess frac-
ture risk. Although aBMD explains approximately 70 % of
bone strength, fragility fractures occur frequently in the ab-
sence of osteoporotic aBMD in SLE patients [4, 5]. As a two-
dimensional projectional imaging technique, aBMD reveals
little regarding compartmental differences in bone mass and
other structural features critical to the maintenance of bone
strength [6]. High-resolution peripheral quantitative computed
tomography (HR-pQCT) is a dedicated peripheral imaging
technique capable of in vivo quantification of compartmental
volumetric BMD (vBMD) and microstructure at the distal
radius and tibia [7]. Several clinical studies have shown that
HR-pQCT reveals bone microstructural features that can im-
prove both fracture discrimination [8] and the monitoring of
therapeutic effect [9, 10].

We previous reported a cross-sectional HR-pQCT study in
a group of Chinese female SLE patients on long-term gluco-
corticoids and a group of age-matched female controls without
SLE [11]. Our results showed that microstructural deficits at
the distal radius in SLE predominantly occurred in the cortical
compartment with thinner cortices and higher cortical porosity
[11]. These deficits were most pronounced in patients with
organ damage [11–13]. Prospective studies investigating lon-
gitudinal bone loss in SLE patients are scanty, and bone loss
could not be specifically attributed to SLE disease as none of
these studies employed a matched control group [14–17].

To address these questions, in this 2-year case-control lon-
gitudinal study, HR-pQCT was used to evaluate changes of
vBMD and cortical and trabecular microstructure at the distal
radius in female SLE patients on long-term glucocorticoids.
Our aims were (1) to characterize longitudinal changes of
compartmental bone density, geometry, and microstructure
in Chinese female SLE patients on long-term glucocorticoids
and to compare these changes with those seen in age-matched
females without SLE, and (2) to investigate the relationship
between these changes and disease characteristics including
organ damage and use of glucocorticoids.

Materials and methods

Subjects

A cohort of Chinese female SLE patients were recruited from
the outpatient rheumatology clinics at the Prince of Wales
Hospital and Alice Ho Miu Ling Nethersole Hospital, Hong
Kong, and a cohort of age-matched (±3 years) females without
SLE were invited from the hospital staff and local community
as the control group. The detailed baseline characteristics of
this study cohort have been reported elsewhere [11]. All SLE
patients fulfilled the American College of Rheumatology re-
vised criteria for the classification of SLE [18] and were re-
ceiving oral glucocorticoids of not less than 5 mg daily
(prednisolone-equivalent) continuously for at least 1 year pri-
or to the entry of the study. Exclusion criteria were as follows:
(1) history of a disorder that could affect bone metabolism,
including chronic renal impairment (chronic kidney disease
stage IV or V), type 1 DM, unstable cardiovascular disease,
thyroid or parathyroid disease, malignancy, or chronic liver
disease; (2) history of using thyroid or parathyroid hormone,
anti-osteoporosis therapy including anti-resorptive drugs, cal-
citonin, fluoride, estrogen, or selective estrogen receptor mod-
ulator; and (3) pregnant or breastfeeding. Age-matched female
controls were subjected to the above exclusion criteria and, in
addition, had no history of any autoimmune disease and had
no history of use of glucocorticoids. Calcium and vitamin
supplements were allowed for patients and controls. A total
of 149 SLE patients and 139 controls agreed to participate in
this 2-year longitudinal study and received annual assess-
ments by DXA and HR-pQCT. In order to exclude the drastic
effect of the event of menopause, participants who had under-
gone change from premenopausal to postmenopausal status
during the study period (12 patients and 13 controls) were
excluded from the longitudinal analyses. During the study
period, glucocorticoids were stopped in five patients, and 13
pa t i e n t s r e c e i v ed an t i - o s t e opo r o s i s t h e r a p i e s
(bisphosphonates). These patients were further excluded from
the longitudinal analyses. No controls received anti-
osteoporosis therapies during the study period. The final co-
hort for the current study therefore consisted of 119 SLE pa-
tients and 126 controls (66 and 70 %, respectively, of the
baseline cohort). The study was approved by the Joint
Chinese University of Hong Kong—New Territories East
Cluster Clinical Research Ethics Committee with written in-
formed consent obtained from all study subjects.

Assessment of demographics and disease characteristics

The following demographics were recorded: age, body
weight, body height, menopausal status, smoking, and drink-
ing habit. Bodymass index (BMI) was calculated. Menopause
was defined as amenorrhea for at least one complete year and
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the age of menopause as the age of the last menstrual flow of
any amount.

At baseline, disease activity was measured by the SLE
Disease Activity Index (SLEDAI), with a higher score indi-
cating higher disease activity [19]. Cumulated organ damage
was measured by the Systemic Lupus International
Collaborating Clinics/American College of Rheumatology
Damage Index (SDI), with a higher score indicating more
organ damage [20]. Cumulative dose and duration of oral
glucocorticoids were calculated since onset of disease until
entry to the study. All doses of oral glucocorticoids were pred-
nisolone-equivalent.

Assessment by DXA

aBMD of the hip (total left hip and femoral neck), lumbar
spine (L1–L4), and ultradistal radius of the nondominant fore-
arm was performed on a standard DXA system (Hologic
DelphiW, Bedford,MA, USA) at baseline, 12 and 24months.
aBMD of the hip could not be performed in one SLE patients
due to bilateral hip replacements, while two controls did not
undergo DXA scan at 24 months. DXA scan of the ultradistal
radius spanned for 15 mm starting 10 mm proximal to the
ulnar tip. Follow-up measures were obtained on the same
scanner for each subject. aBMD results were expressed in
grams per squared centimeters. Changes at 12 and 24 months
were expressed as the percentage difference from baseline and
compared between groups in premenopausal and postmeno-
pausal subjects, respectively. Our short-term precision error of
aBMDbyDXA, expressed as the root mean square coefficient
of variance (RMSCV), ranges from 0.72 to 1.5 % [21].

Assessment by HR-pQCT

Imaging and image registration

Cross-sectional geometry, vBMD, and microstructure were
measured at the distal radius of the nondominant forearm
using HR-pQCT (Scanco Medical AG, Brüttisellen,
Switzerland) at baseline, 12 and 24 months. The participant’s
forearm was immobilized in a carbon fiber cast, and a dorsal-
palmer projection image was obtained to define the tomo-
graphic scan region. The scan region was fixed 9.5 mm prox-
imal from the mid-joint line and spanned 9.02 mm proximally
in length, equivalent to a stack of 110 slices. All longitudinal
image analyses were subjected to the same volume of interest
(VOI) matching the baseline, 12- and 24-months measure-
ments. Identification of the same region was conducted using
the software provided by the manufacturer, which matches
corresponding images by their total cross-section area. Only
the bone volume common to the baseline, 12- and 24-months
measurements, was used for the image analyses. The average
number of slices utilized for longitudinal image analyses was

104 (range 93–109) slices per subject with an average com-
mon region of 93.4 (range 84–99 %). Changes at 12 and
24months for all parameters were expressed as the percentage
difference from baseline and compared between groups in
premenopausal and postmenopausal subjects, respectively.

Standard analysis

Evaluation of 3D scan data was performed by Image
Processing Language (IPL v5.08b, Scanco Medical AG,
Brüttisellen, Switzerland). Images were first analyzed using
a standard evaluation protocol [7]. The entire VOI was auto-
matically separated into cortical and trabecular region using a
threshold-based algorithm. The threshold used to discriminate
cortical from trabecular bone was set to one third of the ap-
parent cortical density value. By this segmentation, we obtain-
ed cross-sectional area for cortical and trabecular bone (mm2).
Cortical thickness was calculated as the mean cortical volume
divided by the outer bone surface. Integral and trabecular
vBMD inmilligram hydroxyapatite (HA) per cubic centimeter
was computed as the average mineral density within the entire
and trabecular VOI, respectively. The trabecular compartment
was divided into two subregions: inner 60 % subregion locat-
ed at the central medullary cavity and outer 40 % subregion
located adjacent to the cortex. Trabecular bone volume frac-
tion (BV/TV) was derived from trabecular vBMD assuming a
fixed mineralization of 1.2 g HA/cm3. Trabecular number was
defined as the mean inverse distance between 3D ridges (the
centroid of trabeculae). Trabecular thickness and separation
were then derived from BV/TV and trabecular number using
standard stereological relations. Our short-term HR-pQCT re-
producibility, expressed as RMSCV, ranged from 0.38 to
1.03 % for density measures, from 0.28 to 1.10 % for geomet-
ric measures, and from 1.72 to 3.73 % for microstructural
measures [22].

Extended cortical bone analyses

The cortical bone analyses obtained from the standard evalu-
ation protocol have been reported to perform poorly for sub-
jects with very thin or porous cortices, and the coarse segmen-
tation precludes quantification of intracortical porosity, which
is an important determinant of cortical microstructure [23, 24].
Therefore, a fully automated cortical compartment segmenta-
tion technique adapted from the algorithm described by Buie
et al [23] was applied [25]. The software for the extended
cortical bone analyses was implemented within the manufac-
turer’s IPL and was incorporated via extension into the man-
ufacturer’s visualization (μCT Evaluation v6.0, Scanco
Medical AG) and analysis software [25]. Based on this seg-
mentation, cortical vBMD was calculated as the mean miner-
alization value for all voxels in the cortical VOI. Avolumetric
index of intracortical porosity, denoted Ct.Po (%), was
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calculated based on the cortical pore volume (Ct. PoV) and the
mineralized intracortical bone volume (Ct. BV): Ct. Po=Ct.
PoV/(Ct. PoV+Ct. BV). In addition, a direct 3D calculation
of cortical thickness, namely apparent cortical thickness, was
performed on composite segmentations of the mineralized
cortex and porosity, disregarding intracortical pore surfaces
in the calculations. This apparent cortical thickness represents
a direct 3D measure of endosteal-periosteal distance.

Statistical analyses

Statistical analyses were performed using the IBM Statistics
Package for Social Sciences (IBM SPSS Statistics 20, SPSS
Inc, Chicago, IL, USA). Demographics of SLE patients and
controls were compared using Student’s t test or Mann-
Whitney U test or chi-square test depending on the type and
distribution of the data. Analyses of time-related changes were
performed in premenopausal and postmenopausal subjects,
separately. Changes at 12 and 24 months for all parameters
were expressed as the percentage difference from baseline.
Statistical significance of the changes with respect to baseline
of all parameters and group-wise differences in these changes
was analyzed using repeated measure analysis of variance
(RMANOVA) with Bonferroni-corrected pairwise compari-
sons. Normality was tested for all parameters. For
nonnormally distributed parameters (trabecular separation,
cortical pore volume, Ct.Po), transformation was performed
by box-cox analysis to assume normality. Between-group dif-
ferences in percentage changes were further adjusted by age
and BMI in premenopausal subjects and adjusted by age,
BMI, and age of menopause in postmenopausal subjects.
Correlations between percentage changes in vBMD, geomet-
ric and microstructural indices, and indices of disease charac-
teristics, including disease duration, organ damage, and use of
glucocorticoids, were analyzed using Spearman’s correlation
and were performed in all SLE patients. All hypotheses were
two-tailed, and a p<0.05 was considered statistically
significant.

Results

Demographics and disease characteristics

Table 1 shows the baseline demographics and disease charac-
teristics of the study subjects. The study cohort consisted of
middle-aged females. One hundred and sixty-six subjects
were premenopausal (75 SLE patients and 91 controls), and
79 subjects were postmenopausal (44 SLE patients and 35
controls). The percentage of postmenopause did not differ
between patients and controls (37 vs. 27.8 %, p=0.124). In
either premenopausal or postmenopausal subjects, SLE pa-
tients were significantly younger than controls and BMI was

significantly lower in SLE patients. Menopause occurred at a
significantly younger age in patients. Smoking and drinking
habit did not differ between the two groups. At baseline, the
mean (SD) disease duration of all SLE patients was 11.8 years
(6.9). Disease activity at baseline was low. The most common
organ damage was ocular (10.9 %), neuropsychiatric
(10.1 %), and renal (6.7 %) damage. Four (3.4 %) patients
had musculoskeletal damage at baseline. All patients were
on oral glucocorticoids at baseline with a median daily dose
of 5 mg, a median cumulative dose of 19.7 g, and a median
duration of 9.8 years.

During the study period, new organ damage occurred in 12
(10.9 %) of 119 SLE patients (Table 1). The most common
new organ damage was ocular damage (four patients), skin
damage (four patients), and neuropsychiatric damage (two
patients). All patients received oral glucocorticoids during
the study periodwith a median cumulative dose of 4.1 g (pred-
nisolone-equivalent). One hundred and thirteen (95 %) pa-
tients received calcium supplement and/or vitamin D during
the study period. Twenty-two (17.5 %) controls reported use
of calcium and/or vitamin D supplement, and no control re-
ceived anti-osteoporotic therapy during the study period.

Premenopausal subjects

Change of aBMD

In SLE patients, there was no significant overtime change of
aBMD at the femoral neck, total hip, lumbar spine, or
ultradistal radius (Table 2). In controls, increase in aBMD at
the total hip (0.38 %, p=0.030) and lumbar spine (0.72 %, p=
0.002) at 12 months, as well as decrease in aBMD at the
ultradistal radius (−1.84 %, p<0.0001) at 24 months was sig-
nificant. There was significant group-wise difference in
change of aBMD at the total hip at 24 months (patients vs.
controls: −0.58 vs. 0.17 %, p=0.045), and such difference
remained significant after adjustment of age and BMI (p=
0.043). Otherwise, there was no group-wise difference in
changes of aBMD.

Changes of vBMD

In SLE patients, at 12 months, there were small but significant
increases in integral, trabecular, and cortical vBMD (0.28 to
0.72 %, all p<0.05) (Fig. 1). However, at 24 months, integral
vBMD decreased significantly from baseline (−0.71 %, p=
0.004), while trabecular and cortical vBMD returned to base-
line levels (both p>0.05). In controls, integral, trabecular, and
cortical vBMD decreased significantly at 24 months (−0.42 to
−2.32 %, all p<0.0001). At 12 months, there was also a small
increase in cortical vBMD (0.29 %, p=0.002). Group-wise
difference was only observed in changes of trabecular
vBMD. Decrease in trabecular vBMD was significantly less
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in patients than in controls for the whole region (0.72 vs.
−0.39 % at 12 months, −0.63 vs. −2.32 % at 24 months, both
p=0.001), the outer subregion (0.83 vs. −0.25% at 12months,
−0.61 vs. −2.09 % at 24 months, both p<0.0001), and the
inner subregion (0.61 vs. −0.64 % at 12 months, −0.63 vs.
−2.7 % at 24 months, both p<0.05). These differences
remained significant after adjustment of age and BMI.

Changes of bone geometry

In SLE patients, trabecular area increased and cortical area
decreased over the study period, with significant changes seen
at 12 months (0.13 and −0.46 %, respectively, both p<0.05)
(Fig. 1). Endocortical perimeter increased significantly at
24 months in patients (0.23 %, p=0.001). In contrast, there
was no significant overtime changes in bone geometry over
the study period in controls. Increase in trabecular area and
decrease in cortical area were significantly larger in patients at
12 months, and such differences remained significant after
adjustment of age and BMI. Decrease in cortical area was also
significantly greater in patients at 24 months after adjustment
of age and BMI.

Changes of bone microstructure

In SLE patients, there was no significant overtime change in
indices of trabecular microstructure such as trabecular num-
ber, thickness, and separation (Fig. 1). In controls, trabecular
number decreased (−1.56 %, p=0.030) and trabecular separa-
tion increased (2.46 %, p=0.009) significantly at 24 months.
There were significant group-wise differences in changes of
trabecular separation and number (following adjustment of

age and BMI) at 12 months, where patients showed better
preservation of trabecular microstructure.

Cortical thickness decreased significantly at 12 (−0.51 %,
p=0.001) and 24 months (−0.63 %, p=0.034) in SLE patients
but showed maintenance in controls. Group-wise comparison
showed significant difference at 12 months (p=0.002), and
difference at 24 month was significant after adjustment of
age and BMI (adjusted p=0.031). In contrast, apparent corti-
cal thickness showed significant increase in controls (0.88 %
at 12 months, 0.63 % at 24 months, both p<0.05) but main-
tenance in patients (0.36% at 12months, 0.61% at 24months,
both p>0.05). There was no group-wise difference in changes
of apparent cortical thickness. Cortical pore volume and Ct.Po
showed significant increase in both groups at 24 months with
significantly greater increase in patients after adjustment of
age and BMI.

Postmenopausal subjects

Changes of aBMD

In both groups, over the study period, there were significant
declines in aBMD at the femoral neck, total hip, lumbar spine,
and ultradistal radius with no significant group-wise differ-
ence at any time point (Table 2).

Changes of vBMD

In SLE patients, integral, trabecular, and cortical vBMD de-
creased significantly over the study period (−2.61 to −5.43 %
at 24 months, all p<0.0001) (Fig. 2). Similar trends of de-
crease were also found in controls (−1.56 to −4.36 % at
24 months, all p<0.0001). Decrease in trabecular vBMD at

Table 2 Changes of areal bone mineral density in systemic lupus erythematosus (SLE) patients and in controls

SLE patients Controls Group-wise difference

Variables Baseline % change at M12 % change at M24 Baseline % change at M12 % change at M24 p (at M12) p (at M24)

Premenopausal (75 patients, 91 controls)

Femoral neck 0.71±0.11 0.22±2.96 −0.57±3.97 0.76±0.11 −0.03±2.65 −0.17±3.33 0.572 0.550

Total hip 0.86±0.12 0.21±2.16 −0.58±2.72 0.89±0.13 0.38±1.76* 0.17±2.16 0.512 0.045

Lumbar spine 0.97±0.14 0.22±2.87 0.15±4.01 1.02±0.13 0.72±2.28* 0.31±2.60 0.163 0.666

Ultradistal radius 0.43±0.06 2.67±15.6 1.69±15.0 0.44±0.05 0.19±7.56 −1.84±4.37* 0.488 0.135

Postmenopausal (44 patients, 35 controls)

Femoral neck 0.71±0.11 −1.00±3.05* −2.13±3.55* 0.69±0.09 −0.94±2.97* −2.30±3.64* 0.899 0.850

Total hip 0.86±0.12 −0.63±1.70* −1.36±2.89* 0.85±0.10 −0.66±2.13* −1.98±3.16* 0.782 0.357

Lumbar spine 0.97±0.14 −0.86±3.25 −1.54±3.68* 0.90±0.11 −0.40±2.27 −1.72±3.31* 0.428 0.902

Ultradistal radius 0.43±0.06 −3.34±9.74* −5.47±10.87* 0.41±0.05 −2.60±3.61* −4.87±5.32* 0.615 0.693

Results are mean±SD. Boldface indicates statistical significant group-wise difference

*p<0.05 compared with baseline of respective group
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12months was significantly less (0.57 vs. −0.57%, p=0.025),
and decrease in cortical vBMD at 24 months was significantly
greater (−2.66 vs. −1.56 %, p=0.039) in patients than in
controls. Subregion analyses showed no group-wise dif-
ferences in change of trabecular vBMD of inner region

(−5.32 vs. −4.14 % at 24 months, p>0.05) but signifi-
cantly less decrease in the outer region in patients at
24 months (−1.15 vs. −2.75 %, p=0.041). These differ-
ences remained significant after adjustment of age, BMI,
and age of menopause.

Fig. 1 Plots of average percentage change at 12 and 24months of indices
of volumetric bone mineral density (vBMD), geometry, trabecular (Tb.),
and cortical (Ct.) microstructure in premenopausal systemic lupus
erythematosus (SLE) patients (solid line, black box) and premenopausal

controls (dotted line, open triangle). Bars represent standard error of
means. *p<0.05 compared with baseline of respective group. †p<0.05
between SLE patients and controls. ‡p<0.05 after adjustment of age and
body mass index
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Changes of bone geometry

In both groups, trabecular area increased significantly and
cortical area decreased significantly over the study period with

no group-wise difference (Fig. 2). Endocortical perimeter in-
creased significantly at 24 months in SLE patients but was
preserved in controls. Change of endocortical perimeter did
not differ between groups.

Fig. 2 Plots of average percentage change at 12 and 24months of indices
of volumetric bone mineral density (vBMD), geometry, trabecular (Tb.),
and cortical (Ct.) microstructure in postmenopausal systemic lupus
erythematosus (SLE) patients (solid line, black box) and postmenopausal

controls (dotted line, open triangle). Bars represent standard error of
means. *p<0.05 compared with baseline of respective group. †p<0.05
between SLE patients and controls
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Changes of bone microstructure

There was no significant overtime change or group-wise dif-
ference in changes of trabecular microstructural indices
(Fig. 2). Cortical thickness and apparent cortical thickness
decreased significantly in both groups. Decrease in apparent
cortical thickness was comparable between patients and con-
trols (−3.83 vs. −3.38 % at 24 months, p>0.05). Decrease in
cortical thickness tended to be larger in patients (−5.88 vs.
−3.81 % at 24 months). However, group-wise difference
was not significant. Cortical pore volume and Ct.Po increased
significantly in both group over the study period with signif-
icantly larger increase seen in patients at 24 months (both
p<0.05). These differences remained significant after adjust-
ment of age, BMI, and age of menopause. Figure 3 shows
representative images of 3D visualization of the cortices of a
postmenopausal SLE patient and an age-matched postmeno-
pausal control.

Relationship with baseline disease characteristics in SLE
patients

Table 3 presents the correlation coefficients between changes
of indices of vBMD, geometry, and microstructure over
24 months and indices of baseline disease characteristics in
SLE patients. Longer disease duration at baseline was only
significantly associated with a larger decrease in cortical area.
Baseline organ damage (higher SDI score) was significantly
associated with larger decrease in integral and cortical vBMD,
cortical area, and apparent cortical thickness, as well as larger

increase in trabecular area. Longer duration of use of gluco-
corticoids was also associated with greater changes in bone
geometry as well as larger decline in cortical thickness.
Cumulative dose of glucocorticoids at baseline did not influ-
ence changes of any bone density or microstructure. In gener-
al, changes of trabecular microstructure and cortical porosity
were not associated with disease characteristic indices.

Discussion

This is the first case-control prospective study investigating
longitudinal changes of cortical and trabecular microstructure
using HR-pQCT in Chinese SLE patients. Compared with
controls, microstructural changes at the distal radius in SLE
patients were characterized by significant deterioration in cor-
tical microstructure, manifested as a decrease in cortical area
and thickness and an increase in cortical porosity. This pro-
gressive structural deterioration was seen in both premeno-
pausal and postmenopausal patients. Decrease in cortical
vBMD relative to controls was also prominent in postmeno-
pausal SLE patients. Trabecular vBMD and microstructure,
both in the outer and inner subregions, appeared to be better
maintained in SLE patients. Changes of bone density and
microstructure in SLE patients were associated primarily with
disease severity and, to a lesser extent, with the use of
glucocorticoids.

This longitudinal study confirmed our previous findings
from a cross-sectional study that structural deterioration at
the distal radius in SLE patients mainly affected the cortical

Fig. 3 Representative HR-pQCT
images of 3D visualization of the
cortices (baseline, 12 months, and
24 months) of the distal radius of
a postmenopausal systemic lupus
erythematosus (SLE) patient and
a postmenopausal control.
Cortical bone is depicted in
transparent gray and cortical
pores in solid red. Progressive
cortical porosity is more
prominent in SLE patient than in
control (color figure online)
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bone [11]. In premenopausal SLE patients, there was an ac-
celerated decrease in cortical area and thickness as well as an
accelerated increase in cortical porosity after adjustment of
age and BMI. Compared to controls, in postmenopausal
SLE patients, decrease in cortical vBMD and increase in cor-
tical porosity were significantly more prominent. Decrease in
cortical area and thickness was also larger in postmenopausal
patients than in controls, albeit not statistically significant.
Cortical thinning seemed to be the result of continued
endocortical bone resorption evidenced by a significant in-
crease in endocortical perimeter that was only found in SLE
patients. Reduced concurrent periosteal apposition, which
fails to offset the endocortical bone loss, might also contribute
to the cortical thinning [26]. In contrast to cortical thickness,
changes of apparent cortical thickness were comparable be-
tween SLE patients and controls. In premenopausal patients,
cortical thickness decreased significantly, while apparent cor-
tical thickness showed an increasing trend over time, despite
not statistically significant. In postmenopausal patients, de-
creased in apparent cortical thickness was less than that in
cortical thickness, and the decrease was similar to that in con-
trols. This discrepancy could be explained by the difference in
segmentation techniques employed in the two analyses proto-
col. The standard analysis protocol, which yields cortical
thickness, uses a fixed threshold to separate cortex from back-
ground [7]. This segmentation risks losing thin cortical shell
that is undistinguished from the trabeculae, especially in sub-
jects with very thin and highly porous cortices [23]. The ap-
parent cortical thickness, which disregards intracortical pore

surfaces in the local calculation, may partially correct such
loss and downsize the extent of cortical thinning [25].
Therefore, this discordance between changes of cortical thick-
ness and those of apparent cortical thickness, which is most
noticeably in SLE patients, might be reflecting progressive
cortical porosity, particularly on the endocortical surface, in
these patients.

This significant cortical bone loss at the distal radius in
SLE patients was accompanied by better maintenance of
trabecular vBMD, significantly enlarged trabecular area,
and preserved trabecular microstructure. This was more
prominent in premenopausal SLE patients in whom relative
to controls, trabecular number and separation improved sig-
nificantly at 12 months. In both trabecular subregions, loss
in trabecular vBMD was less in SLE patients than in con-
trols, and such loss appeared to be even less in the outer
than in the inner subregion. These compartmental differ-
ences in changes in vBMD and structure could be due to
compensatory adaptation from the trabecular compartment
for the bone loss in the cortical compartment and/or
endocortical resorptive activity which Btrabecularizes^ cor-
tical bone, leaving bone fragments and expanding a well-
trabeculated trabecular area [27, 28]. However, scanning
electron microscope studies on postmortem hip specimens
showed that these cortical remnants had chaotic architecture
and may not confer the same mechanical strength as
healthy trabeculae [28]. Instead, their presence may lead
to overestimation of trabecular density, obscuring the true
trabecular bone loss.

Table 3 Spearman’s correlation
coefficients between 24-month
percentage changes of indices of
vBMD and microstructure at the
distal radius and indices of dis-
ease characteristic at baseline in
SLE patients

Boldface indicates statistically
significant correlation

vBMD volumetric bone mineral
density, SLE systemic lupus
erythematosus, SDI Systemic
Lupus International Collaborating
Clinics/American College of
Rheumatology Damage Index,
Tb. trabecular, Ct. cortical,
BV/TV trabecular bone volume
fraction

*p<0.05; **p<0.01)

Variables Disease duration SDI score Cumulative dose
of glucocorticoids

Cumulative duration
of glucocorticoids

vBMD

Δ Integral vBMD −0.149 −0.200* −0.088 −0.175
Δ Tb. vBMD 0.085 0.069 −0.016 0.027

Δ Ct. vBMD −0.094 −0.217* −0.08 −0.101
Geometry

Δ Tb. area 0.178 0.213* 0.148 0.242**

Δ Ct. area −0.185* −0.188* −0.062 −0.227*
Δ Endocortical perimeter 0.104 0.103 0.13 0.202*

Tb. microstructure

Δ BV/TV 0.085 0.069 −0.016 0.027

Δ Tb. number −0.047 −0.123 −0.026 0.013

Δ Tb. thickness 0.094 0.14 0.041 0.03

Δ Tb. separation 0.042 0.123 0.031 −0.013
Ct. microstructure

Δ Ct. thickness −0.177 −0.178 −0.056 −0.226*
Δ Apparent Ct. thickness −0.162 −0.182* −0.044 −0.122
Δ Ct. pore volume −0.014 0.111 −0.074 −0.0003
Δ Ct. porosity index 0.034 0.134 −0.054 0.046
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In contrast to the findings by HR-pQCT, changes of aBMD
at multiple skeletal sites assessed by DXA did not show any
group-wise differences, except for aBMD at total hip which
decreased to a significantly larger extent at 24 months in pre-
menopausal patients compared to their counterparts. aBMD
ultradistal radius appeared to be better maintained in premen-
opausal patients than in controls. As a 2D integral measure,
aBMD is confounded by bone size and is unable to detect
compartmental changes in bone density and structure, and
the resolution of DXA is not sufficient to detect microstruc-
tural features such as cortical porosity. The seemingly pre-
served aBMD at the distal radius in SLE patients might be
reflecting the preserved trabecular vBMD in this group, which
is most likely the result of aggressive endocortical remodeling
and an expanded trabecular region.

The structural deterioration in cortical bone revealed by
HR-pQCT provides a structural basis of the development
and progression of osteoporosis in SLE patients, which is
not evident on measurement of aBMD by DXA. In SLE pa-
tients on long-term glucocorticoids, fracture risk increases not
only at the vertebrae but also at skeletal sites that are mainly
cortical, such as hips [3, 29]. The significant cortical bone loss
found at the distal radius in SLE patients may represent a
common trait across skeletal sites and likely a contributor to
the heightened fracture risk. Cortical thinning and porosity
reduce compressive and bending strength and the resistance
of bone to the initiation and propagation of microcracks [30].
Previous cross-sectional studies using HR-pQCT have shown
that alterations in cortical microstructure were able to distin-
guish, independently of aBMD, postmenopausal females with
and without fracture [31, 8]. Reduced cortical area and signif-
icant cortical thinning at the distal radius have also been asso-
ciated with vertebral fracture in postmenopausal females [32]
and in those on long-term glucocorticoids [33, 34]. Our results
indicate cortical bone as an important source of bone loss in
SLE patients on long-term glucocorticoids and that HR-pQCT
has the potential to better characterize longitudinal microstruc-
tural changes of the bone that are associated with bone
fragility.

Consistent with our previous findings, we found limited
effect of glucocorticoids on vBMD and microstructure at the
distal radius [11, 12]. A higher baseline cumulative dose of
glucocorticoids had no influence on any changes of bone den-
sity and microstructure at the distal radius. Our results also
confirmed our previous findings that disease severity contrib-
utes to bone loss in SLE patients [12]. Density and microstruc-
tural deterioration at cortical compartment was greater in SLE
patients with more organ damage at the baseline. The presence
of organ damage in SLE represents a more severe form of the
disease, reflecting various aspects of the disease such as per-
sistent inflammation, autoantibody production, elevated se-
rum mediators, and genetic factors, as well as medications
used to treat the disease [35–38]. Our results suggest that early

detection and limitation of tissue damage before clinically
overt organ damage may help to prevent osteoporosis in SLE.

There are several limitations in our study. First, only the
distal radius was studied and not the distal tibia. The distal
radius was chosen because unlike the tibia, the radius is a non-
weight-bearing bone. Varied physical capability in a group of
SLE patients with diverse disease severity could confound the
bone turnover rate and, hence, measurements of density and
microstructure at the distal tibia [39, 40]. Second, image anal-
yses were conducted on the common region between baseline
and follow-up scans which was determined by matching the
two-dimensional cross-sectional area. This area-based image
registration method has been criticized for obscuring changes
in bone size, such as change in periosteal apposition, as a
result of growth, disease, or therapy [41]. Third, biochemical
parameters such parathyroid hormone and bone turnover
markers were not measured in our study. Fourth, our study
included only SLE patients on long-term glucocorticoids.
Comparison with SLE patients not receiving glucocorticoids
would be beneficial in segregating the effect of disease and the
effect of glucocorticoids on longitudinal changes in vBMD
and microstructure. However, as glucocorticoids remain the
mainstay of treatment, the sample size of this third group is
likely to be small, and this group is also likely to consist of
SLE patients with mild disease and low-grade inflammation.
Fifth, some changes in premenopausal subjects were within
the RMSCVof the DXA or HR-pQCT measurements. A lon-
ger follow-up on these subjects will be needed to confirm our
findings. Finally, our study was conducted in a group of
Chinese females. Racial differences in bone density, geome-
try, and microstructure must be considered when applying our
results on other races. A recent cross-sectional HR-pQCT
study found that Caucasian SLE females compared to controls
had fewer and more widely separated trabeculae but preserved
cortical thickness and similar cortical porosity at the distal
radius [42]. However, this study was conducted on a relatively
small sample of patients (n=33), and only 22 (67 %) patients
were currently on glucocorticoids.

In conclusion, in this 2-year case-control study, microstruc-
tural changes at the distal radius in SLE patients were charac-
terized by significant deterioration in cortical bonemicrostruc-
ture with an exaggerated decrease in cortical area and thick-
ness and an exaggerated increase in cortical porosity. This
progressive structural deterioration at the distal radius was
seen in both premenopausal and postmenopausal patients.
Decrease in cortical vBMD relative to controls was also prom-
inent in postmenopausal patients. This deterioration in cortical
bone structure was accompanied by a better maintenance of
trabecular vBMD and relatively preserved trabecular micro-
structure. Our results indicate cortical bone as an important
source of bone loss in SLE patients on long-term glucocorti-
coids and show that HR-pQCT can detect longitudinal com-
partmental differences in bone microstructure known to be
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associated with bone fragility beyond those revealed by
aBMD.
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