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Abstract
Background: The fracture risk assessment tool has been widely used to stratify the 10-year
fracture risk to guide therapy. Using the actual fracture data of a 10-year longitudinal cohort
of older patients with systemic lupus erythematosus, we reported an underestimation of the
tool in predicting major symptomatic osteoporotic fractures. Treatment of osteoporosis in
systemic lupus erythematosus should not be based on fracture risk estimation alone. Relevant
time-dependent risk factors should be taken into account for an individualized decision.
Objective: To compare the observed fracture incidence in a 10-year longitudinal cohort of
patients with systemic lupus erythematosus (SLE) with the fracture risk prediction from the
fracture risk assessment (FRAX] tool.
Methods: Adult patients (=40 years) with SLE who had a first DEXA scan performed in 2005-
2009 were studied. The 10-year rates of major osteoporotic and hip fractures were estimated
by FRAX using clinical data at DEXA with adjustment for prednisolone dosage. The actual
incidence of clinical fractures at 10 years was compared with the estimated rates. Factors
associated with new fractures were studied by logistic regression.
Results: A total of 229 SLE patients were studied (age: 50.2 + 6.6 years, 93% women).
Glucocorticoid was used in 148 (65%) patients at baseline (mean dose: 7.3 = 6.9 mg/day;
34%=17.5 mg/day). Osteoporosis (bone mineral density T score <-2.5) at the hip, femoral
neck, or spine was present in 61 (27%]) patients. The estimated 10-year risk of major
osteoporotic and hip fractures by FRAX was 3.4 = 4.5% and 0.95 = 2.3%, respectively. After
10 years, three patients developed hip fracture, 6 patients had limb fractures and 20 patients
had symptomatic vertebral fractures (major osteoporotic fracture 12.7%, hip fracture 1.3%).
The actual major osteoporotic fracture rate was significantly higher than the FRAX estimation
(12.7% vs 3.4%; p <0.001). Logistic regression revealed that osteoporosis (odds ratio (OR]: 4.07
[1.51-10.9]), previous fragility fracture (OR: 3.18 [1.02-9.90]), and a parental history of fracture
(OR: 4.44 [1.16-17.0]) were independently associated with new clinical fractures at 10 years.
Conclusion: The FRAX tool underestimates the major clinical fracture risk at 10 years in
patients with SLE.
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include glucocorticoid (GC) treatment, vitamin D
deficiency due to sun protection and renal insuffi-
ciency, arthritis and myopathy, early menopause,
failure to achieve a peak bone mass during adoles-
cence, and the use of other medications, such as
anticonvulsants and anticoagulants.! The preva-
lence of osteoporosis and symptomatic fractures
reported in various Asian and non-Asian studies
ranges from 1.4% to 6.8% and 4.4% to 18.8%,
respectively, depending on study design, patient
selection, ethnicity, ongoing treatment, and
method of identification of osteoporosis.!-2
Population-based studies have demonstrated a
1.2- to 4.7-fold increased incidence of all sympto-
matic fractures in SLE patients compared with
matched healthy controls.23> A meta-analysis
reported a two-fold increased risk of vertebral frac-
tures in SLE patients relative to controls.* Thus,
recent European and Asian treatment recommen-
dations emphasize on managing bone health in
patients with SLE.5:% As most patients with SLE
are receiving GCs for disease control, the American
College of Rheumatology (ACR) recommends
patients receiving =3 months of prednisolone
(=2.5 mg/day) should receive intervention to pre-
vent osteoporosis.” Patients should be stratified
into different risk levels (low, moderate, and high)
by a fracture estimation tool and reassessed annu-
ally to decide on pharmacological therapies.”
Periodic assessment of bone mineral density
(BMD) is also recommended for older individuals
and younger patients with significant risk factors.

The fracture risk assessment (FRAX) tool was
developed in the year 2008 to evaluate the fracture
risk of individual patients according to 10 clinical
factors with or without the BMD of the femoral
neck.® The FRAX prediction models were estab-
lished from epidemiological studies of fractures and
mortality within countries and, in some cases,
within ethnicities.® The FRAX is a computer-based
tool that calculates the 10-year probability of a
major osteoporotic fracture (distal forearm, proxi-
mal humerus, clinical spine, and hip) and hip frac-
ture alone. Currently, there are more than 50
models available for fracture risk prediction. Among
various fracture risk tools available, the FRAX has
been incorporated in many clinical guidelines to
assess for the intervention threshold.”10:11

As SLE patients are generally younger and the
disease is not regarded as a risk factor in the
FRAX formula, whether the tool accurately pre-
dicts future fractures in SLE is unclear. The
objective of this study is to validate the fracture

risk estimation of the FRAX tool by comparing
with the actual fracture incidence in a longitudi-
nal cohort of patients with SLE.

Patients and methods

All patients who fulfilled the 1997 ACR criteria
for SLE!2 and attended our out-patient rheuma-
tology clinics in the year 2021 were reviewed.
Inclusion criteria for this study were: (1) patients
who have had a first dual-energy X-ray absorpti-
ometry (DEXA) scan performed between years
2005 and 2009 (baseline); and (2) age =40 years
at the time of DEXA examination. Subjects were
excluded if they were lost to follow-up or suc-
cumbed due to any reasons in less than 10 years
after DEXA unless fractures had developed.

The predicted rates of major osteoporotic and hip
fractures were estimated retrospectively using the
FRAX formula (data from Hong Kong, China)
based on the clinical data at the time of DEXA,8
with adjustment when the daily dose of predniso-
lone was =7.5 mg (multiply by 1.15 for major
osteoporotic and 1.20 for hip fracture) according
to the recommendations from the ACR.7

The actual observed incidence of symptomatic
vertebral and non-vertebral fractures at 10 years
(i.e. in the years 2015-2019) of the included
patients was retrieved by a retrospective review of
the medical records. All new fractures developed
over time were confirmed by radiological exami-
nation and documented by attending physicians
or orthopedic surgeons. Vertebral fracture was
defined on plain radiograph as deformities with a
loss of least 25% of the height of the vertebral
bone. Limb fractures referred to those that
occurred with a low-energy impact (eg. fall from a
standing height). Fractures that occurred beyond
10 years from DEXA examination were not
included for analysis.

Comparison was made between the actual
observed fracture incidence and that estimated by
the FRAX tool from clinical data at DEXA exam-
ination. Factors associated with new symptomatic
clinical fractures at 10 years were studied by sta-
tistical analyses. This study was approved by the
Research and Ethics committee of Tuen Mun
Hospital, Hong Kong (NTWC/REC/21137).
Informed consent for publication of this study
was not obtained from the participants because
data were collected retrospectively. All patient
details have been de-identified during data
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analysis. The reporting of this study conforms to
the checklist recommended by EULAR for
reporting longitudinal observational registry stud-
ies in rheumatology derived from an extension of
the STROBE guidelines.!3

Measurement of BMD and assessment

of vertebral fracture

BMD at the lumbar spine [L.2-4], non-dominant
hip and femoral neck was measured by the DEXA
technique using a Discovery™ W densitometer
(Hologic, Bedford, USA). For patients with avas-
cular bone necrosis of the hip or joint replace-
ment, the BMD of the other hip was used. When
avascular necrosis or hip replacement occurred
on both sides, the hip data were not used. Spine
data were also excluded from analysis in patients
who had collapse/severe scoliosis/deformity of the
lumbar spine or significant aortic calcification.
The reference ranges for the 7-scores were
derived from the third National Health and
Nutrition Examination Survey (NHANES III)
database (hip) and the device manufacturer’s
data set (lumbar spine).14

Statistical analyses

Unless otherwise stated, values in this study were
expressed as mean = standard deviation (SD).
Comparison of two groups was performed by the
independent Student’s z-test for continuous vari-
ables and chi-square test for categorical variables.
Multivariate logistic regression was used to study
the association of the clinical factors at baseline
with the occurrence of new osteoporotic fractures
at 10 years’ follow-up. Covariates considered in
the regression model included age, sex, personal,
and parental history of fracture, premature meno-
pause, current smoking, habitual drinking, body
mass index (BMI), daily dose of prednisolone,
osteoporosis at any site by DEXA scan, concomi-
tant medical illnesses, and the use of anti-osteo-
porotic or other medications that may affect
BMD. Statistical significance was defined as a p
value of <0.05, two-tailed. All statistical analyses
were performed using the SPSS program (version
18.0 for Windows 10).

Results
Study population

A total of 263 patients fulfilled the inclusion crite-
ria, but 34 were excluded because of less than 10

years’ follow-up (16 died, 18 were lost for follow-
up; none had a fragility fracture before their last
clinic visits or hospital admissions). Finally, 229
patients were studied (age 50.2*+ 6.6 years at
DEXA examination; 93% women). All were eth-
nic Chinese. One hundred and forty-eight (65%)
patients were receiving prednisolone, and the
mean dose was 7.3 * 6.9 mg/day; 34% =7.5 mg/
day. A personal history of fragility fracture was
present in 23 (10.0%) patients, and 17.3% of
female patients had menopause before the age of
45 years. The mean BMI was 23.5 + 3.8 kg/m?
(5.7% patients had BMI=<18 kg/m?). Table 1
shows the cumulative clinical manifestations of
the SLE patients studied, and Table 2 shows the
risk factors for osteoporosis in these patients.
Fourteen (6.1%) patients were receiving anti-
osteoporotic treatment at the time of DEXA
examination (oral bisphosphonates in 8 and
raloxifene in 6 patients). Sixty-two (27%) patients
were receiving medications that may adversely
affect BMD within 6 months prior to DEXA
scan. Nineteen patients had chronic kidney dis-
ease (estimated glomerular filtration rate< 60
mL/min/1.73 m?2), six patients had concomitant
thyroid disorders, and one patient had overlapped
rheumatoid arthritis.

BMD and fracture risk estimation

Osteoporosis (BMD; T score <-2.5) of the hip,
femoral neck, and lumbar spine occurred at a
frequency of 9.0%, 11.3%, and 23.4%, respec-
tively at baseline (27% at any of these three sites;
Table 3).

The estimated mean 10-year risk of major osteo-
porotic and hip fractures using the BMD data
and other risk factors in the FRAX formula,
adjusted for prednisolone dosage, was 3.4 +=4.5%
and 0.95*2.3%, respectively. Ten (4.4%)
patients were estimated to have moderate (10—
20%) or high risk (>20%) of having a major
osteoporotic fracture, while 51 (22.3%) patients
were predicted to have moderate risk (1-3%) or
high risk (=3%) of having a hip fracture.

Actual fracture rate at 10 years

After a follow-up of 10 years, three patients had a
hip fracture, six patients had non-hip limb frac-
tures (humerus, tibia, or radius), and 20 patients
had symptomatic vertebral fractures. The actual
observed major osteoporotic and hip fracture
incidence was 12.7% and 1.3%, respectively
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Table 1. Cumulative clinical manifestations in the SLE patients studied Table 2. Risk factors for osteoporosis in the studied
(N=229). patients (N=229).
Clinical manifestations Number (%); mean +SD Clinical characteristics at Mean + SD;
DEXA examination number (%)
Age at DEXA scan, years 50.2*6.6
Age, years 50.2+ 6.6
Women 214.(93.4)
Women 214 (93)
SLE duration, years 8.8+7.9
Mean daily prednisolone 7.3+ 6.9 (IQR 2.5)
Raynaud’s phenomenon 59 (25.8) dose in users, mg
Alopecia 55 (24.0) Daily prednisolone 51 (34.5)
dose=7.5mg
Arthritis= 2 joints 173 (75.5)
Current smoking 5 (5.6)
Facial rash 108 (47.2)
Current habitual drinking 1(0.4)
Discoid rash 21(9.2)
Premature menopause 37/214(17.3)
Mucosal ulceration 24.(10.5) before age of 45 years
Photosensitivity 69 (30.1) Body mass index, kg/m? 23.5+3.8
Hemolytic anemia 46 (20.1) Body mass index< 18 kg/m? 13 (5.7)
Leukopenia (<4.0 X 10%/L) 79 (34.5) Personal history of fracture 23 (10.0)
Thrombocytopenia (<100 X 10%/L) 49 (21.4) Parental history of fracture 13 (5.7)
Lymphopenia (<1.5 X 10%/L) 156 (68.1) Concomitant medical 26 (11.4)
illnesses?
Lymphadenopathy 33 (14.4)
Use of bisphosphonates or 14 (6.1)
Neuropsychiatric? 27 (11.8) raloxifene
Renal 120 (52.4) Other non-GC medications® 62 (27)
Serositis 32 (14.0) DEXA, dual-energy X-ray absorptiometry; GC,
glucocorticoid; IQR, interquartile range.
Myositis 10 (4.4) aThyroid, parathyroid, and other endocrine disorders,
overlap syndrome with rheumatoid arthritis and renal
Gastrointestinal 23 (10.0) insufficiency.
Anticonvulsants, proton pump inhibitors, calcineurin
Anti-dsDNA 148 (64.6) inhibitors, loop diuretics, selective serotonin reuptake
inhibitors, glitazones, aromatase inhibitors, and
Anti-Ro 129 (56.3) anticoagulants.
Anti-La 43(18.8)
Anti-Sm 25(10.9) by FRAX (12.7% vs 3.4%; p<0.001). However,
Anti-nRNP 53 (23.1) the observed hip fracture incidence was not sig-
nificantly higher than the estimation by FRAX
DEXA, dual-energy X-ray absorptiometry; SD, standard deviation; SLE, systemic (1.3% vs 0.95%; p=0.69).
lupus erythematosus.
aManifestations that required immunosuppressive therapies (psychosis, acute .
confusional state, myelitis, peripheral and cranial neuropathy, mononeuritis Table 4 shows the number of patients who had
multiplex, optic neuritis, myasthenia gravis, and movement disorders). major osteoporotic fractures at 10 years stratified
bIncluded protein losing enteropathy, mesenteric vasculitis, colitis, hepatitis, and by the fracture risk estimated by FRAX at base-

pancreatitis. line. Twenty-eight patients (12.8%) developed

fractures in the low-risk group (FRAX-estimated
(0.127 and 0.013 per 10 patient-years, respec- fracture risk<<10%). Of the 29 patients who had
tively). The observed major osteoporotic fracture major osteoporotic fractures, only one patient
rate was significantly higher than that estimated belonged to the moderate/high-risk group by
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FRAX estimation at baseline. The estimated risk
of major fractures by FRAX was non-significantly
higher in those who had actual fractures at 10
years than those who did not (4.2*+2.5% ws
3.3+4.7%; p=0.14).

Factors associated with actual major

osteoporotic fractures at 10 years

Logistic regression was performed to evaluate the
factors associated with new fractures at 10 years
(Table 5). As there were no fractures occurring in
male patients and there was only one habitual
drinker, the odds ratios (ORs) showed extreme
values on univariate analysis. These two factors
were not put into the multivariate regression
model. Results of analysis revealed that BMD
T-score <-2.5 at spine, hip, or femoral neck (OR:
4.07 (1.51-10.9); p=0.005), previous fragility
fracture (OR: 3.18 (1.02-9.90); p=0.045) and a
parental history of fracture (OR: 4.44 (1.16—
17.0); p=0.03) were independently associated
with major osteoporotic fractures at 10 years.
Age, BMI, daily dose of prednisolone, current
smoking, concomitant medical illnesses, and the
use of anti-osteoporotic and other medications at
baseline were not significantly associated with
new fractures.

Discussion

This is a longitudinal study to validate the accu-
racy of the FRAX tool in predicting clinical frac-
tures at 10 years in a cohort of Chinese patients
with SLE. Although the fracture risk estimation
was performed retrospectively using clinical infor-
mation at the time of DEXA examination, data
were complete as they were routinely collected for
BMD evaluation. This study revealed that despite
adjustment for the daily dose of GCs, the FRAX
tool underestimated the risk for major osteoporo-
tic fractures in patients with SLE at 10 years.
Under-estimation of the fracture risk was more
serious in the low-risk group stratified by the
FRAX formula. As there was no significant differ-
ence between the observed and FRAX-estimated
incidence of hip fracture, the underestimation
was mainly confined to symptomatic vertebral
and non-hip limb fractures.

GC use is the most important cause of secondary
osteoporosis. GCs adversely affect the trabecular
bone more than the cortical bones of the skeleton.
The much higher incidence of vertebral than non-
vertebral fractures at 10 years in this study is

Table 3. Baseline DEXA results and fracture risk estimation by FRAX.

Mean =+ SD;
number (%)

DEXA results and estimated fracture risk

BMD values, g/cm?

Lumbar spine (L2-4) 0.908 +0.138
Femoral neck (non-dominant) 0.708 =0.109
Total hip (non-dominant) 0.808 =0.121
BMD T score<-2.5

Lumbar spine 53 (23.4)
Femoral neck 25(11.3)
Total hip 20 (9.0)

Any of the above sites 61(27.0)

FRAX-estimated and GC-dose-adjusted major osteoporotic fracture risk
at 10 years

<10% 219 (95.6)
10-20% 8 (3.5)
>20% 2(0.9)

FRAX-estimated and GC-dose-adjusted hip fracture risk at 10 years

<1% 178 (77.7)
=1-3% 35(15.3)
=3% 16 (7.0)

BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry; FRAX,
fracture risk assessment; GC, glucocorticoid.

Table 4. Actual rate of major osteoporotic fractures at 10 years stratified by
FRAX estimation or BMD at baseline.

Actual rate of major
fractures at 10 years

Major osteoporotic fracture risk by FRAX formula at baseline

Low-risk (<10%]) 28/219 (12.8%)

Moderate/high-risk (=10%) 1/10 (10.0%)

Bone mineral density at baseline

12/108 (11.1%)
16/61 (26.2%)

Osteopenia at any site (but not osteoporotic)?

Osteoporosis at any siteP

FRAX, fracture risk assessment.
aT-score between -1.0 and >-2.5.
bT-score<-2.5.
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Table 5. Logistic regression for factors associated with new major
osteoporotic fractures at 10 years.

Covariates at DEXA scan 0dds ratio (95% p value
confidence interval)

Age, per year 0.99 (0.92-1.07) 0.87

BMI, per kg/m? 1.07 (0.96-1.18) 0.22

Current smoking 0.28 (0.03-2.37) 0.24

Menopause before age of 45 years 0.67 (0.20-2.30) 0.53

T-score <-2.5 at any site (total hip, ~ 4.07 (1.51-10.9) 0.005

femoral neck, or lumbar spine)

Personal history of fragility fracture ~ 3.18 (1.02-9.90) 0.045

Parental history of fragility fracture  4.44 (1.16-17.0) 0.03

Prednisolone dose, per mg/day 1.04 (0.99-1.10) 0.14

Use of anti-osteoporotic 0.86 (0.16-4.75) 0.86

medications?

Use of medications that may 1.71 (0.69-4.25) 0.25

adversely affect BMDP

Concomitant medical illnesses® 0.38(0.07-2.11) 0.27

BMD, bone mineral density; BMI, body mass index; DEXA, dual-energy X-ray

absorptiometry.

aBisphosphonates or raloxifene.
bAnticonvulsants, proton pump inhibitors, calcineurin inhibitors, loop diuretics,
selective serotonin reuptake inhibitors, glitazones, aromatase inhibitors, and

anticoagulants.

¢Thyroid, parathyroid, and other endocrine disorders, overlap syndrome with
rheumatoid arthritis, and renal insufficiency.

consistent with the effects of GCs on BMD as
almost two-third of our patients were using long-
term GCs. On the other hand, GCs also exhibit
negative effects on bone microarchitecture, which
may be better reflected by the trabecular bone
score (TBS) and quantitative CT (qCT) exami-
nation.!>16 The failure of the FRAX tool to take
into account the decline of bone quality and the
cumulative doses of GCs administered over time
may have contributed to the underestimation of
osteoporotic fractures in our patients. The risk of
fracture in continuous GC users is proportional
to the daily dose of GCs according to a general
practice research database in the United
Kingdom.!7 This is consistent with our study in
which the fracture risk at 10 years increased with
daily dose of prednisolone in the regression
model, although statistical significance could not
be achieved. As the FRAX tool did not consider
the effect of additional GC doses used for SLE
flares over time, its prediction power for

new fractures might be undermined despite
adjustment for the risk in users of higher daily
doses of prednisone.”

There are additional osteoporosis risk factors not
considered in the FRAX formula. Activity of
SLE, driven by elevation of pro-inflammatory
cytokines, such as tumor nercrosis factor (TNF),
interleukin (IL)-1, IL6, and ILL17, may promote
osteoclastogenesis while inhibiting osteoblast
activity.!822 SLE itself is not given additional
weighting in the prediction model. Menopause
that develops over time and the use of other non-
GC drugs, such as anticonvulsants, calcineurin
inhibitors, heparin, loop diuretics, proton pump
inhibitors, selective serotonin reuptake inhibitors,
and the thiazolidinediones are also not incorpo-
rated in the FRAX model.

The strength of our study is the long-term longi-
tudinal follow-up and the availability of the actual
fragility fracture data for comparison with the
FRAX tool. All the required data including BMD
assessment for fracture risk estimation at baseline
were available. However, our study is limited by
the small number of hip fracture events, which
may not be powered to compare the estimated
and observed hip fracture rates at 10 years.
Moreover, time-dependent factors such as change
in menopausal status, cumulative disease activity
of SLE, and the cumulative exposure to GCs
were unavailable for multivariate analysis.
Nevertheless, the reliance on the cumulative dis-
ease activity and GC dose exposure to decide on
the fracture risk estimation and osteoporosis
treatment does not seem to be pragmatic in daily
practice. Finally, the limited sample size of our
study did not allow for comparison of the accu-
racy of prediction of fractures by BMD per se or
the FRAX formula based on a new prediction
model generated from our SLE patients.

In conclusion, our study showed that despite
adjustment for baseline prednisolone dosage as
recommended by the ACR, the FRAX formula
underestimates the major clinical fracture risk,
particularly symptomatic vertebral fracture, in
our Hong Kong Chinese patients with SLE. As
the data used in the establishment of the FRAX
formula differ across localities, our observation
cannot be generalized to other ethnic groups. Our
observation suggests that the threshold for phar-
macological therapy in SLE patients should not
be solely determined by the fracture risk predic-
tion per se. In patients estimated to have fracture
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risk not meeting the threshold of therapy as stated
in guidelines,”>1%!1 individualized decision on
treatment should be considered based on the
presence of extra and relevant time-dependent
risk factors, such as frequent disease flares and
additional GC therapies. Future research should
focus on the role of these additional risk factors
and bone quality assessment, such as TBS, in the
fracture prediction models. Validation studies in
large longitudinal cohorts of SLE patients using
various immunosuppressive regimens are needed.

Author contributions

Chi-Chiu Mok: Conceptualization, Data cura-
tion, Formal analysis, Methodology, Supervision,
Validation, Writing — original draft, Writing —
review & editing.

Sau Mei Tse: Conceptualization, Data curation,
Methodology, Writing — review & editing.

Kar Li Chan: Conceptualization, Data curation,
Methodology, Writing — review & editing.

Ling Yin Ho: Conceptualization, Data curation,
Methodology, Writing — review & editing.

Conflict of interest statement

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

ORCID iD
Chi Chiu Mok
3696-1228

https://orcid.org/0000-0003-

References
1. Adami G, Fassio A, Rossini M, er al.
Osteoporosis in rheumatic diseases. Inr ¥ Mol Sci
2019; 20: 5867.

2. Bultink IEM and Lems WF. Lupus and fractures.
Curr Opin Rheumatol 2016; 28: 426-432.

3. Bultink IE, Harvey NC, Lalmohamed A, ez al.
Elevated risk of clinical fractures and associated
risk factors in patients with systemic lupus
erythematosus versus matched controls: a
population-based study in the United Kingdom.
Osteoporos Int 2014; 25: 1275-1283.

10.

11.

12.

13.

14.

15.

. Wang X, Yan S, Liu C, ez al. Fracture risk and

bone mineral density levels in patients with
systemic lupus erythematosus: a systematic
review and meta-analysis. Osteoporos Int 20165 27:
1413-1423.

. Mosca M, Tani C, Aringer M, er al. European

league against rheumatism recommendations
for monitoring patients with systemic lupus
erythematosus in clinical practice and in
observational studies. Ann Rheum Dis 2010; 69:
1269-1274.

. Mok CC, Hamijoyo L, Kasitanon N, er al.

The Asia-Pacific League of Associations for
Rheumatology consensus statements on the
management of systemic lupus erythematosus.
Lancet Rheumatol 20215 3: e517—e531.

Buckley L, Guyatt G, Fink HA, ez al. 2017
American College of Rheumatology Guideline for
the prevention and treatment of glucocorticoid-
induced osteoporosis. Arthritis Rheumatrol 2017,
69: 1521-1537.

FRAX, https://www.sheffield3.ac.uk/FRAX/tool.
aspxrcountry=9

McCloskey EV, Harvey NC, Johansson H, ez al.
FRAX updates 2016. Curr Opin Rheumatol 2016;
28:433-441.

McCloskey EV, Johansson H, Harvey NC, et al.
Access to fracture risk assessment by FRAX and
linked National Osteoporosis Guideline Group
(NOGG) guidance in the UK-an analysis of
anonymous website activity. Osteoporos Int 2017;
28: 71-76.

Lekamwasam S, Adachi JD, Agnusdei D, ez al.
A framework for the development of guidelines
for the management of glucocorticoid-induced
osteoporosis. Osteoporos Int 20125 23: 2257-2276.

Hochberg MC. Updating the American College
of Rheumatology revised criteria for the
classification of systemic lupus erythematosus.
Arthritis Rheum 1997; 40: 1725.

Zavada J, Dixon WG, Askling J, et al. Launch of a
checklist for reporting longitudinal observational
drug studies in rheumatology: a EULAR
extension of STROBE guidelines based on
experience from biologics registries. Ann Rheum
Dis 2014; 73: 628.

Looker AC, Wahner HW, Dunn WL, ez al.
Updated data on proximal femur bone mineral
levels of US adults. Oszeoporos Int 1998; 8: 468-489.

Florez H, Hernandez-Rodriguez J, Muxi A,

et al. Trabecular bone score improves fracture
risk assessment in glucocorticoid-induced
osteoporosis. Rheumatology 2020; 59: 1574-1580.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab
https://orcid.org/0000-0003-3696-1228
https://orcid.org/0000-0003-3696-1228
https://www.sheffield3.ac.uk/FRAX/tool.aspx?country=9
https://www.sheffield3.ac.uk/FRAX/tool.aspx?country=9

Therapeutic Advances in Musculoskeletal Disease 14

Visit SAGE journals online
journals.sagepub.com/
home/tab

®SAGE journals

16.

17.

18.

Graeff C, Marin F, Petto H, ez al. High resolution
quantitative computed tomography-based
assessment of trabecular microstructure and
strength estimates by finite-element analysis of
the spine, but not DXA, reflects vertebral fracture
status in men with glucocorticoid-induced
osteoporosis. Bone 2013; 52: 568-577.

van Staa TP, Leufkens HG, Abenhaim L, ez al.
Oral corticosteroids and fracture risk: relationship
to daily and cumulative doses. Rheumatology
2000; 39: 1383-1389.

Briot K, Geusens P, Em Bultink I, ez al.
Inflammatory diseases and bone fragility.
Osteoporos Int 2017; 28: 3301-3314.

20.

21.

22.

. Rotta D, Fassio A, Rossini M, er al. Osteoporosis

in inflammatory arthritides: new perspective on
pathogenesis and treatment. Front Med 2020; 7:
613720.

Robert M and Miossec P. Interleukin-17 and
lupus: enough to be a target? Lupus 2020; 29:
6-14.

Aringer M. Inflammatory markers in systemic
lupus erythematosus. ¥ Autormmun 2020; 110:
102374.

Ohl K and Tenbrock K. Inflammatory cytokines
in systemic lupus erythematosus. ¥ Biomed
Biotechnol 20115 2011: 432595.

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab
https://journals.sagepub.com/home/tab
https://journals.sagepub.com/home/tab

