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Abstract
Background Glucocorticoid-induced osteoporosis (GIO) is the most common drug-induced osteoporosis. Early 
detection and treatment may decrease the fragility fractures. Several GIO guidelines exist, although they vary in 
recommended intervention thresholds for initiating pharmacologic treatment. This study aimed to evaluate the 
performance of intervention thresholds in treating GIO under various guidelines.

Methods Rheumatic disease patients receiving ≥ 2.5 mg/day prednisolone or equivalent for longer than 3 months 
between January 2013 and 2023 were retrospectively reviewed. Patients who were previously treated with anti-
osteoporotic medications or had other secondary causes of osteoporosis were excluded. Bone mineral density (BMD) 
and Thailand-specific FRAX with glucocorticoid adjustment (GC-FRAX) were recorded. The performances of different 
intervention thresholds from six GIO guidelines (ACR 2022, Belgian 2022, TOPF 2021, Korean 2018, Malaysian 2015, and 
Japanese 2023) were examined against the incidence of actual fragility fractures.

Results This study included 226 rheumatic patients, with a mean (SD) age of 62.9 (10.1) years. Most of the patients 
were female (88.9%). The average (SD) daily dose, cumulative dose, and duration of glucocorticoid use were 4.6 
(10.6) mg/day, 9,223.4 (9,223.4) mg, and 58.3 (55.8) months, respectively. Diagnoses included rheumatoid arthritis 
(59.8%), systemic lupus erythematosus (22%), inflammatory myositis (4.7%), systemic sclerosis (4.7%), and others. 
The prevalence of major osteoporotic fractures and hip fractures was 14.2% and 0.9%, respectively. The ten-year 
probabilities of major osteoporotic and hip fractures (FRAX) with and without BMD were 12.6 ± 9.1, 5.4 ± 6, 10.7 ± 7.2, 
and 4.6 ± 4.8, respectively. The mean (SD) ten-year FRAX probabilities of major osteoporotic and hip fractures were 
12.6% (9.1) and 5.4% (6) with the inclusion of BMD result, and 10.7% (7.2) and 4.6% (4.8) without the inclusion of the 
BMD result. The sensitivity, specificity and accuracy of the ACR 2022, Belgian 2022, TOPF 2021, Korean 2018, Malaysian 
2015, and Japanese 2023 guidelines were 100%/ 3.1%/ 16.8%, 93.8%/ 14.4%/ 25.7%, 93.8%/ 43.8%/ 50.9%, 100%/ 
17.5%/ 29.2%, 78.1%/ 62.9%/ 65% and 100%/ 24.2%/ 35%, respectively.
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Introduction
Glucocorticoid-induced osteoporosis (GIO) is one of 
the most common causes of secondary osteoporosis [1]. 
Glucocorticoids are anti-inflammatory and immunosup-
pressive drugs used in rheumatic diseases such as rheu-
matoid arthritis, systemic lupus erythematosus, primary 
Sjogren syndrome, and inflammatory myopathy. Gluco-
corticoids affect bone cells, including osteoblasts, osteo-
cytes, and osteoclasts, through signaling pathways such 
as Wnt/sclerostin and RANKL/osteoprotegerin, affect-
ing bone formation and resorption [2]. Glucocorticoids 
reduce osteoclast apoptosis while promoting osteoblast 
and osteocyte apoptosis, which impairs bone healing 
and increases fracture risk [3]. In addition, they induce 
secondary hyperparathyroidism by decreasing calcium 
absorption in the intestinal tract and the reabsorption of 
calcium in the renal tubules [4, 5]. Additionally, glucocor-
ticoids inhibit the secretion of gonadotropin and growth 
hormone [6]. Furthermore, sarcopenia may result from 
prolonged and excessive exposure to glucocorticoids, 
which increases the risk of fractures and falls [7].

Currently, numerous guidelines for treating GIO have 
been developed by various countries or organizations. 
These guidelines include the American College of Rheu-
matology Guideline for the Prevention and Treatment of 
GIO 2022 (ACR 2022) [8], the Guidelines on the Man-
agement and Treatment for GIO of the Japanese Society 
for Bone and Mineral Research 2023 (Japan 2023) [9], the 
Update of the Malaysian clinical guideline on the Man-
agement of GIO 2015 (Malaysian 2015) [10], the Korean 
Guideline for the Prevention and Treatment of GIO 2018 
(Korean 2018) [11], and the Prevention and Treatment of 
Glucocorticoid-Induced Osteoporosis in Adult: Consen-
sus Recommendations from the Belgian Bone Club 2022 
(Belgian 2022) [12]. The Thai Osteoporosis Foundation 
Clinical Practice Guideline 2021 (TOPF 2021) [13] is the 
only official osteoporosis guideline in Thailand, although 
it does not include specific recommendations for GIO. 
Nonetheless, it accounts for glucocorticoid use by incor-
porating dose adjustments into the FRAX calculation. 
FRAX, the Fracture Risk Assessment Tool developed by 
the World Health Organization, estimates the 10-year 
probability of major osteoporotic fractures (MOF) (hip, 
spine, forearm, or shoulder) and hip fractures in individ-
uals based on clinical risk factors, with or without bone 
mineral density (BMD) measurements [14].

The assessment and treatment thresholds of GIO differ 
between these recommendations. The Belgian 2022 [12], 
TOPF 2021 [13], and Malaysian 2015 [10] all included 
patients at higher doses of glucocorticoids (≥ 5.0-7.5 mg/
day of prednisolone equivalent), while the ACR 2022 [8] 
and the Korean 2018 [11] included patients at the low-
est dose of glucocorticoids (≥ 2.5  mg/day of predniso-
lone equivalent). Additionally, the ACR 2022 [8] had 
the highest pharmacologic intervention threshold based 
on the T-score (T-score ≤ -1.0), followed by the Belgian 
2022 [12] (T-score ≤ -1.5), and the TOPF2021 [13] and 
the Korean 2018 [11](T-score ≤ -2.5). Moreover, the ACR 
2022 [8], the Belgian 2022 [12], and the Korean 2018 
[11] had the lowest pharmacologic intervention thresh-
old based on the FRAX calculation (FRAX-hip ≥ 1% and 
FRAX-MOF ≥ 10%). On the contrary, the TOPF2021 
[13] utilized the FRAX cutoff primarily at the hip site, at 
a value of ≥ 3%. Table  1 summarizes the pharmacologic 
intervention thresholds among the guidelines.

Given the differences among these recommendations, 
the objective of this study was to evaluate the perfor-
mance of intervention thresholds for the treatment of 
GIO from different guidelines compared to the actual 
incidence of fragility fractures in rheumatic disease 
patients in real-world practice.

Materials and methods
A retrospective, cross-sectional, single-center study was 
conducted at the Rheumatic Unit, Department of Medi-
cine, Phramongkutklao Hospital, between January 2013 
and January 2023. Data was retrieved using the ICD-10 
codes. The inclusion criteria were patients aged 18 years 
or older, diagnosed with rheumatic diseases including 
rheumatoid arthritis (RA), systemic lupus erythemato-
sus (SLE), primary Sjogren’s syndrome (pSS), systemic 
sclerosis (SSc), vasculitis, autoinflammatory diseases, 
and inflammatory myopathies (IIMs), and received a 
prednisolone equivalent dose of 2.5 mg/day or more for 
three or more months. Patients were excluded if they 
had previously received anti-osteoporotic drugs or had 
other secondary causes of osteoporosis, including type 1 
diabetes mellitus, untreated hyperthyroidism, cirrhosis, 
malnutrition, osteogenesis imperfecta, hypogonadism, 
chronic kidney disease, or premature menopause (before 
age 45). Additionally, patients taking medications associ-
ated with osteoporosis, such as aromatase inhibitors or 

Conclusions Among evaluated guidelines, ACR 2022, Korean 2018, and Japan 2023 had the highest sensitivity for 
GIO treatment, while Malaysian 2015 showed the highest specificity and accuracy. These findings can improve clinical 
decision-making in GIO management for rheumatic disease patients.

Keywords Glucocorticoid-induced osteoporosis, Osteoporosis, Rheumatic disease, Systemic autoimmune disease, 
FRAX score, Glucocorticoid, Fragility fracture
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GnRH agonists, or those without available BMD results 
were excluded.

Demographic data, the presence of comorbidities, 
glucocorticoid use (current dose, average dose, and 
cumulative dose), smoking, alcohol use, history of fra-
gility fracture, and family history of hip fracture were 
collected. Glucocorticoid adjustment (GC-FRAX) was 
applied to calculate the FRAX scores for the probability 
of hip fracture and major osteoporotic fractures (MOF) 
in each patient, both with and without bone mineral 
density (BMD), utilizing a Thai reference ( h t t p s :   /  / w w  w .  
s h e  f e l   d .  a  c .   u k /  F  R A  X / t   o o  l .  a s p x ? c o u  n t r y = 9). For patients 
receiving low doses of glucocorticoids (< 2.5 mg of pred-
nisolone daily or equivalent), the calculated probabilities 
for MOF decreased by 20%, and for hip fractures, by 35%. 
Conversely, for patients receiving high doses (> 7.5 mg of 
prednisolone daily or equivalent), there was an increase 
in estimated probabilities of 15% for MOF and 20% for 
hip fractures. For example, a patient on 10 mg of prednis-
olone per day with a standard FRAX score of 10% would 
have a GC-FRAX adjusted probability of 11.5% for MOF 
and 12.0% for hip fracture [15].

All patients underwent bone mineral density (BMD) 
measurement at the hip and lumbar spine and vertebral 
fracture assessment (VFA) using the GE-Lunar iDPX 
densitometer (GE Healthcare, Madison, WI, USA) after 

treatment with glucocorticoid for at least 3 months. 
Fragility fractures were retrieved from medical records, 
including morphometric (using Genant’s classification) 
[16], clinical vertebral fracture, hip, and major osteopo-
rotic fractures (i.e., proximal humerus and femur, wrist).

The study was conducted in accordance with the Hel-
sinki Declaration and was approved by the Institutional 
Board Review of the Royal Thai Army Medical Depart-
ment under approval number IRBRTA 0571/2566.

Statistical analysis
All statistical analyses were performed using the IBM 
SPSS Statistics for Windows, Version 19.0. Armonk, NY: 
IBM Corp. Released 2010. Data were presented as mean 
and standard deviation (SD), median, number (%), inci-
dence, and interquartile range (IQR) for baseline char-
acteristics. An independent t-test or Mann-Whitney U 
test and Chi-square test or Fisher’s exact test were used 
to compare variables between patients with and with-
out fragility fractures as appropriate. The performances 
of the intervention thresholds for initiating pharmaco-
logic treatment of GIO from each guideline, including 
sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), accuracy, and the area 
under the receiver operating characteristic curve (AUC), 
were examined against the incidence of actual fragility 

Table 1 Similarities and differences in diagnosis, assessment, and pharmacologic intervention thresholds among glucocorticoid-
induced osteoporosis recommendations and guidelines

ACR 2022 [8] Korean 2018 
[11]

Belgian 2022 
[12]

TOPF 2021 [13] Malaysian 
2015 [10]

Japan 
2023 [28]

Dose definition of GIO (predniso-
lone equivalence)

≥ 2.5 mg/day ≥ 2.5 mg/day ≥ 5 mg/day ≥ 5 mg/day ≥ 7.5 mg/day
(5 mg/day if 
FRAX > 20%)

Any

Pharmacologic intervention thresholds in patients aged ≥ 40–50 years if any of the following criteria are met
T-score < -1.0 ≤ -2.5 ≤ -1.5 ≤ -2.5 NA (Lumbar 

BMD)
(%YAM)

FRAX Hip > 1%
MOF > 10%

Hip ≥ 3% MOF > 10% NA

Fracture Osteoporotic fracture NA Osteo-
porotic 
fracture

Dose GC for start treatment 30 mg/day
Cumulative dose > 5 gm/year

≥ 7.5 mg/day x ≥ 7.5 mg/day Any

Pharmacologic intervention thresholds in patients aged < 40–50 years if any of the following criteria are met.
Z-score Prednisolone > 7.5 mg/day

Z-score < -3
Rapid bone loss ≥ 10% at Hip/spine

NA NA (Lumbar 
BMD)
(%YAM)

Fracture Osteoporotic fracture
Dose GC for start treatment 30 mg/day

Cumulative dose > 5 gm/year
NA NA any

BMD, Bone mineral density; GC, Glucocorticoids; GIO, Glucocorticoid-induced osteoporosis; NA, Not applicable

ACR 2022, the American College of Rheumatology Guideline for the Prevention and Treatment of GIO 2022; Korea 2018, Korean Guideline for the Prevention and 
Treatment of GIO 2018; Malaysia 2015, Update of the Malaysian clinical guideline on the management of GIO 2015; Belgian 2022, Prevention and Treatment of 
Glucocorticoid-Induced Osteoporosis in Adult: Consensus Recommendations from the Belgian Bone Club 2022; TOPF2021, Summary of the Thai Osteoporosis 
Foundation Clinical Practice Guideline on the diagnosis and management of osteoporosis 2021; Japan 2023, Guidelines on the management and treatment for GIO 
of the Japanese Society for Bone and Mineral Research 2023

https://www.shefeld.ac.uk/FRAX/tool.aspx?country=9
https://www.shefeld.ac.uk/FRAX/tool.aspx?country=9
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fractures. P-values < 0.05 were considered statistically 
significant.

Results
A total of 2,099 patients with rheumatic diseases who 
received prednisolone at a dose ≥ 2.5  mg per day (or 
equivalent dose) for three or more months and under-
went BMD measurements were included in the study. Of 
these, 1,873 patients were excluded because they were 
either previously treated with anti-osteoporotic medica-
tions or had other causes of secondary osteoporosis prior 
to BMD measurement.

Demographic and clinical characteristics
The study included 226 patients with rheumatic dis-
ease, with a mean ± SD age of 62.9 ± 10.1 years and an 
88.9% female gender predominance. The flowchart 
for this investigation is presented in Fig.  1. The aver-
age (mean ± SD) of the daily dose, cumulative dose, and 
duration of glucocorticoids were 4.6 ± 10.6  mg/day, 

9,223.4 ± 9,223.4 mg, and 58.3 ± 55.8 months, respectively 
(Table 2). The diagnoses included RA (59.8%), SLE (22%), 
inflammatory myositis (4.7%), systemic sclerosis (4.7%), 
and others.

Fracture risk assessment
Major osteoporotic fractures were observed in 32 
patients (14.2%), including vertebral fractures in 29 
patients (12.8%), distal radius fractures in 2 patients 
(0.9%), proximal humerus fracture in 1 patient (0.5%), 
and hip fractures in 2 patients (0.9%). Five patients expe-
rienced more than one type of fracture. The T-scores at 
the femoral neck, total hip, and L1-L4 were − 1.63 ± 1.21, 
-1.38 ± 1.02, and − 1.92 ± 0.93, respectively. The ten-year 
probability of major osteoporotic and hip fractures (GC-
FRAX) was 12.6 ± 9.1, 5.4 ± 6, 10.7 ± 7.2, and 4.6 ± 4.8, 
respectively, with and without BMD (Table 2).

Fig. 1 Flowchart of the study
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Characteristics of glucocorticoid-induced osteoporosis 
patients with and without major osteoporotic and hip 
fractures
Table 3 shows that GIO patients with MOF demonstrated 
significantly lower T-scores and higher GC-FRAX than 
GIO patients without MOF when comparing T-score and 
GC-FRAX in rheumatic patients with and without major 
osteoporotic fracture. Although only two hip patients had 
hip fractures, the femoral neck and total BMD T-scores 
were significantly lower in patients with hip fractures 
than in those without. Additionally, the GC-FRAX-MOF 

Table 2 Baseline characteristics of study patients
Patients’ characteristics (n = 226) Results
Demographics
 - Age, years (Mean ± SD) 62.9 ± 10.1
 - Female, n (%) 201 (88.9)
 - Menopause, n (%) 177 (78.3)
 - Body mass index, kg/m2 (Mean ± SD) 23.6 ± 4.2
Rheumatic diseases
 - Rheumatoid arthritis, n (%) 152 (59.8) *
 - Systemic lupus erythematosus, n (%) 56 (22) *
 - Inflammatory myopathies, n (%) 12 (4.7) *
 - Systemic sclerosis, n (%) 12 (4.7) *
 - Vasculitis, n (%) 10 (3.9) *
 - Primary Sjogren’s syndrome, n (%) 9 (3.5) *
 - Autoinflammatory disease, n (%) 3 (1.2)
Glucocorticoid use (prednisolone dose equivalent)
 - Daily dose, mg/day (median, IQR) 2.5 (1.1, 5.0)
 - Duration, month (median, IQR) 37.0 (16.8–83.3)
 - Cumulative dose, mg (median, IQR) 5,999.2 (2,585.1–12,344.2)
Bone characteristics
Fractures
 - Major osteoporotic fractures, n (%) 32 (14.2)
 - Vertebral fractures, n (%) 29 (12.8)
 - Distal radius fractures, n (%) 2 (0.9)
 - Proximal humerus fracture, n (%) 1 (0.5)
 - Hip fractures, n (%) 2 (0.9)
T-score
 - Lumbar -1.63 ± 1.21
 - Hip -1.38 ± 1.02
 - Femoral neck -1.92 ± 0.93
Osteoporosis, defined as T-score ≤ -2.5 (n, %)
 - Lumbar 60 (26.5%)
 - Total hip 34 (15.0%)
 - Femoral neck 65 (28.8%)
GC-FRAX (n = 223), mean ± SD
 - FRAX MOF, with BMD (%) 12.61 ± 9.10
 - FRAX Hip, with BMD (%) 5.40 ± 6.0
 - FRAX MOF, without BMD (%) 10.65 ± 7.15
 - FRAX Hip, without BMD (%) 4.57 ± 4.77
* Overlapping diseases (n = 24); some patients had clinical manifestations 
suggestive of multiple rheumatic diseases. SD: Standard deviation. IQR: 
Interquartile range. GC-FRAX: Glucocorticoid adjusted FRAX. MOF: Major 
osteoporotic fracture. BMD: Bone mineral density
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without BMD was significantly higher in GIO patients 
with hip fractures.

The performance of intervention thresholds for treating 
GIO from different guidelines against the incidence of 
actual fragility fractures
The ACR 2022, Korean 2018, and Japan 2023 guide-
lines demonstrated an optimal sensitivity of 100% in this 
study. Similarly, the Thai 2021 and Belgian 2022 guide-
lines demonstrated high sensitivities of 93.8%, while the 
Malaysian 2015 guideline had a sensitivity of 78.1%. Nev-
ertheless, the specificity indicated divergent tendencies. 
The Malaysian 2015 guideline showed the highest speci-
ficity of 62.9%, indicating that it helped reduce unneces-
sary pharmacologic interventions. This was followed by 
the Thai 2021 (43.8%), Japanese 2023 (24.2%), Korean 
2018 (17.5%), Belgian 2022 (14.4%), and ACR 2022 
(3.1%) guidelines, respectively. This study found that the 
Malaysian 2015 was the most accurate guideline regard-
ing overall diagnostic accuracy, including sensitivity and 
specificity, at 65%. The accuracies of the Japanese 2023 
(35%), Korean 2018 (29.2%), Belgian 2022 (25.7%), and 
ACR 2022 (16.8%) recommendations were lower than 
the Thai 2021 guideline, which had an accuracy of 50.9% 
(Table 4).

Discussion
Long-term glucocorticoid treatment is an essential com-
ponent in the treatment of several medical diseases. In 
this study, the majority of rheumatic disease patients 
were elderly postmenopausal women (78.3%), with RA 
(59.8%), which was similar to other real-world GIO stud-
ies in Taiwan by Chen JF et al., [17] and Lai EL et al., 
[18], followed by SLE (22%), whereas the GIO study by 
Mok CC et al., [19] enrolled only SLE patients. The mean 
daily dose in this study was relatively low (4.6  mg/day), 
although it was consistent with previous studies with 
mainly RA patients [17, 18], which appeared to be lower 
than the study with SLE patients [19]. The cumulative 

prednisolone dose in the current study was higher than 
in others [17–19].

Despite the relatively low dose of glucocorticoids used 
in this study, adverse effects on bone mineral density 
were observed, particularly in RA patients with moderate 
to severe disease activity. Several studies have shown that 
RA itself is an independent risk factor for osteoporosis 
and fractures, even in the absence of glucocorticoid use 
[20, 21]. Chronic systemic inflammation, disease activity, 
functional impairment, and RA-related factors such as 
cytokine-driven bone resorption contribute to increased 
bone loss and fracture risk [22]. Although most GIO 
guidelines, including those evaluated in this study [8–13], 
use glucocorticoid dose, BMD, previous fracture, and 
FRAX as primary determinants for treatment initiation, 
they do not explicitly account for the additional fracture 
risk associated with RA. Notably, the FRAX tool includes 
RA as a risk factor, but does not account for serologies, 
disease activity and severity, deformities, or cumulative 
inflammatory burden [14]. Given that nearly 60% of this 
study population had RA, this study’s findings and oth-
ers have suggested that the intervention thresholds for 
GIO may need adjustment for RA patients according to 
disease status and treatment given. Furthermore, it is still 
controversial that the current treatment threshold for RA 
patients is appropriate [23–26]. Future research should 
explore RA-specific risk stratification to optimize treat-
ment thresholds in this population.

This study found a lower rate of significant osteoporotic 
and hip fractures among rheumatic disease patients than 
previously reported, higher than in other studies [17–19]. 
The discrepancy could be explained by methodological 
differences as previous studies were higher than in others 
[17–19]. This study recorded fractures cross-sectionally, 
whereas other previous studies captured fractures cumu-
latively over time [17–19]. Furthermore, the study by 
Lai et al. included patients who had previously received 
osteoporotic treatment [18], indicating a fracture-prone 

Table 4 The performance of intervention thresholds for treating glucocorticoid-induced osteoporosis based on different guidelines 
against actual fragility fractures. Result reported in number (95% confidence interval)
Guidelines Sensitivity Specificity PPV NPV Accuracy AUC
ACR 2022 100 (89.1–100) 3.1 (1.14–6.61) 14.6 (10.2–19.9) 100 (54.1–100) 16.8* (12.2–22.3) 0.590 (0.494–0.685)
Korean 2018 100 (89.1–100) 17.5 (12.5–23.6) 16.7 (11.7–22.7) 100 (89.7–100) 29.2* (23.4–35.6) 0.587 (0.491–0.683)
Malaysia 2015 78.1 (60–90.7) 62.9 (55.7–69.7) 25.8 (17.4–35.7) 94.6 (89.1–97.8) 65 (58.4–71.2) 0.719 (0.627–0.810)
Belgian 2022 93.8 (79.2–99.2) 14.4 (9.8–20.2) 15.3 (10.6–21.1) 93.3 (77.9–99.2) 25.7* (20.1–31.9) 0.558 (0.457–0.559)
TOPF2021 93.8 (79.2–99.2) 43.8 (36.7–51.1) 21.6 (15.1–29.4) 97.7 (91.9–99.7) 50.9 (44.2–57.6) 0.704 (0.625–0.784)
Japan 2023 100 (89.1–100) 24.2 (18.4–30.9) 17.9 (12.6–24.3) 100 (92.5–100) 35* (28.8–41.6) 0.621 (0.530–0.711)
PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the curve. CI: Confidence interval *Significant difference from Malaysian 2015 (p < 0.05)

ACR2022, the American College of Rheumatology Guideline for the Prevention and Treatment of GIO 2022; Korea2018, Korean Guideline for the Prevention and 
Treatment of GIO 2018; Malaysia2015, Update of the Malaysian clinical guideline on the management of GIO 2015; Belgian2022, Prevention and Treatment of 
Glucocorticoid-Induced Osteoporosis in Adult: Consensus Recommendations from the Belgian Bone Club 2022; TOPF2021, Summary of the Thai Osteoporosis 
Foundation Clinical Practice Guideline on the diagnosis and management of osteoporosis 2021; Japan2023, Guidelines on the management and treatment for GIO 
of the Japanese Society for Bone and Mineral Research 2023
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population, which was most likely related to their greater 
fracture incidence.

Among the guidelines evaluated, the ACR 2022 [8], 
Korean 2018 [11], and Japanese 2023 [9] had the highest 
sensitivity for GIO treatment, at 100%. This was likely due 
to GIO’s low dose definition, higher BMD T-scores, and 
lower FRAX thresholds. In practice, these strategies facil-
itate early detection and treatment, ensuring that GIO 
patients at risk of fracture receive pharmacological thera-
pies. However, this approach may result in the inefficient 
allocation of medical resources to individuals who do not 
require them, which is particularly relevant in low- and 
middle-income countries like Thailand. Furthermore, it 
might unnecessarily expose those who are at low risk to 
the long-term adverse effects of anti-osteoporotic drugs, 
such as osteonecrosis of the jaw and atypical femoral 
fractures. Meanwhile, the Malaysian 2015 demonstrated 
the highest specificity (62.9%) and accuracy (65%) due to 
the highest dose definition of GIO, followed by the TOPF 
2021 [13], which has a more stringent threshold for phar-
macologic interventions.

The ACR 2022 [8] and the International Osteoporosis 
Foundation and European Calcified Tissue Society (IOF-
ECTS) GIO guidelines [27] were recently validated in a 
cohort of GIO patients from a single center in Taiwan 
which found accuracies of 28.3% and 51.8%, and AUCs 
with a 95% CI of 0.52 (0.44–0.61) and 0.608 (0.525–
0.692), respectively [17]. Compared to other guidelines in 
this study and the Taiwanese study [17], the ACR 2022 
appears to have the lowest accuracy. Nonetheless, the 
ACR 2022 was more accurate in the Taiwanese study 
(28.3%) than in this study (16.8%). The differences could 
be explained by the extended time over which fracture 
data was collected, which resulted in a higher fracture 
prevalence, enhancing the specificity of the ACR 2022. 
Furthermore, patients in the Taiwanese cohort were pre-
dominantly older and had RA. A study reported a higher 
fracture risk based on the FRAX score in RA patients 
compared to those with SLE [18]. These findings have 
shown that the more sensitive GIO guideline may be 
acceptable for individuals at higher risk of fracture, such 
as elderly RA patients using chronic glucocorticoids. In 
contrast, more specific and accurate GIO guidelines may 
be appropriate for patients with a lower risk of fractures 
and countries with limited resources.

The present study must be interpreted within its 
strengths and weaknesses. This is the first study to exam-
ine the performance of several recommendations’ inter-
vention thresholds for treating GIO that are available 
worldwide. BMD and VFAs were performed on all of the 
patients in this study. This study included a large sample 
size, which should be adequate for assessing osteoporotic 
risk in rheumatic disease patients. However, this study 
was retrospective, focusing exclusively on patients with 

rheumatic diseases who received BMD measurements. 
The study population was predominantly comprised of 
postmenopausal women, and their self-reported answers 
on the FRAX questionnaires may have been affected by 
recall bias, which could have influenced the results. Some 
guidelines, including the ACR 2022 and the Korean 2018 
guidelines, have recommended a Z-score less than − 3.0 
and rapid bone loss greater than or equal to 10% at the 
hip or spine as the indication to start pharmacologic 
treatment, although the data on the follow-up BMD was 
lacking in this study. Nonetheless, most patients were in 
menopausal status or older than 50, so the effect was triv-
ial. Furthermore, the small number of hip fractures was 
insufficient to comprehensively analyze the GC-FRAX 
and T-score cut-offs related to hip fractures in GIO.

This study highlights the limitations of current risk 
prediction models and intervention thresholds based on 
FRAX and BMD, which may not fully capture the com-
plexity of risk in diverse patient populations. Therefore, 
this underscores the need for tailored approaches that 
consider the unique characteristics of rheumatic disease 
patients by integrating patient-specific factors such as 
disease activity and cumulative glucocorticoid dose into 
fracture risk assessments. Future studies are warranted to 
close the knowledge gap in GIO treatment, particularly 
by improving fracture risk prediction by including dis-
ease-specific and patient-specific factors such as disease 
activity, cumulative glucocorticoid dose, and trabecular 
bone score. Additionally, validations of FRAX and BMD 
intervention thresholds in prospective, longitudinal, 
real-world cohorts, examining whether these thresholds 
remain consistent across diverse diseases and ethnicities, 
and cost-effectiveness studies are also needed.

In conclusion, this study provides valuable insights 
into the characteristics and challenges of managing GIO 
patients with rheumatic diseases. The prevalence of 
major osteoporotic and hip fractures in rheumatic dis-
ease patients with GIO was 14.2% and 0.9%, respectively. 
Our findings demonstrated differences in the sensitivity, 
specificity, and accuracy of several GIO treatment guide-
lines. Notably, the ACR 2022, Korean 2018, and Japanese 
2023 guidelines had the best sensitivity, indicating their 
potential effectiveness in identifying at-risk individu-
als who could benefit from treatment. In contrast, the 
Malaysian 2015 and TOPF 2021 guidelines had the best 
specificity and accuracy, implying that they could bet-
ter prevent overtreatment. In clinical practice, health-
care practitioners should consider disease-specific risks, 
overall fragility fracture risk profiles, and healthcare 
resources when selecting GIO recommendations, focus-
ing on balancing sensitivity and specificity to provide the 
most effective and efficient care for GIO patients. Future 
research is needed to enhance the precision of fracture 
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risk assessment, optimize treatment strategies, and refine 
guideline recommendations for GIO.

Acknowledgements
We sincerely thank Ms. Dollapas Punpanich for her assistance with statistical 
analyses and Mr. Stephen Pinder for his support in English language editing. 
Their contributions have greatly improved the quality of this manuscript.

Author contributions
K.P. and S.C. conceptualized the study, developed the methodology, and 
wrote the original draft. K.P. was responsible for data acquisition and curation. 
K.P., S.C., and C.P. interpreted data. S.C. supervised the project. K.P., S.C., C.P., 
P.N., T.A., P.N., and R.P. reviewed and edited the final draft. All authors have 
approved the submitted version and agreed to be accountable for the 
author’s own contributions.

Funding
Phramongkutklao Hospital and College of Medicine.

Data availability
Data are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Helsinki Declaration and 
was approved by the Institutional Board Review of the Royal Thai Army 
Medical Department under approval number IRBRTA 0571/2566. The consent 
to participate was waived since this was a retrospective study.

Consent for publication
Not applicable.

Generative AI and AI-assisted technologies in the writing process
Nothing to disclose.

Competing interests
The authors declare no competing interests.

Author details
1Rheumatic Disease Unit, Department of Internal Medicine, 
Phramongkutklao Hospital and College of Medicine, 315 Rajavithi road, 
Rajathevee district, Bangkok 10400, Thailand
2Division of Endocrinology and Metabolism, Department of Medicine, 
Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand

Received: 8 September 2024 / Accepted: 19 March 2025

References
1. Compston J. Glucocorticoid-induced osteoporosis: an update. Endocrine. 

2018;61(1):7–16.
2. Weinstein RS. Clinical practice. Glucocorticoid-induced bone disease. N Engl J 

Med. 2011;365(1):62–70.
3. Weinstein RS, Jilka RL, Parfitt AM, Manolagas SC. Inhibition of osteoblastogen-

esis and promotion of apoptosis of osteoblasts and osteocytes by glucocorti-
coids. Potential mechanisms of their deleterious effects on bone. J Clin Invest. 
1998;102(2):274–82.

4. Klein RG, Arnaud SB, Gallagher JC, Deluca HF, Riggs BL. Intestinal calcium 
absorption in exogenous hypercortisonism. Role of 25-hydroxyvitamin D and 
corticosteroid dose. J Clin Invest. 1977;60(1):253–9.

5. Morris HA, Need AG, O’Loughlin PD, Horowitz M, Bridges A, Nordin BE. Malab-
sorption of calcium in corticosteroid-induced osteoporosis. Calcif Tissue Int. 
1990;46(5):305–8.

6. Hampson G, Bhargava N, Cheung J, Vaja S, Seed PT, Fogelman I. Low Circulat-
ing estradiol and adrenal androgens concentrations in men on glucocorti-
coids: a potential contributory factor in steroid-induced osteoporosis. Metab 
Clin Exp. 2002;51(11):1458–62.

7. Cano-Garcia L, Manrique-Arija S, Dominguez-Quesada C, Vacas-Perez JC, 
Armenteros-Ortiz PJ, Ruiz-Vilchez D et al. Sarcopenia and nutrition in elderly 
rheumatoid arthritis patients: A Cross-Sectional study to determine preva-
lence and risk factors. Nutrients. 2023;15(11).

8. Humphrey MB, Russell L, Danila MI, Fink HA, Guyatt G, Cannon M et al. 
2022 American college of rheumatology guideline for the prevention and 
treatment of Glucocorticoid-Induced osteoporosis. Arthritis Rheumatol. 
2023;75(12):2088–102.

9. Tanaka Y, Soen S, Hirata S, Okada Y, Fujiwara S, Tanaka I, et al. The 2023 
guidelines for the management and treatment of glucocorticoid-induced 
osteoporosis. J Bone Min Metab. 2024;42(2):143–54.

10. Yeap SS, Hew FL, Damodaran P, Chee W, Lee JK, Goh EML, et al. An update 
of the Malaysian clinical guidance on the management of glucocorticoid-
induced osteoporosis, 2015. Osteoporos Sarcopenia. 2017;3(1):1–7.

11. Park SY, Gong HS, Kim KM, Kim D, Kim HY, Jeon CH, et al. Korean guideline 
for the prevention and treatment of Glucocorticoid-induced osteoporosis. J 
Bone Metabolism. 2018;25(4):195–211.

12. Laurent MR, Goemaere S, Verroken C, Bergmann P, Body JJ, Bruyère O, et al. 
Prevention and treatment of Glucocorticoid-Induced osteoporosis in adults: 
consensus recommendations from the Belgian bone club. Front Endocrinol. 
2022;13:908727.

13. Charatcharoenwitthaya N, Jaisamrarn U, Songpatanasilp T, Kuptniratsaikul V, 
Unnanuntana A, Sritara C, et al. Summary of the Thai osteoporosis foundation 
(TOPF) clinical practice guideline on the diagnosis and management of 
osteoporosis 2021. Osteoporos Sarcopenia. 2023;9(2):45–52.

14. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assess-
ment of fracture probability in men and women from the UK. Osteoporosis 
international: A journal established as result of cooperation between the 
European Foundation for Osteoporosis and the National Osteoporosis Foun-
dation of the USA. 2008;19(4):385– 97.

15. Kanis JA, Johansson H, Oden A, McCloskey EV. Guidance for the adjustment 
of FRAX according to the dose of glucocorticoids. Osteoporosis interna-
tional: A journal established as result of cooperation between the European 
Foundation for Osteoporosis and the National Osteoporosis Foundation of 
the USA. 2011;22(3):809– 16.

16. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment 
using a semiquantitative technique. J Bone Mineral Research: Official J Am 
Soc Bone Mineral Res. 1993;8(9):1137–48.

17. Chen J-F, Yu S-F, Chiu W-C, Ko C-H, Hsu C-Y, Lai H-M et al. Development and 
comparison of treatment decision tools for Glucocorticoid-Induced osteopo-
rosis. Diagnostics (Basel). 2024;14(4):452.

18. Lai EL, Huang WN, Chen HH, Hsu CY, Chen DY, Hsieh TY, et al. Ten-year fracture 
risk by FRAX and osteoporotic fractures in patients with systemic autoim-
mune diseases. Lupus. 2019;28(8):945–53.

19. Mok CC, Tse SM, Chan KL, Ho LY. Estimation of fracture risk by the FRAX tool in 
patients with systemic lupus erythematosus: a 10-year longitudinal validation 
study. Therapeutic Adv Musculoskelet Disease. 2022;14:1759720x221074451.

20. Moshayedi S, Tasorian B, Almasi-Hashiani A. The prevalence of osteoporosis in 
rheumatoid arthritis patient: a systematic review and meta-analysis. Sci Rep. 
2022;12(1):15844.

21. van Staa TP, Geusens P, Bijlsma JW, Leufkens HG, Cooper C. Clinical assess-
ment of the long-term risk of fracture in patients with rheumatoid arthritis. 
Arthritis Rheum. 2006;54(10):3104–12.

22. Guler-Yuksel M, Hoes JN, Bultink IEM, Lems WF. Glucocorticoids, inflammation 
and bone. Calcif Tissue Int. 2018;102(5):592–606.

23. Richards C, Stevens R, Lix LM, McCloskey EV, Johansson H, Harvey NC, et al. 
Fracture prediction in rheumatoid arthritis: validation of FRAX with bone 
mineral density for incident major osteoporotic fractures. Rheumatology 
(Oxford). 2025;64(1):228–34.

24. Mousa J, Peterson MN, Crowson CS, Achenbach SJ, Atkinson EJ, Amin 
S, et al. Validating the fracture risk assessment tool score in a US Popu-
lation-Based study of patients with rheumatoid arthritis. J Rheumatol. 
2023;50(10):1279–86.

25. Yu SF, Chen MH, Chen JF, Wang YW, Chen YC, Hsu CY, et al. Establishment of 
a preliminary FRAX(R)-based intervention threshold for rheumatoid arthritis-
associated fragility fracture: a 3-year longitudinal, observational, cohort study. 
Ther Adv Chronic Dis. 2022;13:20406223221078089.

26. Klop C, de Vries F, Bijlsma JW, Leufkens HG, Welsing PM. Predicting the 10-year 
risk of hip and major osteoporotic fracture in rheumatoid arthritis and in 
the general population: an independent validation and update of UK FRAX 
without bone mineral density. Ann Rheum Dis. 2016;75(12):2095–100.



Page 9 of 9Puksun et al. BMC Rheumatology            (2025) 9:38 

27. Lekamwasam S, Adachi JD, Agnusdei D, Bilezikian J, Boonen S, Borgstrom F 
et al. A framework for the development of guidelines for the management of 
glucocorticoid-induced osteoporosis. Osteoporos Int. 2012;23(9):2257–76.

28. Suzuki Y. [Glucocorticoid and bone. Updated Japanese guidelines for 
the management of glucocorticoid-induced osteoporosis]. Clin Calcium. 
2014;24(9):1309–18.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Comparison of different intervention thresholds for the treatment of glucocorticoid-induced osteoporosis: a cross-sectional study
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Demographic and clinical characteristics
	Fracture risk assessment
	Characteristics of glucocorticoid-induced osteoporosis patients with and without major osteoporotic and hip fractures
	The performance of intervention thresholds for treating GIO from different guidelines against the incidence of actual fragility fractures

	Discussion
	References


