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GIOP Presentation Outline

• Epidemiology of GIOP

• Treatment and Prevention Studies (focus 
on new therapeutic opportunities and 
challenges)

• New Guidelines and GIOP treatment 
conundrums







• Glucocorticoids used chronically by 
0.5% of population1

• Aetna managed care members 
beginning long-term ( >3 mo.) steroid 
therapy (n = 6756)2

Glucocorticoid Use in the U.K. and U.S.

– Rheumatoid 

arthritis (21%)

– Emphysema (16%)

– Asthma (15%)

– Lupus (7%)

– Inflammatory bowel 

disease (7%)

– Polymyalgia 

rheumatica (5%)

1. Walsh LJ. Brit Med J 1996;314:344 

2. Mudano A, J Rheumatol, 2001;28:1298



Trends in Systemic Glucocorticoid Utilization in the 

United Kingdom from 1990 to 2019

Menzies-Gow A. Prag Obser Res 2024:15 53 



Physicians Prescribing Glucocorticoids
(n=792)

GP / FP
(n=123)

16%

Internal Medicine
(n=311) 39%

Rheumatology
(n=129)

16%

Gastroenterology
(n=53) 

7%

Pulmonary Medicine
(n=23) 

3%

All others (n=153)

19%

Mudano A. J Rheumatol, 2001;28:1298



Prednisone Monotherapy Attenuates 
Rheumatoid Arthritis  X-ray Damage

van Everdingen Ann Int Med 2002;136:1 * P <  0.05
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Annual Incidence of Fractures 
on Glucocorticoids

Meta-regression of Control Arms of GIOP Clinical Trials

Vertebral Non-Vertebral

Glucocorticoid

Initiating
5.1 % (95 % CrI = 2.8–8.2) 2.5 % (95 % CrI = 1.2-4.2) 

Glucocorticoid 

Continuing
3.2 % (95 % CrI = 1.8–5.0) 3.0 % (95 % CrI = 0.8–5.9) 

Amiche M. Osteop Int 2016;27:1709



Glucocorticoids Alter the BMD
Fracture Threshold

van Staa T. Arth Rheum 2003; 48: 3224

Steroid users
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Effect of Daily Glucocorticoid Dose on Non-

Vertebral Fractures
No Fully Safe Dose For Bone but > 20 mg worse!

van Staa T. Rheumatology 2000;39:1383

1.1

1.2
1.3

1.4
1.5

1.6
1.7

1.11.8

1.9
2.0

2.1
2.2

2.3
2.4

2.5

2.6
2.7

2.8

Adjusted Relative Rate

of Fracture (and 95% CIs)

Average Daily Corticosteroid dosage (mg)

5 10 15 20 250



0

2

4

6

8

10

12

14

16
In

cid
en

ce
 r

at
es

*
(9

5%
 C

I)

Systemic Glucocorticoid Exposure

Spine Fracture
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Dose-Response of Glucocorticoid Impact on 
Fracture Risk Observed among RA Patients

US Marketscan Claims Data (n = 42K)

Balasubramanian A. Osteop Int 2016;27:3239* Incidence rates per 1000 person years



Fractures Are the Most Common
Serious Glucocorticoid (GC) Adverse Event
Among Rheumatoid Arthritis (RA) Patients

GC User GC Nonuser

Adverse Events (AEs) (112) (112)

Saag K. Am J Med. 1994;96:115

Fracture 21 (19%) 8 (7%)

Cataract 17 5

Serious Infection 14 4

GI Bleed or Ulcer 11 4

Diabetic Complication 8 3

Herpes Zoster 8 1

Myocardial Infarction 4 4

Stroke 6 1

Glaucoma 1 1

Death 2 0



Time to the Development of the 
First Adverse Event (AE)

1.0

0.8

0.6

0.4

0.2

0

0 2 4 6 8 10 12 14 16 18 20

No Prednisone 

(n=112)

Prednisone Dose <5 mg

(n=41)

Prednisone
Dose 5-10 mg

(n=62)

Prednisone
Dose >10-15 mg

(n=9)

Probability

of Remaining

“AE Free”

(Survival)

Years of Prednisone (Cases) or Follow-up (Controls)

Saag K. Am J  Med 1994;96:115



Risk Factors for the First AE
Among RA Patients

Final Model Variables Odds Ratio 95% CI p-value

Average prednisone

> 10-15 mg/d 32.3 4.6, 220 0.0004

5-10 mg/d 4.5 2.1, 9.6 0.0001

> 0- <5 mg/d 1.9 0.8, 4.7 0.15

Rheumatoid nodules 3.9 1.9, 8.0 0.0001

Bony erosions 2.4 1.2, 4.7 <0.02

Job: farmer/laborer 2.4 1.1, 5.6 <0.04

GI protective drugs 0.6 0.4, 0.9 <0.02



→ 4.8 x 100 person-year

→ 2.8 x 100 person-year

→ 2.5 x 100 person-year

→ 2.2 x 100 person-year

2x higher

risk

30% higher

risk

Even Low Dose Glucocorticoids Lead to 

Fractures (when not on anti-OP Rx)

Adami G. Arthritis Rheum 2023;75:1762





Osteoporosis and Rheumatoid Arthritis
Is it Steroids or RA ?

• RA, NOT 
steroids, 
causes 
bone loss
Verhoven A. J Rheum

1997;24:1495

TNF-a IL-6
IL-1

Estrogen

Lymphocytes

Osteoblasts,
Stromal cells

RANKL

Osteoclast
numbers

Gravellese EM. Arthritis Res 2001;3:6
Madsen OR. Ann Rheum Dis 2002;61:325



Buttgereit F.  Nat Rev Rheum 2024;20:417

Osteoporosis and Fracture Risk 
Multifactorial in Inflammatory Rheumatic 

Diseases



Safety of Low-Dose Glucocorticoids 
in Rheumatoid Arthritis

▪ Adverse effects widely reported, yet….

Problems with observational studies of steroids:

Confounding by indication (susceptibility bias)

Diagnostic detection bias

Extrapolation across doses

Effects of RA disease activity



A Well Designed Randomized Trial 
Seems to be Needed!



Boers M.  Ann Rheum Dis 2022;81:925



GLORIA Trail- Benefit

Boers M.  Ann Rheum Dis 2022;81:925

-0.37 points

Boers M.  Ann Rheum Dis 2022;81:925



GLORIA- Bone Health Outcomes83

Prednisolone Placebo

baseline change baseline change diff p

Bone mass, n 220 142 221 135

T-score, lumbar spine -0.48 -0.07 -0.71 0.19 0.27 <0.0001

T-score, total hip -1.14 -0.04 -1.09 -0.01 -0.04 0.40

Fractures, n 211 120 220 124 RR

Spine fx, n (%) 68 (32) 23 (19) 78 (36) 19 (15) 1.28 0.14

SAE AESI SAE AESI

Symptomatic, total 2 11 4 6

vertebral 0 4 2 2

pelvis 2 1 0 0

hip 0 0 1 0

foot 0 4 0 1

arm/hand 0 2 0 3

multiple limb 0 0 1 0

Boers M.  Ann Rheum Dis 2022;81:925



GIOP Pathophysiology

Compston J. Endocrine 2018;61:7
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GIOP Pathophysiology
Glucocorticoid Therapy

 PPARg2

 Sclerostin

 Wnt signaling

 BMPs

Activation of pro-apoptotic

molecules

 RANKL

 M-CSF

 OPG

Reduced osteocyte number

Osteocytes OsteoclastsOsteoblasts

Increased resorption

(early, transient)

Decreased formation

(long term)
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Compston J. Endocrine 2018;61:7



Alendronate  GIOP Prevention and Treatment

% Change

(Mean

+ SE)

Weeks

10 mg***

5 mg***

PBO
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* ** P < 0.001
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Saag K. NEJM 1998; 339:292



*P < 0.05
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Etidronate 400 mg Cyclical

Alendronate 5 mg, 10 mg

Alendronate Ext 2.5 mg, 5 mg, 10 mg

Risedronate 5 mg

Vertebral
Fracture

Rate
(%)

Baseline

Placebo

1 year
Saag 98

NEJM

1 year
Wallach 00

Calcified Tissue Int

2 year
Adachi 01

Arthritis Rheum

1 year
Adachi 97

NEJM

90%*
risk

reduction

40%
risk

reduction

70%*
risk

reduction

38%
risk

reduction

GIOP Bisphosphonate Trials:  Fracture Rates



* p-value < 0.01

Zoledronic Acid vs. Risedronate in GIOP 
Lumbar Spine BMD

Risedronate Zoledronic acid

Reid D.  Lancet 2009; 373: 1253
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Alendronate Reduces Hip Fx in GIOP
Swedish National Data Base (n = 433K)

Axelsson KF. JAMA. 2017;318:146



Oral Bisphosphonates Reduce Fracture Risk 
Among Oral Glucocorticoid Users in Canada

(3945 Alendronate, 5825 Risedronate, and 8464 Etidronate)

Amiche M. JBMR 2018; 33:419

Hazard Ratios
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Teriparatide vs. Alendronate
New Vertebral Fractures

Alendronate

(n=169)*

Teriparatide

(n=173)* P-value

Vertebral radiographic 13 (7.7%) 3 (1.7%) 0.007

Clinical vertebral** 4 (2.4%) 0 0.037

*Number (%) of patients with paired baseline and postbaseline spinal radiographs

**Radiographically confirmed vertebral fracture(s) associated with symptoms such as back pain; 

vertebrae graded individually for compression deformity using semiquantitative criteria

Saag K. NEJM 2007;357:20



Trabecular Bone Score (TBS)
and BMD by DXA in GIOP Trial

*p<0.05 from baseline; °p<0.05 between groups

*
*

*
*

*

*

*°
*°*°

*°

*°

*°

*°

*°Teriparatide 

LS BMD by DXA

TeriparatideTBS

Alendronate 

LS BMD by DXA

Alendronate TBS

Saag KG et al.  Arth Rheum 2016



Teriparatide vs. Risedronate

Finite Element Analysis - Strength
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Glüer C. J Bone Miner Res  2013;28:1355
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Abaloparatide in OVX Rabbits with GIOP

Chandler H. Osteoporos Int 2019;30:1607



Densosumab in GIOP

Lumbar Spine BMD Percentage Change From Baseline 
Months 6 and 12

Glucocorticoid-continuing (GC-C) Glucocorticoid-initiating (GC-I)
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227 211

224 209

128 126

127 119

Risedronate n=

Denosumab n=

n = Number of subjects with observed values at baseline and the time point of interest; *p ≤ 0.002

*

* *

*

Risedronate Denosumab

Saag KG.  Lancet Diab Endo,2018;6:445



Serious Infections by High Risk Subgroups

In Denosumab Glucocorticoid-Induced OP Study

With Concomitant Biologics Medication, n (%)

Risedronate

N = 27

Denosumab

N = 17

2 (7.4) 0 (0.0)

With Concomitant Biologics Medication

or Immunosuppressants, n (%)

Risedronate

N = 227

Denosumab

N = 208

9 (4.0) 6 (2.9)

N = Number of subjects who received ≥ 1 dose of IP with or without concomitant biologics medication

N = Number of subjects who received ≥ 1 dose of IP with or without concomitant biologics medication or immunosuppressants

Saag KG.  Lancet Diab Endo,2018;6:445



Results: Change in P1NP From Baseline Upon Denosumab 
Discontinuation in Subjects With Rheumatoid Arthritis

BL=baseline; IQR=interquartile range (Q1, Q3); P1NP=serum procollagen type I N-terminal propeptide 

Includes subjects enrolled in the off-treatment phase with observed values at baseline and time point of interest
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Denosumab GIOP Switching Trial



Sato AY. JBMR 2016; 31:1791

Protection From GIOP 
in the Absence of Sost/Sclerostin

% Change

BMD



Romo vs Dmab in GIOP – 12 mo data (n= 70)

• Romosozumab superior to denosumab in increasing spine 
BMD at month 12 in chronic GC users with high fracture risk

• Both drugs well-tolerated
Mok CC. J Int Med 2024;0:1



Kobayakawa T. Modern Rheum 2023;33:26

Denosumab vs Romosozumab in RA 
Patients on Glucocorticoids (n = 36)



Children < 18 Years Adults < 40 Years Adults ≥ 40 Years

Back 

Pain or 

Fracture

No further 

assessment
BMD, thoraco-

lumbar X-ray

• BMD with VFA 

or spinal xray

• FRAX ® with 

GC correction

within 6 months 

of starting GC

ACR GIOP 2022- Initial Fracture 
Risk Assessment

Clinical Fracture Risk Assessment

• BMD with VFA 

or spinal xray

within 6 months 

of starting GC

Disease status decision point

Presentation

Conditional recommendation

Strong recommendation



ACR GIOP 2023



ACR GIOP 2023



ACR GIOP 2023



ACR GIOP 2023

-2.5, 20, 3 -3.5, 30, 4.5-1, 10, 1everyone else



ACR GIOP

Adults Very High RiskAdults  High RiskAdults Moderate RiskAdults Low Risk



Odvina DM. Aging Clin and Exp Res 2022 34:2591



Most women >65 yrs with 

NORMAL Z-score and RA Odvina DM. Aging Clin and Exp Res 2022 34:2591



2022 LATAM GIOP Guidance

Odvina DM. Aging Clin and Exp Res 2022 34:2591



GIOP Controversies and Challenges 
Requiring A Personalized Approach

“The Data Free Zone”

• Indications for Osteoporosis Therapy

• Premenopausal women (particularly of child 
bearing potential)?

• Duration of  Osteoporosis Therapy

• “Drug Holidays” ?

• Rx after first teriparatide ?

• Bone Rx with CKD



Bisphosphonates  in Premenopausal 
Women on Glucocorticoids

Effects on Lumbar Spine BMD

PBO 2.5 mg RIS 

or 

5 mg ALN

5 mg RIS 

or 

10mg ALN 

Cohen, Arth Rheum  1999 (prevention) (n =46)

Reid, JBMR 2000 (treatment) (n = 25)

Saag, NEJM 1998 (n = 104)





Atypical Femoral Fractures (AFF) Associated 
with Longer Use of  Glucocorticoids

Femoral neck

(n = 207)

Intertrochanteric

(n = 329)

Femoral Shaft

NOT atypical 

(n = 122)

Femoral Shaft 

Atypical

(n = 75)

28 (14.5) 46 (15.2) 19 (16.7) 9 (12.9)

Any Dispensing of Glucocorticoids in past 12 Months, n (%) (in blue)

Femoral Shaft

NOT atypical 

(n = 122)

Femoral Shaft Atypical 

Major criteria ONLY

(n = 53)

Femoral Shaft Atypical

Major AND “Minor”* 

Criteria

(n = 22)

2.7 + 2.9 (n = 43) 2.6 + 2.6 (n = 17) 4.8 + 4.1 ( n= 8)

Cumulative steroid 

use, yrs mean + SD 

Feldstein AC. JBMR 2012;27:977

*Minor criteria of lateral stress fx at time of study is NOW major AFF criteria



What Happens to BMD When Alendronate 
is Withdrawn and Glucocorticoid Use      

(> 6 mg per day) Continues?

Lumbar Spine Femoral Neck Total Hip

No. Mean +

SEM

No. Mean +

SEM

No. Mean +

SEM

Alendronate 

continued

for < 90 

days

11 -5.1 + 2.7 11 -9.2 + 2.9 9 -6.6 + 3.2

Alendronate

continued 

for > 300 

days

31 0.1 + 1.1 30 -0.9 + 1.1 20 1.8 + 1.1

Emkey R. Arth Rheum 2003;48:1102



Caveats on Treating Low Bone Mass 
Among Glucocorticoid Users with CKD

• Is it osteoporosis or is it CKD MBD (or both)

• Adynamic bone disease is common (look for lowish
PTH and low alk phos) and anti-resorptives are 
contraindicated

• IV and po bisphosphonates (with some exceptions) 
are contra-indicated with GFR < 30

• Denosumab associated with prolonged, severe 
hypocalcemia in CKD setting

• Limited evidence around PTH analogs with adynamic
disease; limited effectiveness if PTH level is high

• Romosozumab use in mild CKD possible; advanced 
CKD anecdotal

Cejka D.  Kid Blod Press Res 2010;33:221

Miller PD.  JBMR 2022:37:1437



What Are Newer Strategies to Make 
Glucocorticoids Less Toxic?

• 11 Beta-Hydroxysteroid dehydrogenase type 1 (HSD1) Inhibitors

• Retard conversion of prednisone to prednisolone at cellular level

• Preliminary reports suggest reduced adverse effects on bone turnover, 
lipids and blood pressure 

• SElective Glucocorticoid Receptor Agonists (SEGRAs)

• Many tries and many misses to find the “ Holy Grail” of a safe, effective 
glucocorticoid mimetic compound

Pofi R. Endo Revs 2023; 44:975

Othonos N. Nat Com 2023;13:1025



GIOP Update 2025
• Increasing evidence on glucocorticoid dose and 

duration effects on fracture risk, risk likely varies by 
fx site and across disease- 75 yrs later !

• RCT data for BMD benefit with bisphosphonates, 
denosumab, teriparatide and perhaps romozosumab
(no regulatory indication yet) in GIOP 

• Observational studies of bisphosphonates  show 
reduced fractures

• GIOP guidelines from ACR and LATAM are very 
helpful but not proscriptive

• Quality of GIOP (and post-fracture) care remains 
suboptimal and difficult to fix in many international 
health systems
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