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Welcome Note
Dear colleagues

Welcome to the summer issue of the Calcium Metabolism and Osteoporosis 
Program newsletter. 

In this issue you will find information about the FRAXplus platform, the updated 
version of FRAX that offers the advantage of quantifying some risk factors in 
FRAX, and the integration of important risk factors that were not available in 
FRAX, which will enhance clinical decisions. 

You will also find summaries of recent papers highlighting the role of trabecular 
bone score in enhancing the performance of FRAX calculation, and consequently 
improving treatment decisions. 

In addition, and like in every issue of our newsletter, we shared with you an 
update of the success stories of our program.
I hope you will enjoy reading the issue. 

Asma Arabi, MD, MSc, CCD
Guest Editor 
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Bone density and trabecular bone score to predict 
fractures in adults aged 20–39 years:
A registry‑based study. Goel et al, Osteoporosis International 34:1085–1091; 2023

Trabecular bone score (TBS) provides an assessment of bone texture that serves as a surrogate of bone architecture and 
enhances fracture risk assessment in older adults, The role of TBS In fracture risk assessment in adults aged 20–40 years 
remains unclear. Goel et al utilized the Manitoba Bone Density Registry to explore the relationship of fracture risk 
with BMD and TBS in 2799 young individuals aged 20–39 years (mean age 32 years, 77% female)), referred for DXA testing. 
Incident major and any fractures were captured from health records. Based on WHO classification, normal BMD, osteopenia, 
and osteoporosis were present in 53%, 40%, and 7% respectively in this study. Applying TBS tertiles, 68%, 19%, and 13% 
were in the highest, middle, and lowest tertile. Unadjusted incident fracture rates for major osteoporotic fractures (MOF) 
and any fracture were highest in those with osteoporosis by BMD T-score, but within each BMD category fracture rates 
were unrelated to TBS tertile. This study concludes that, in young adults, low BMD but not low TBS was predictive of MOF 
and any fracture. Routine clinical TBS measurement is not recommended for young adults. Further study is indicated to 
evaluate whether TBS is beneficial in subsets of younger adults.

Figure 1: Fracture hazard ratios by combinations of BMD and TBS category. After adjustment for FRAX risk factors and scanner type, 
osteoporotic BMD (lowest T-score ≤ − 2.5) is associated with increased risk for major osteoporotic fracture (a) and any fracture (b). 
In contrast, TBS tertile (lowest ≤ 1.230, middle 1.230–1.310, and highest > 1.310) only increased fracture risk for the osteopenia-lowest 
TBS category for any fracture but not for any BMD category for major osteoporotic fracture. Note: * indicates p < 0.05
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Trabecular Bone Score Vertebral Exclusions Affect Risk 
Classification and Treatment Recommendations:
The Manitoba BMD Registry. Leslie W et al J Clin Densitometry; 25(3); 2023

Lumbar spine (LS) trabecular bone score (TBS), is a bone mineral density (BMD)-independent risk factor for fracture, It is 
routine practice lumbar vertebral (LV) levels that show structural artifact are excluded. Logically, it makes sense to delete 
same levels from TBS to maintain consistency in BMD and TBS reporting. On the other hand, it is known that TBS is much 
less sensitive to degenerative artifact than BMD.  To gain insight into the clinical impact of vertebral exclusion on TBS, Leslie 
et al examined the effect of LV exclusions in routine clinical practice on tertile-based TBS categorization and TBS adjusted 
FRAX-based treatment recommendations, in a cohort of 71,209 individuals aged 40 years and older undergoing initial  
fan-beam DXA examination through the Manitoba BMD Program.  

34.3% of the scans had one or more vertebral exclusions for structural artifact including 16.2% with one vertebral exclusion 
and 18.1% with two vertebral exclusions.TBS measurements were categorized using the fixed L1-L4 tertile cutoffs (highest > 
1.31, middle 1.23-1.31, lowest < 1.23). This was initially performed for L1-L4 without exclusions and then repeated after exclusions 
of vertebrae if applicable. TBS adjusted FRAX was also calculated before and after exclusion of vertebrae if applicable. 
Using fixed L1-L4 reclassified 17.9% to a lower and 6.5% to a higher TBS category, with 75.6%. On the other hand, treatment 
reclassification according to the FRAX-based thresholds for major osteoporotic fractures occurred in 2.9% overall, but in 9.6% 
of those with baseline risk for ≥15%. Based upon FRAX hip fracture probability, treatment reclassification occurred in only 3.4% 
of cases overall, with 10.4% reclassification in those with baseline hip fracture risk 2% or greater
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FRAX MOF ‑ All patients with vertebral exclusions

FRAX MOF ‑ Baseline risk³ 15%
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Figure 2: Change in treatment recommendation based upon spine trabecular bone score (TBS) adjusted FRAX major osteoporotic 
fracture (MOF) probability, L1-L4 versus TBS from vertebral level exclusion in patients with structural artefact. Upper panel all 24,428 
patients with vertebral exclusions; lower panel limited to 5,765 with baseline risk _ 15%. Positive numbers indicate more aggressive 
treatment, negative numbers indicate less aggressive treatment.
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Contributions of Clinical and Technical Factors to 
Longitudinal Change in Trabecular Bone Score and 
Bone Density:
A Registry-Based Individual-Level Analysis. Leslie W et al, J Bone Min Res 38,
512-521; 2023.

The use of trabecular bone score (TBS) for guiding patient management is supported by several guidelines. Oral 
bisphosphonates, decrease bone remodeling leading to a modest increase in BMD and preservation of existing bone 
structure. Change in BMD was a good indicator of antifracture effect of osteoporosis medications in clinical trials. Whether 
TBS is sufficiently responsive to change in bone status over time to serve as a useful biomarker at the individual level 
remains to be answered. Using the Manitoba DXA Registry, Leslie et al identified 11,643 individuals age 40 years and 
older (65.3 ±10.0), with two DXA scans performed on the same machine within 5 years (mean interval 3.2 years), and they 
examined factors that were associated with a change in TBS, LS BMD, and total hip BMD exceeding the 95% least significant 
change. 6985 (60.0%) received antiresorptive osteoporosis medication between the scans. From regression models, the 
variables most strongly associated with significant change in TBS were tissue thickness change, acquisition mode change, 
weight change, and spine percent fat change. Use of oral antiresorptive therapies showed very little effect on TBS change. 
These findings suggest a limited role, if any, for using TBS change for monitoring response to antiresorptive treatment in 
clinical practice. 

Figure 3: Unadjusted percent change in spine trabecular bone score (TBS; L1 to L4), spine bone mineral density BMD (L1 to L4), and 
total hip BMD according to change in scan mode, weight change, spine tissue thickness change, and spine percent fat change.
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FRAX Adjustment by Trabecular Bone Score with or 
Without Bone Mineral Density:
The Manitoba BMD Registry. Leslie W et al, J Clin Densitometry, 26: 2023.
The TBS adjustment to FRAX assumes the presence of femoral neck BMD in the calculation. However, there are many 
individuals in whom hip DXA cannot be acquired. Whether the TBS-adjustment would apply to FRAX probabilities 
calculated without BMD has not been studied. Leslie et al used the Manitoba BMD Registry to evaluate the risk of major 
osteoporotic fractures and hip fracture adjusted for TBS with and without femoral neck BMD. The study cohort consisted of 
71,209 individuals (89.8% female) with mean age 64.0 years). During a mean follow up period of 8.7 years, 6743 individuals 
(9.5%) sustained one or more MOF of which 2.9% sustained hip fracture. Lower TBS was significantly associated with 
increased fracture risk when adjusted for FRAX probabilities, with a slightly larger effect when BMD was not included. 
Inclusion of TBS in the risk calculation gave a small but significant increase in stratification for fracture probabilities 
estimated with and without BMD. 

This potentially extends the range of situations where TBS can be used clinically to those individuals in whom lumbar spine 
TBS is available but femoral neck BMD is not available.

AUC (95% CI) For
incident MOF

AAUC, FRAX
without vs with TBS

p-value, FRAX
without vs with TBS

FRAX with BMD, MOF
TBS-adjusted FRAX with BMD, MOF
FRAX without BMD. MOF
TBS-adjusted FRAX without BMD, MOF

0.664 (0.658-0.670)
0.673 (0.667-0.679)
0.639 (0.631-0.647)
0.654 (0.646-0.662)

NA
0.009
NA
0.015

NA
<0.001
NA
<0.001

AUC (95% CI) For
incident HIP

AAUC. FRAX
without vs with TBS

p-value, FRAX
without vs with TBS

FRAX with BMD, HIP
TBS-adjusted FRAX with BMD. HIP
FRAX without BMD. HIP
TBS-adjusted FRAX without BMD, HIP

0.792 (0.784-0.800)
0.794 (0.786-0.802)
0.766 (0.756-0.776)
0.774 (0.764-0.784)

NA
0.002
NA
0.008

NA
0.017
NA
<0.001

Table 1: Incremental change in area under the curve (AUC,95%CI) for incident major osteoporotic fracture (MOF) and incident hip 
fracture (HIP) for FRAX before versus after applying the spine trabecular bone score (TBS) adjustment.

Update On The Clinical Use Of Trabecular Bone Score 
(Tbs) In The Management Of Osteoporosis: 
Results Of An Expert Group Meeting Organized By The European Society For Clinical 
And Economic Aspects Of Osteoporosis, Osteoarthritis And Musculoskeletal Diseases 
(Esceo), And The International Osteoporosis Foundation (Iof) Under The Auspices Of 
Who Collaborating Center For Epidemiology Of Musculoskeletal Health And Aging. 
Position Paper, Enisa Shevroja Et Al, Osteoporos Int; 34:1501–1529; 2023.

In 2015, a Working Group of ESCEO published a review of the TBS literature, concluding that TBS predicts hip and major 
osteoporotic fracture, at least partly independent of bone mineral density (BMD) and clinical risk factors. It was also 
concluded that TBS is potentially amenable to change as a result of pharmacological therapy. Further evidence on the 
utility of TBS has since accumulated in both primary and secondary osteoporosis, and the introduction of FRAX and BMD 
T-score adjustment for TBS has accelerated adoption. An international Expert Working Group was convened by ESCEO to 
review the evidence on 4 selected topics (1) use of TBS in fracture risk prediction; (2) use of TBS for treatment initiation and 
assessing response to pharmacological interventions in postmenopausal osteoporosis; (3) use of TBS for the assessment 
of fracture risk in secondary osteoporosis; and (4) use of TBS for assessing response to pharmacological therapies in 
secondary osteoporosis. A total of 96 articles were reviewed and included data on the use of TBS for fracture prediction in 
men and women, from over 20 countries. The expert Working Group recommendations are itemized below:
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Topic one: Use of TBS in fracture risk prediction in postmenopausal and male osteoporosis
1.	 TBS is predictive of fragility fractures in postmenopausal women and men above the age of 50 years.

2.	 TBS is predictive of fragility fractures independent of BMD and of clinical risk factors including those in FRAX.

3.	 TBS adds predictive value when used in association with FRAX and BMD to adjust the FRAX probability of fracture in 
postmenopausal women and in men above the age of 50 years.

4.	 BMD adjusted for TBS is an alternative solution when FRAX is not available.

5.	 The greatest utility of TBS is for those individuals who lie close to a FRAX or T-score intervention threshold.

6.	 TBS continues to add value to FRAX in patients previously receiving antiresorptive drugs.

Topic 2: Use of TBS for the initiation of treatment and monitoring of treatment effect in postmenopausal osteoporosis
1.	 Patients with low TBS who lie below but near the treatment threshold should be considered for an earlier assessment 

and lifestyle advice.

2.	 TBS with BMD and FRAX probability contributes to the stratification of antiosteoporosis therapy according to fracture 
risk, directing very high-risk patients to anabolic-first approaches.

3.	 TBS in conjunction with BMD, is useful for monitoring individual response to long-term denosumab treatment (5 years 
or more).

4.	 TBS in conjunction with BMD is useful for monitoring individual response to PTH/PTHrP-analogue treatments such as 
teriparatide and abaloparatide.

5.	 TBS in conjunction with BMD is useful for monitoring the individual response to romosozumab.

6.	 A decrease in TBS more than LSC during treatment should prompt further clinical review.

7.	 TBS contributes useful information in the assessment of treatment response for patients receiving bone forming agents 
or long-term denosumab.

Topic 3: Use of TBS in the prediction of fracture risk associated with secondary osteoporosis
1.	 Reductions in TBS are observed in most secondary osteoporosis-related diseases.

2.	 TBS predicts fracture risk in type 2 diabetes, independently of BMD and FRAX probability.

3.	 TBS predicts fracture risk in chronic kidney disease independently of BMD.

4.	 TBS predicts fracture risk in patients treated with glucocorticoid independently of BMD.

5.	 TBS predicts fracture risk in rheumatological diseases, for example: rheumatoid arthritis, independent of BMD.

6.	 TBS is relatively unaffected by spinal changes such as osteophytes and syndesmophytes.

Topic 4: Use of TBS for treatment monitoring in secondary osteoporosis
1.	 TBS adds value when used with BMD in monitoring skeletal effects of aromatase inhibitors.

2.	 TBS adds value when used with BMD in monitoring skeletal effects of glucocorticoids.

3.	 Evidence supporting the use of TBS in monitoring response to antiosteoporosis therapy is applicable across both 
primary and secondary osteoporosis.
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Adjusting conventional FRAX estimates of fracture 
probability according to the number of prior falls in 
the preceding year. 
Kanis et al, Osteoporos Int 34:470-487; 2023

A greater propensity to falling is associated with higher fracture risk. Kanis et al studied 21,116 women and men age 40 
years or older (65.7±10.1 years) with fracture probability assessment (FRAX), self-reported falls for the previous year, 
and subsequent fracture outcomes in a registry-based cohort. The Hazard ratios of MOF and hip Fracture increased 
progressively with an increasing number of reported falls in the previous year, but was similar with or without the inclusion 
of BMD in FRAX calculation. 

Figure 4: Average probability ratios for a major osteoporotic fracture and hip fracture according to the number of reported falls in the 
absence of BMD input into FRAX and when BMD is entered into FRAX.
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New FRAXplus® (Beta version) illustrates potential of 
refined risk factor information entered to the world’s 
most widely used fracture risk assessment tool. 
https://www.fraxplus.org/frax-plus

FRAX® is the most widely used online fracture risk assessment tool to estimate the individualized probability of hip 
fracture and major osteoporotic fracture. Although FRAX integrates well-validated risk factors for fragility fracture, it 
does not quantify risk factors such as dose of glucocorticoids and date of previous fractures. It also does not take into 
consideration some risk factors that emerged as important risk factors for osteoporotic fractures over the last decade. 
FRAXplus is an updated platform of FRAX calculator that was recently launched and that integrates the following 
additional risk factors:

1.	 Recency of osteoporotic fracture.

2.	 High exposure to oral glucocorticoids.

3.	 Type 2 diabetes mellitus.

4.	 Falls history

5.	 Hip axis length (HAL).

6.	 Concurrent data on lumbar spine BMD: Major discordances between lumbar spine (LS) and femoral neck (FN)  
BMD T-Score

Adjusting for the above risk factors allows the clinicians to further refine risk prediction and to optimize the identification  
of patients at highest fracture risk.

Publications
•	 Cappola A, Auchus R, El-Hajj Fuleihan G, et al. Hormones 

and Aging: an Endocrine Society Scientific Statement. 
JCEM 2023; 00:1-40.

•	 Wu F, El-Hajj Fuleihan G, Cai G, Lamberg-Allardt C, 
Viljakainen HT, Rahme M, Gronborg IM, Andersen R, 
Khadilkar A, Zulf MM, Molgaard C, Larnkjær A, Zhu K, 
Riley RD, Winzenberg T. Vitamin D supplementation for 
improving bone density in vitamin D-deficient children 
and adolescents: systematic review and individual 
participant data meta-analysis of randomised controlled 
trials. Am J Clin Nutr 2023. In Press.

•	 El-Hajj Fuleihan G, Drake MT. Commentary on the 
Endocrine Society Clinical Practice Guideline on 
the Treatment of Hypercalcemia of Malignancy in 
Adults. Metabolism 2023 Jun;143:155553.doi: 10.1016/j.
metabol.2023.155553.

•	 El-Hajj Fuleihan G, Drake M, Clines G, Hu M, Marcocci C, 
Murad MH, Piggott T, Van Poznak C, Wu J.  Treatment of 
Hypercalcemia of Malignancy in Adults: An Endocrine 
Society Clinical Practice Guideline. J Clin Endocrinol 
Metab 2023;108(3):507-528.

•	 Seisa M, Nayfeh T, Hasan B, Firwana M, Saadi S, 
Mushannen A, Shah S, Rajjoub N, Farah M, Prokop L, Wang 
Z, El-Hajj Fuleihan G, Drake M, Murad H. A systematic 
review supporting the Endocrine Society Guideline on 
the treatment of hypercalcemia of malignancy. JCEM 
2023;108(3):585-591.

•	 Giustina A, Bilezikian J, Binkley N, DeLuca H, Fassio A, 
Formenti AM, El-Hajj Fuleihan G, Heijboer A. Consensus 
and Controversial Aspects of Vitamin D and COVID-19. 
JCEM 2023; 108(5):1034-1042.

•	 Meier C, Eastell R, Pierroz D, Lane N, Al-Daghri N, Suzuki 
A, Napoli N, Mithal A, Chakhtoura M, El-Hajj Fuleihan 
G, Ferrari S. Biochemical Markers of Bone Fragility in 
Patients with Diabetes. A Narrative Review by the IOF 
and the ECTS. J Clin Endocrinol Metab 2023. doi: 10.1210/
clinem/dgad255.

•	 Association between vitamin D and cardiovascular 
health: Myth or Fact?  A narrative review of the evidence. 
Hala ahmadieh & Asma Arabi. Women Health, Women’s 
Health(19), 1-12; 2023.

Educational activities
Bone series
Bone and Mineral Metabolism Series: launched in 
November 2021, is part of the Calcium Metabolism and 
Osteoporosis Metabolic Bone Diseases 2-year curriculum, 
with participation of worldwide experts in osteoporosis 
and metabolic bone disorders. The program will continue 
offering this curriculum. The new cycle will start on October 
9, 2023

Bone Health TeleECHO
Bone Health TeleECHO is an ongoing live virtual and 
interactive case based learning network for health care 
professionals to share knowledge on the care of patients 
with osteoporosis and metabolic bone disorders. The 
upcoming sessions in 2023 will be announced soon.
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Academic News 
1.	 CaMOP Faculty were invited as WHO temporary advisors for the Regional Expert Meeting on Policy Action for Healthy 

Diets. Dr Arabi represented the program and presented the Lebanese vitamin D guidelines at the meeting that was held 
in Dubai on Feb 28-Mar 1, 2023.

2.	 Dr Asma Arabi and Dr Marlene Chakhtoura gave lectures at the 18th annual meeting of the Lebanese Society of Internal 
Medicine on May 13-2023.

3.	 CaMOP Faculty led the WHO regional consultation meetings on development of vitamin D guidelines. The meeting 
that was held in Beirut on May 15-16 in included presentations and an expert discussion on the Lebanese vitamin D 
guidelines, their applicability to the countries of the Eastern Mediterranean Region, research gaps on vitamin D nutrition, 
as well as appropriate methodology for obtaining necessary data.

4.	 CaMOP Faculty Drs El-Hajj Fuleihan, Arabi, and Chakhtoura provided two solid morning sessions at the 2nd Levant 
Endocrinology & Diabetes Congress – In Conjunction with: the 26th Annual Congress of the LSEDL on June 2 and 3.

5.	 Dr El-Hajj Fuleihan provided 4 presentations at the Endocrine Society Meeting (June 13-14, 2023) entitled “Human 
Genomics and CaSR”, “Update and new perspectives on familial hypocalciuric hypercalcemia and primary 
hyperparathyroidism”, “Aging and Hormones: The Endocrine Society Scientific Position Statement: Vitamin D” and 
“Treatment of Hypercalcemia of Malignancy in Adults An Endocrine Society Clinical Practice Guideline”, and one 
presentation at the  Clinical Endocrinology Update on September 21, 2023 entiled “Hypercalcemia of Malignancy – 
Etiology and Approach to Management”

CaMOP Fund for needy patients 
CaMOP has launched several initiatives to help needy patients who have or are at high risk of osteoporosis. Since 2021, over 
600 patient evaluations were performed, with expanding outreach in 2023. Patient evaluation includes clinic visits, bone 
density, and lab tests, free of charge as part of: 

•	 Promotion of World Osteoporosis Awareness Day and Month each year. 
•	 Promotion of bone health in children with leukemia and brain tumors. 
•	 Promotion of bone health in high-risk patients with breast and prostate cancer. 
•	 Promotion of bone health in high-risk needy patients. 
•	 Distribution of awareness materials to patients and the public

To support our program, visit the following link https://giving.aub.edu.lb/camop

Save the Date 
October 13 - 16, 2023 
American Society for Bone and Mineral Research (ASBMR), Annual Meeting | Vancouver, Canada

October 19-22, 2023
EndoBridge | Antalya

Nov 11-13, 2023
JSED-MEDERA meeting | Amman, Jordan

Nov 17-19 2023
AACE Communities MENA meeting | Dubai
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