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DEFINITION

« a skeletal disease characterized 
by low bone mass and 

microarchitectural deterioration of 
bone tissue, leading to enhanced 
bone fragility and a consequent 
increase in the risk of fractures»

Consensus Development
Conference

Am J Med, 1991
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Diagnostic: DEXA

1. World Health Organization. Technical Report Series 921. Prevention and Management of Osteoporosis: Report of a WHO Scientific Group. 2003.

• DEXA = Dual X-ray Absorptiometry

• Result = g/cm², in standard deviations from the 

theoretical mean bone mass of a young adult (T 

score)

• Used in clinical practice to diagnose osteoporosis1

• BMD is measured mainly at the hip and spine1

• The T-score compares the subject's BMD to the 

average BMD of a young, healthy reference 

population1
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Risk Factors for Low Bone Mass 

• Gender (Women > Men)

• Advancing age

• Family history (mother and grandmother)

• Ethnicity (European and Asian > African)

• Body size (> low BMI)

• Lifestyle
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Additional Risk Factors

Low Bone Mass

• Estrogen deficiency 

• Nutrient deficiency 
• Calcium

• Vitamin D

• Sedentary lifestyle

• Alcohol abuse

• Tobacco usage

Fracture

• Frequent falls
• Poor or impaired vision 

• Dementia

• Poor health/frailty

National Osteoporosis 
Foundation, 2008 



Diseases and Conditions Associated 
with Low BMD as Measured by DXA

• Hormonal
• Hypogonadism

• Hyperparathyroidism

• Hyperthyroidism

• Insulin dependent diabetes 
mellitus

• Autoimmune
• Rheumatoid arthritis

• Gastrointestinal
• Malabsorption syndromes 

• Gastrectomy

• Intestinal bypass

• Crohn’s disease

• Celiac disease



Some Medications Associated with 
Reduced Bone Mass 
• Glucocorticoids

• Thyroid hormone
• At doses higher than needed to achieve normal levels

• Medroxyprogesterone (Depo-Provera®)

• Furosemide

• Lithium

• Anticonvulsants
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Clinical Indications for BMD 
Measurement
• All women aged 50 (or at the age of menopause, if earlier) 

and about every 2 years 



Treatment of osteoporosis



Prevention!!!

• Increase dairy products (2-3 servings/day)

•  Alcohol,  tobacco

• Physical exercice

• Vitamin D ans calcium supplementation
• 1 g Ca element/d (www.grio.org)
• Vitamin D (800 – 1000 IU/d)

• Fall prevention



Pharmacological Treatment

• Estradiol

• Bisphosphonates

• SERMS 

• Parathyroid hormone and analogues

• Denosumab

• Romosozumab

…always with calcium and vitamin D supplementation!



Bone turnover markers
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Why should we use BTMs?

• Evaluation of rapid bone loss

• Evaluation of fracture risk

• Evaluation of the response to the treatment

• Evaluation of the compliance
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Population 
followed over 13 
years vs. BMD



BTM are associated with fracture 
risk







High BTMs associated
with BMD better

predict hip fracture 
than BTMs or BMD 

alone!



Evaluation of the response to the treatment

• Short-term antiresorptive treatment-related changes in bone ALP, 
PINP, and CTX account for a large proportion of the treatment effect 
for vertebral fracture. 

• Change in BTMs is a useful surrogate marker to study the anti-fracture 
efficacy of new AR compounds or novel dosing regiments with 
approved AR drugs

30
Eastell, JBMR, 2020
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Evaluation of compliance

32
Diez-Perez, Osteoporosis Int 2017



In conclusion, BTMs are 
useful, especially for 

monitoring treatment
efficacy and compliance 
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But why aren’t they more 
largely used in clinical

practice?
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Many (good or bad) reasons…

• Lack of knowledge on exact sample preparation and 
handling

• Laboratory (analytical) issues

• Lack of knowledge on targets 

• Unavailability in local labs

• Lack of reimbursement by national health authorities

• Lack of knowledge on the best marker to use

• Unavailability of good reference intervals

• ………
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Which markers?

Bone Formation

PINP

Bone-ALP

Bone Resorption

β-CTX

TRAP-5b



INAMI/RIZIV

One BONE RESORPTION marker 

(either -CTX or TRAP-5b)

AND

One BONE FORMATION marker 

(either PINP or Bone-ALP)

Can be refunded on the same prescription
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Importance of the pre-analytical phase

• Time of sampling

• Type of sample

• Intra-individual variation

• Impact of food intake

• Analyte stability



Analytical phase

• Coefficient of variation

• Non-specific recognition (fragments, iso-enzymes)

• Methods of determination



Post-analytical phase

• Reference range/result expression

• Units

• Least significant change

• Assay comparability

• Influence of kidney/liver function



Uncontrollable sources of variation

Vasikaran et al, Ostoporosis International  2011



β-CTX (units: ng/L)

• Very dependent on time of day and food (must be collected after an 
overnight fast); CTX decreases by 20% after breakfast

• Influenced by renal function, liver function and circadian rhythm: 
highest values in second half of night and on waking; lowest values in 
afternoon and evening

• Suitable on serum or EDTA plasma (preferred)

• Can be measured with 2 automated assays (IDS iSYS and Roche cobas) 
and 1ELISA (IDS)
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PINP (units: µg/L)

• Circulates as a trimeric intact form and monomers that increase in 
some conditions like CKD, Chronic immobility or breast cancer with
metastases

• Rapidly cleared by liver.

• Fasting status not mandatory.

• Can be measured with 2 automates (IDS iSYS and Roche cobas) and 1 
RIA (Orion)

• TOTAL and INTACT assays available!

TOTAL = Roche = measure the monomers = interference in CKD

INTACT = IDS and Orion = does not measure the monomers = no 
interference in CKD

• Orion: only FDA approved method and thus only availbale in the US



Cavalier et al, CCA 2013



Cavalier et al, CCA 2013
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Bone alkaline phosphatase

TRAP-5b
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To summarize…

Influenced by 
CKD?

Influenced by 
food?

Circadian
rythm?

Influenced by 
Fractures?

Sample
type

b-ALP N N N Y Serum
(only)

TRAP-5b N N N Y Serum
(only)

Intact PINP N N N Y Serum
EDTA

Total PINP Y N N Y Serum
EDTA

β-CTX Y Y Y Y EDTA
(favourite)
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Other recommendations

• Percentiles should be provided

• Analytical method should be mentionned on the laboratory protocol!
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Conclusions

• BTMS are useful in clinical practice.

• Some clinicans may be afraid to use them because of some
preanalytical and analytical issues and a lack of concordance between
methods

• The IOF-IFCC Committee for Bone metabolism is working to improve
that. 
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Annual meeting
17th November 2023
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THANK YOU

. 


