














PTH assays













Normal values of 25(OH)vitamin D

<10 ng/mL (severe deficiency)

10-19 ng/mL (mild to moderate deficiency)

20-50 ng/mL (optimum levels)

51-80 ng/mL (increased risk of hypercalciuria)

>80 ng/mL (toxicity possible)



























24 hydroxylase deficiency: low vitamin D breakdown

inactivating CYP24A1 mutations (PTH-independent hypercalcemia)

reduced breakdown of 25 vit D

nephrocalcinosis

25 vit D/ 24,25 vit D ratio

< 25: normal 

between 25-80: heterozygous CYP24A1 mutations

> 80: biallelic CYP24A1 mutation or deletion









Chvostek sign











25(OH) vitamin D















Phosphate

• Adult: 0,80 – 1,45 mmol/L

• Circadian rhythm!

• Diet!







FGF-23

• Diagnosing and monitoring oncogenic osteomalacia

• X-linked hypophosphatemia and AD hypophosphatemic rickets

• (predicting treatment response to calcitriol or vitamin D analogs in patients with renal failure)
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Pre-analytical considerations (1)

• Urine: 24h or urine specimen (creatine correction)
• Serum markers: more popular

• Children have higher values due to growth
• Elderly have lower values, especially postmenopausal women

• Elevated during pregnancy and lactation
• Elevated during immobilisation
• Elevated after bone fractures (6 months)
• Unreliable if impaired kidney function



Pre-analytical considerations (2)

• Circadian rithm: highest levels during the morning

• Phase in menstrual cycle
• Formation markers are elevated in luteal phase

• Resorption markers are elevated in follicular phase

• Seasonal variation: markers are higher in winter (when vitamin D is 
low)

• Meat etc. increase markers  SOBER

• Smoking or low BMI: higher values

• Other organs then bone contain collagen:  heart, connective tissue…



Analytical problems

• No standardization

• No good EQC available

• IFCC working group on standardization: 

• CTx and P1NP

• In serum

• Work in progress





Monitoring of anti-osteoporosis therapy: USEFUL

• Prediction of evolution of BMD

• Anti-resorptieve therapy: destruction of osteoclasts lower markers

• Every 3-6 months = faster then DXA (reacts after 1 year)

• Different types of therapy:
• Bisfosfonates (IV, SC, oral)
• Estrogen receptor modulators 
• Denosumab
• others



Predict fracture risk: LIMITED

• Elevated markers indicate:
• Bone loss

• Elevated risk of pathological fractures

• BUT:
• Efficacity and cost-effectiveness not proven on an individual basis

• Screening is absolutely contra-indicated



Use in nephrology: LIMITED

• End stage renal disease = renal osteodystrophy
• Low serum calcium

• Elevated PTH (secundary hyperparathyroidism)

• High bone turnover (and high marker levels)

• TRAP en BSAP are the only markers NOT cleared by the kidney

• Monomer P1NP, osteocalcine and CTx are not good in renal patients

• PTH en BSAP have a good correlation with bone turnover in renal
patients



Use in oncology: LIMITED

• Prostate, lung, breast…  bone metastasis

• Multiple myeloma

• Osteolytic metastasis: elevated resorption markers

• Osteoblastic metastasis: elevated formation markers

• Can be tumor marker if secreted by the primary tumor:
• Osteocalcin in osteoid osteoma

• BSAP in osteosarcoma



Use in rheumatology: LIMITED

• Rheumatic diseaseare inflammatory diseases:
• Elevated resorption markers

• Lowered formation markers

• Might be useful in:
• Rheumatoid arthritis

• Psoriatic arthritis

• Ankylosing spondylitis

• Reactive arthritis



Paget disease: USEFUL

• Extremely high bone turnover

• Malformations of the affected bones

• All bone markers are elevated

• P1NP correlates with the activity of the disease

• P1NP is usuful for monitoring therapy



Conclusion on bone turnover markers

• Bone markers reflect bone homeostasis

• Numerous pre-analytical interferences

• Good for monitoring anti-resorptive therapy

• Good for monitoring compliance

• Might be useful to assess bone loss or fracture risk, but always in 
combination with DEXA

• Useful in monitoring and follow-up of some specific bone diseases



Up to date (october 2020)

The use of BTMs in clinical trials has been helpful in understanding the 
mechanism of action of therapeutic agents. 

However, their role in the care of individual patients is not well 
established. 

Biologic (circadian variation, dietary influence) and laboratory
(standardization, automation) variability in BTM values has confounded 
their widespread use in clinical practice



Guidelines

The use of biochemical markers of bone turnover (BTMs) for managing 
osteoporosis is not a central component of most osteoporosis 
guidelines. 

When BTMs are addressed, guideline committees typically recommend 
against their routine use, due to the limitations of measuring and 
interpreting BTMs in individual patients.

Exception: postmenopausal osteoporosis


