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Our bones need energy…

Lu W et al. Bone Res. 2023 Jul 6;11(1):36. 

Glucose uptake measurements using total-body PET/CT



Energy intake and bone health

Villareal DT et al. J Bone Miner Res. 2016 Jan;31(1):40-51. 



Our bones need energy and a balanced diet

Low CALCIUM 

diet

Low PROTEIN 

diet

- Bone resorption to 

release calcium 

- Impaired bone

mineralisation

- Poor bone matrix 

formation

- Poor muscle health 

and risk of falling

Rizzoli R, Biver E, Brennan-Speranza TC. Lancet Diabetes Endocrinol. 2021 Sep;9(9):606-621. 

→ Calcium, proteins, fibers, other micronutrients…



Let’s talk 

about your 

diet…

I am very 

careful 

Doctor…
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Méta-analyse Population Fracture site

Total proteins Animal proteins Vegetable proteins

Number 

of 

studies

Risk (95% CI)

Number 

of 

studies

Risk (95% CI)

Number 

of 

studies

Risk (95% CI)

Darling, 2009 Adults ≥ 18 yrs Hip 3 RR 0.75 (0.47, 1.21) 3 RR 0.83 (0.54, 1.30) 2 RR 1.21 (0.82, 1.79)

Wu, 2015 Adults ≥ 18 yrs

All 3 RR 0.99 (0.97, 1.02) 2 RR 0.79 (0.32, 1.96)

Hip 6 RR 0.89 (0.82, 0.97)* 4 RR 1.04 (0.70, 1.54)

Wallace, 2017 Adults ≥ 18 yrs Hip 5 RR 0.84 (0.73, 0.95)*

Groenendijk, 

2019
Adults >65 yrs Hip 4 HR: 0.89 (0.84, 0.94)*

Darling, 2019 Adults ≥ 18 yrs All

4 RR 0.94 (0.72, 1.23)

4 RR 0.98 (0.76, 1.27) 3 RR 0.97 (0.89, 1.09)3
HR 0.82 (0.59, 1.14); 

0.79# (0.64, 0.97)*

3 OR 0.69 (0.30, 1.68)

RR relative risk (Cohort studies); HR hazard ratio (Cohort studies) ; OR odd ratio (Case-control studies); 
* Statistically significant; # if removal the study with low calcium intake. Biver E et al . Joint Bone Spine. 2023 May;90(3):105521. 

Fracture risk according to protein intake 
(high vs low) in meta-analyses



Dietary protein intake

• In elderly patients with osteoporosis, protein intakes above 0.8 g/kg/d 

are associated with higher bone mineral density, lower bone loss and 

lower risk of hip fracture, provided that dietary intakes in calcium are 

adequate*.

* Sahni S et al. J Bone Miner Res. 2010 Dec;25(12):2770-6; Dargent-Molina P et al. J Bone Miner Res. 2008 Dec;23(12):1915-22. 



Response to treatment: Change of hip strength (%/yr)

No osteoporosis 

medication

n = 418

Bisphosphonate/ 

denosumab/raloxifene

n = 67

Total -2.2% (-4.3%, -0.4%) -0.5% (-2.2%, 1.1%)

Total calcium 

intake (diet + 

supplements)

≥1200mg/d -2.1% (-4.2%, -0.4%) -0.5% (-1.9%, 1.1%)

<1200mg/d -2.4% (-4.3%, -0.3%) -0.6% (-3.6%, 0.5%)

P-value 0.657 0.526

Calcium 

supplements

Yes -1.7% (-4%, -0.3%) -0.5% (-2.2%, 0.7%)

No -2.6% (-4.3%, -0.4%) -0.5% (-2%, 1.6%)

P-value 0.085 0.969

Protein intake

≥ 0.8g/kg -2.2% (-4.3%, -0.5%) -0.5% (-1.9%, 1.4%)

<0.8g/kg -1.9% (-4.2%, 0.4%) -2.6% (-3.7%, -0.2%)

P-value 0.378 0.040

Data reported as median (interquartile range) 

→ No response to antiresorptive drugs in women with low dietary protein intake

Papageorgiou M et al. WCO IOF oral communication 2025



High-protein oral nutrition supplements (ONS) 

• In patients with osteoporosis, protein intake should be adapted in line 
with nutritional status (dietary advice; increase in dietary intake and/or 
ONSs, such as high-protein drinks).

• The use of ONSs should not be systematic: they should be reserved for 
undernourished patients only, or when it is difficult to change the 
patient’s diet. 

Biver E et al. Joint Bone Spine. 2023 May;90(3):105521. 



Papageorgiou M et al. Am J Clin Nutr. 2020 Oct 1;112(4):1120-1131. 

Dietary acid load and bone loss during ageing

Bone mineral density
Radius

Gholami F et al. Front Nutr. 2022 May 6;9:869132. 

➢ no significant association between dietary 
PRAL score and fracture risk/BMD 



Fracture
Milk Yogurts Cheese

Number of 

studies
Risk (95% CI)

Number of 

studies
Risk (95% CI)

Number of 

studies
Risk (95% CI)

Bian et al 
(2018)

Hip 10 RR 0.91 (0.74, 1.12) 3 RR 0.75 (0.66, 0.86)* 3 RR 0.68 (0.61, 0.77)*

Hip 7 OR 0.71 (0.55, 0.91)* 1 OR 0.77 (0.39, 1.52) 3 OR 0.77 (0.53, 1.11)

Matia-
Martin et 
al (2019)

All 3 HR 1.05 (0.94, 1.18) 2 HR 0.92 (0.87, 0.98) 2 HR 0.89 (0.81, 0.98)

Hip 5 HR 0.91 (0.69, 1.21) 5 HR 0.87 (0.71, 1.05) 4 HR 0.80 (0.62, 1.03)

Vertebra 3 HR 0.81 (0.66, 1.00) 1 HR 1.18 (0.59, 2.39) 1 HR 0.65 (0.33, 1.27)

Malmir et 
al (2020)

Hip 10 RR 0.93 (0.75, 1.15) - -

Hip 9 OR 0.75 (0.57, 0.99)* - -

Hidayat et 
al (2020)

Hip 9 RR 0.86 (0.73, 1.02) 4 RR 0.78 (0.68, 0.90)* 4 RR 0.85 (0.66, 1.08)

Ong et al 
(2020)

Hip - 3 RR 0.76 (0.63, 0.80)* 2 RR 0.89 (0.73, 1.10)

Rizzoli R, Biver E, Brennan-Speranza TC. Lancet Diabetes Endocrinol. 2021 Sep;9(9):606-621. * p<0.05

Fracture risk according to dairy products 

consumption (high vs low) in meta-analyses



Meta-analysis of intervention studies with dairy products in 

postmenopausal women: BMD changes

Shi Y et al. Arch Osteoporos. 2020 Mar 18;15(1):48. 



Iuliano S et al. BMJ. 2021 Oct 20;375:n2364. 

Supplementation with dairy products reduces the incidence of falls and
fractures in institutionalized elderly subjects



→ not with milk or ripened cheese

→ Fermented dairy products consumption is associated with 

attenuated post-menopausal bone loss

- Better calcium balance (Parathyroid hormone)

- Lower bone resorption (beta-crosslaps)

- independently of total energy, calcium, or protein intakes.
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Annual change (%) of radius cortical area 

Biver E et al, Osteoporos Int. 2018 Aug;29(8):1771-1782.

Dairy products and bone loss during ageing



Papageorgiou M & Biver E. Ther Adv Musculoskelet Dis. 2021 Apr 20;13:1759720X211009018.

Biver E, et al. Ageing Res Rev. 2019 Nov;55:100946. c

Why fermented dairy products?



Interaction microbiome - calcium balance

Whisner C, Calcif Tissue Int (2018) 102:443–479



Interactions microbiome-therapeutics in 
osteoporosis



Risk of high cholesterol levels (≥6.5 mmol/L) 

Univariate Adjusted

OR (95%) P-value OR (95%) P-value

Calcium from dairy products 0.76 (0.63, 0.91) 0.003 0.79 (0.64, 0.98) 0.034

Calcium from non-dairy sources 1.16 (0.77, 1.73) 0.482 1.15 (0.75, 1.76) 0.520

Calcium from supplements 0.96 (0.84, 1.09) 0.509 0.92 (0.79, 1.07) 0.280

* Adjusted for age, sex, weight, height, smoking status, alcohol intake, dietary energy intake, physical activity energy expenditure and use 

of medication (statins or other lipid-lowering drugs, antihypertensive drugs, antidiabetic drugs). Results are expressed per 300 mg increase 

in Ca intake (quantity provided by one serving of dairy products).

Papageorgiou M et al. Nutrients. 2022 Mar 21;14(6):1314. 

And my cholesterol, doctor?

→ Risk of high total cholesterol per 300 mg intake of calcium from different sources.

Meta-analysis of 20 cohort studies (Companys J et al. Adv Nutr. 2020 

Jul 1;11(4):834-863): 

Consumption of fermented dairy products:

➢ 4% reduction in cardiovascular events

➢ 27% reduction in risk of type 2 diabetes

➢ 20% reduction in risk of metabolic syndrome



Rozenberg, Calcif Tissue Int 2016

Sources of calcium: Serving Size / Calcium Content / Absorption

85 g240 g



Geiker, N. R. W., et al. Osteoporosis International 31.4 (2020): 601-615.

Plant-based drinks – Dairy 
alternatives fortified with Ca 



➢ Tap water contains between 50 and 100 mg/l calcium.
➢ The absorption of Ca from Ca-rich mineral waters is comparable to that of 

milk and Ca supplements.

Mineral waters, another source of calcium 



Biver E. 06 _ 2018 _ der informierte arzt

Calcium-vitamin D supplements?



Suppléments de vitamine D

Lundeos caps molles 20000 UI

VitaCaps caps molles 24000 UI

Vitamine D3 Sandoz eco caps molles 1000 UI

Vitamin D3 Spirig HC caps molles 800 UI

Vitamine D3 Sandoz eco caps molles 3200 UI

Vitamine D3 Streuli caps molles 20000 UI

Vitamine D3 Sandoz eco caps molles 25000 UI

Vi-De 3 4500 UI/ml sol buv  alcool gouttes 100 UI/goutte

Dibase 10000 UI/ml sol buv huileuse gouttes 200 UI/goutte

Vitamine D3 Wild 20000 UI/ml sol buv huileuse gouttes 500 UI/goutte

Vitamin D3 Spirig HC 2740 UI/ml sol buv huileuse gouttes 67 UI/goutte

Dibase sol buv huileuse monodose 25000 UI

Viferol D3 sol buv huileuse monodose 25000 UI

Viferol D3 sol buv huileuse monodose 100000 UI

Vicrin D3 sol buv monodose 100000 UI

Vitamine D3 Streuli sol inj monodose 300000 UI

Vi-De 3 dose par mois sol buv  alcool monodose 24000 UI

Vitamine D3 Streuli Prophylax sol buv huileuse pipette 4000 UI/ml

Vitamine D3 Streuli pour thérapie sol buv huileuse pipette 4000 UI/ml

LuVit D3 pour la prévention sol buv huileuse pipette 4000 UI/ml

LuVit D3 pour le traitement sol buv huileuse pipette 4000 UI/ml



Calcimagon D3 Forte cp croquer 1000/800

Calcimagon D3 cp croquer 500/800

Calcimagon D3 cp croquer 500/400

Calcium D3 Sandoz pdr 500/440

Calcium D3 Sandoz pdr 1000/880

Calcium D3 Mepha cp eff 1200/800

Calcium D3 Sandoz cp croquer 500/1000

Calcium D3 Sandoz cp croquer 500/440

Calperos D3 cp sucer 500/400

Kacipos D3 cp pell 500/800

Natecal D cp orodisp 600/400

Osteocal D3 cp eff 1200/800

Suppléments de calcium –vitamine D



300000 UI/yr 
→  hip fractures

60000 UI/month vs 
24000 UI/month 
→  falls500000 UI/yr 

→  fractures and falls

High doses of vitamin D should not be used in elderly partients



Fracture risk

Hip All fractures

Vegan diet +131% +44%

Unbalanced Western diet / +10%

Vegetarian diet 0* à +25% 0 à +10%

Omnivore Diet Référence Référence

Mediterranean diet -21% /

/ no data; * No significant  in risk among semi-vegetarians, pesco-vegetarians and lacto-ovo-vegetarians. Adapted from Malmir H et al. Eur J Nutr. 2018;57(6):2147-60; Denova-Gutiérrez E et al. Nutrients. 2018;10(12); Iguacel I et al. Nutr Rev. 

2019;77(1):1-18; Tong TYN et al. BMC Med. 2020;18(1):353; Thorpe DL et al. Am J Clin Nutr. 2021;114(2):488-95. 

Fracture risk according to diet



Beverages and osteoporosis

• Soft drinks
→ Associated with lower BMD and increased risk of fractures starting 
with consumption of 1 to 2 soft drinks per day.

• Coffee
→ Associated with lower BMD and increased risk of fractures with 
consumption of more than 3 to 4 cups per day.

• Tea
→ Associated with higher BMD and decreased risk of fractures

• Alcohol
→ Established risk factor for osteoporosis



I take vitamines 

and supplements 

Doctor …

You should take 

an osteoporosis 

medications 



Vitamines and osteoporosis

• Vitamins (excluding D) are provided by the diet or 
synthesized by food sources (AA, bacteria, etc.).

• Some risk factors for osteoporosis are associated with a 

risk of vitamins deficiency.

• Numerous potential confounding factors exist in studies 

investigating associations between consumption of 
vitamin-rich foods/vitamin levels and BMD/fractures.

• Very few intervention studies, mostly with vitamin K, but 
with numerous biases.

Recommendation [C – low level of evidence] “Except in the case of vitamin D, there is 
not enough scientific evidence to recommend supplementation with other vitamins to 
improve bone health”

Biver E et al. Joint Bone Spine. 2023 May;90(3):105521. 





Dietary recommendations in the 

prevention and treatment of osteoporosis

Recommended: Neutral recommendations 

(insufficient data):

Recommendations to avoid:

• Mediterranean diet

• Dairy products (2 to 3/day) 
especially fermented

• Mineral water rich in calcium if 

calcium intake is insufficient
• Proteins (at least 1-1.2 

g/kg/day)

• Tea

• Coffee
• Vitamins other than D
• Vitamin D-fortified foods as an 

alternative to supplements
• Calcium-fortified plant-based 

drinks as an alternative to  
dairy products

• Oral nutritional supplements

• Pre- and probiotics
• Phytoestrogens

• Unbalanced “Western diet”

• Vegan diets without calcium 
supplementation

• Weight loss diets in the 

absence of overweight
• Alcohol

• Sodas

Biver E et al. Joint Bone Spine. 2023 May;90(3):105521. 



Patient characteristics
• Digestive disorders leading to a restrictive diet 

(lactose intolerance, irritable bowel syndrome…) 1/2

• Loss of weight/appetite, malnutrition… 1/3

• Eating disorders, orthorexia, compulsions… 1/3

• Metabolic disorders (dyslipidemia, 

hyperparathyroidism, metabolic syndrome…) 1/5

• Flexitarian, vegetarian, vegan diets 1/6

• Socioeconomic factors, addictions, cessation of 

physical activity 1/6

• …

Nutritional diagnoses
• Insufficient calcium intake 2/3

• Insufficient protein intake 1/2

• Insufficient energy intake 1/4

• Underweight/ unintentional weight loss 1/5

• …

Consultation with a dietician dedicated to 

nutrition and bone health (Jan 2022 -)

Courtesy of Laurie Karsegard. Unpublished data presented at the 36e Journée 

genevoise de nutrition clinique 28.03.2024, work in progress



Take home messages

➢ Malnutrition impacts bone strength. Energy intake must be sufficient and appropriate to the 

level of physical activity

➢ A balanced diet rich in fruits and vegetables (5 portions/d), providing enough proteins (0.8 

g/kg, up to 1.3 g/kg in malnourished elderly patients) and calcium (800-1000 mg/d) should be 

promoted for the prevention/treatment of bone fragility + physical activity, vitamin D, anti-

osteoporotic drugs if needed. 

➢ Fiber interferes with gut microbiota and modulate calcium absorption.

➢ Promote Mediterranean diet ++. Pay attention to vegan diet.

➢ Calcium and protein supplements should be adapted to dietary intake and comorbidities. No 

vitamins supplement, except vitamin D, is recommended to promote bone health.

➢ Personalized nutritional advice should be better defined to achieve adequate dietary intakes 

in the presence of medical conditions or personal choices that may compromise 

musculoskeletal health(e.g. plant-based diets…)
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