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What is ‘bone health’ for the athlete?

Avoidance of  bone injury
‘It will influence my performance!’

Avoidance of  osteoporosis
‘I’m not bothered about this yet!’
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Some sport/exercise is good for bone

Nikander et al. 2005, JBMR, 20(3), 520-528.



Not all athletes have good skeletons

Tenforde et al. 2018, MSSE 50(12), 2536-2543.



Rizzone et al. 2017, J Athl Train, 52(10), 966-975.

Not all athletes have good skeletons



Key nutrients for bone

Palacios (2006), Critical Reviews in Food Science and Nutrition, 46, 621-628.

KEY NUTRIENTS FOR 
BONE FORMATION

Protein, Calcium, 
Phosphorus, Magnesium, 

Vitamin D

IMPORTANT 
NUTRIENTS TO 

UNDERPIN BONE 
METABOLISM

Vitamin A, Vitamin C, 
Vitamin K, Boron, Silicon, 

Copper,  Iron, Zinc, 
Manganese, Lysine



Dairy is a good nutrient source for bone

Dairy provides more protein per calorie than any other food but also contains many other 
nutrients of  importance to the bone!

Dairy is also an important way to help meet calcium and phosphorus requirements!

https://www.milk.co.uk/nutritious-dairy/



Zimmermann et al. 2015, BoneKEy Reports, 4 , 743.

Bone consists of  a protein matrix encased in a crystalline mineral. So, protein quality is essential to bone.

Bone strength is not solely dependent upon mineralisation!! 

Hierarchical structure of  bone



Acid to ash hypothesis

1. Animal proteins are ‘acidic’
2. Creates a high potential renal acid load (PRAL)
3. Significant challenge to acid-base balance
4. Body corrects this using alkaline minerals -

calcium
5. 99% of  calcium stored in the bone
6. So bone brokendown to release calcium to 

buffer PRAL
7. Excess calcium then excreted through the 

kidney and ‘lost’ in urine
8. Associated with increased rate of  bone loss and 

lower BMD in long-term

Macdonald et al. 2005, AJCN, 81, 923-933. Fenton et al. 2008, AJCN, 88, 1159-1166. 



Even milk isn’t safe



1218 men aged >60 y of  the NHANES 
cohort between 2005 and 2008.

Nutrient intakes from 2 x 24 h dietary recall -
dietary acid load (NEAP and PRAL) and 
dietary and supplemental calcium.

Inverse association between PRAL and proximal femur BMD (but not other sites) in men consuming <800 mg of  calcium per day.

No association in men consuming >800 mg of  calcium per day.

No effects in women.

Mangano et al. 2014, JBMR, 29, 500-506.

High protein or low calcium?



Low calcium has independent effects on bone!



Kerstetter et al. 2005, JCEM, 90(1), 26-31. 

Do increased urinary calcium losses with high animal protein intakes come from bone OR from 
increased calcium availability??

Increased calcium availability with high protein



1. Dietary protein up-regulates the activity of  anabolic 
hormones and growth factors, which can exert an 
osteogenic influence.

2. Dietary protein positively impacts muscle mass and 
functionality, with indirect benefit to bone through the 
increased mechanical loading that this provides.

3. Dietary protein increases the renal acid load, inducing a 
state of  low-grade metabolic acidosis. Ca2+ and other 
alkaline minerals are leached from the bone in order to 
neutralise pH, reducing acid load. Ca2+ is subsequently 
lost through an increased urinary excretion, causing 
bone demineralisation.

4. Dietary protein increases dietary calcium absorption, 
thus increasing serum calcium availability, allowing for 
pH neutralisation, without undue detriment to bone.

Dolan and Sale 2019, Proc Nutr Soc, 78(1), 45-55.

Summary of  protein effects on bone



Calcium questions – recommended amounts

Around 200 mg of  Ca removed from the adult 
skeleton and replaced every day 

To supply this amount = consumption of  at least 
600 mg･d-1 - efficiency of  absorption

To ensure that 95 percent of  the US population 
gets this, the National Academy of  Sciences 
established the following recommended intake 
levels:
- 1,000 mg･d-1 for those age 19 to 50 y olds
- 1,200 mg･d-1 for those age 50 y or over
- 1,000 mg･d-1 for pregnant/lactating adults

UK recommendations are a bit lower: 
- 800-1000 mg･d-1 in 11-18 y olds
- 700 mg･d-1 in +19 y olds



Calcium questions – basic bone effects

Calcium is required for the bone formation phase of  bone 
remodelling - 99% of  calcium found in bone.

Key structural role as a component of  hydroxyapatite - main 
mineral component of  the bone. 

Dietary calcium (1,000 mg･d-1) reduces the bone 
remodelling rate by 10 to 20% in older men and women 
(Elders et al., 1994).

Reduced remodelling rate might account for increased BMD 
in the year following Ca supplementation (Dawson-Hughes, 
2013).

What about athletes and athletic individuals!?



Ca and PO4 control PTH with exercise

Changes in Ca and PO4 occur in close
temporal relation to changes in PTH.

Cross-correlational analysis suggests PTH
secretion during exercise and recovery is
controlled by a combination of changes in Ca
and PO4.

Townsend et al. 2016, JCEM, 101, 3231-3239.



Calcium loss and supplementation with exercise



60 min of  cycling at ~75% of  peak 
aerobic power in cool (18°C) and 
warm (26°C) conditions. 

Sweat and blood obtained during 
exercise 

Sweat volume and estimated sweat Ca 
loss were 50% higher for the warm 
condition than the cool condition. 

Despite this, no differences between 
thermal conditions in the changes in 
iCa, PTH or CTX

Kohrt et al. 2019, MSSE, 51(10), 2117-2124

Dermal calcium loss possibly not so important?



Becky Townsend - PhD Thesis

Calcium losses in elite triathlon



Calcium loss and maintenance with exercise
Wherry et al. 2021, Bone, 153, 116108



Calcium supplementation pre-exercise - cycling

Haakonssen et al. 2015, PLoS One, 10(5), e0123302



Calcium supplementation pre-exercise - rowing

Lundy et al. (in press), MSSE, doi: 10.1249/MSS.0000000000003022



Calcium and Vit D synergistic effects!



In general, probably enough to get to 50 nmol/L 
(20 ng/mL) or above for protection of  bone.  

If  needing to supplement, oral dose daily and avoid 
mega doses!

Vitamin D is important



Ca and Vit D in athletes



Low vitamin D = increased SFx risk

Serum 25(OH)D measured in 53 of the 124
SFx patients

44 (83%) of these patients had insufficient or
deficient levels of circulating vitamin D

Authors suggested that higher vitamin D
levels might be protective - although this is
something of an assumption

Miller et al. (2016), The Journal of  Foot & Ankle Surgery, 55, 117-120



5201 female Navy recruits randomised to 2000 mg calcium 
and 800 IU vitamin D/d or placebo. SFx confirmed with 

radiography or technetium scan.

Per protocol analysis, including only the 3700 recruits 
who completed the study, showed a 21% lower 

incidence of  SFx in the supplemented versus the 
control group.

Decreased SFx with vitamin D + calcium

Lappe et al. 2008, JBMR, 23, 741-749.



Dairy and stress fracture risk

Nieves et al. 2010, PM R, 2, 740-750.

In young female runners, low-fat dairy products and the major nutrients in milk 
(calcium, vitamin D, and protein) were associated with greater bone gains and a 

lower stress fracture rate.



Summary of  calcium effects on bone????

1. Only been v. limited investigation of  the effects of  dairy on bone IN ATHLETES.
2. So, we have to extrapolate to key nutrient effects…
3. Calcium intakes should be adequate but probably a little more than 700 mg･d-1 (around 1000-1500 mg･d-

1) for an elite endurance athlete?
4. Likely important if  the athlete is consuming a high animal protein diet.
5. Perhaps 1500 mg･d-1 to reduce SFX risk
6. Perhaps a need to consider dermal calcium losses during hard training phases, but the importance of  this 

for bone is still not well established.
7. Pre-exercise supplementation with calcium (possibly around 1000 mg･d-1) might be useful to offset 

calcium losses with exercise and the associated rise in PTH release and bone resorption. What about 
phosphorus levels?

8. That said, probably not a good idea to do this constantly, since targeted bone remodelling is important for 
the repair of  damaged bone and consistently down regulating bone resorption might cause the 
accumulation of  older/weaker bone – this remains an important area for future research.

9. It is important to consider combined impact of  vitamin D and calcium – there are some positive 
indications for stress fracture risk here.
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An agent of  change through sport!



No effects of  dairy on bone markers

Klentrou et al. 2021, Children, 8, 961.



Nobody is forgetting green leafy veg etc!



Diet and stress fracture risk

Moran et al. 2012, JISSN, 9, 6


