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 � Osteoporosis is a prevalent and debilitating condition with 
no signs of subsiding. Rising numbers of people consuming 
nutrient-poor diets coupled with ageing populations and 
sedentary lifestyles appear to be the main drivers behind this.

 � While the nutrients calcium and vitamin D have received 
most attention, there is growing evidence that wholefoods 
and other micronutrients have roles to play in primary and 
potentially secondary osteoporosis prevention.

 � Until recently, calcium and vitamin D were regarded as 
the main nutrients essential to bone health but now there 
are emerging roles for iron, copper and selenium, among 
others.

 � Fruit and vegetables are still not being eaten in adequate 
amounts and yet contain micronutrients and phytochemi-
cals useful for bone remodelling (bone formation and 
resorption) and are essential for reducing inflammation 
and oxidative stress.

 � There is emerging evidence that dried fruits, such as 
prunes, provide significant amounts of vitamin K, manga-
nese, boron, copper and potassium which could help to 
support bone health.

 � Just 50 g of prunes daily have been found to reduce bone 
resorption after six months when eaten by osteopaenic, 
postmenopausal women.

 � Dairy foods have an important role in bone health. Car-
bonated drinks should not replace milk in the diet.

 � A balanced diet containing food groups and nutrients 
needed for bone health across the whole lifecycle may 
help to prevent osteoporosis.

 � Greater efforts are needed to employ preventative strate-
gies which involve dietary and physical activity modifica-
tions, if the current situation is to improve.
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Introduction
Osteoporosis is a silent but progressive disease affecting 
the density and quality of bone while greatly increasing 
fracture risk.1 Globally, around one in three women and 
one in five men are at risk of an osteoporotic fracture, with 
the most common fractures being at the hip, spine or 
wrist.1 The pathogenesis of osteoporosis is multi-faceted, 
consisting of intricate interplay between physiological 
processes, including hormonal status, along with genetic 
and environmental factors.2 That said, the condition is 
regarded as being partly preventable by means of suitable 
nutrition and adequate mechanical influences (physical 
activity).3

Worldwide, it has been estimated that around two bil-
lion people have diets inadequate in micronutrients. This, 
coupled with increasing life expectancies, means that the 
later years of life are being hampered by partly preventa-
ble health issues, including osteoporosis.4,5 From an eco-
nomic point of view, rates of disability due to osteoporosis 
in Europe are greater than that caused by cancers (exclud-
ing lung cancer).6 For orthopaedic surgeons, the treat-
ment of fractures has been the traditional way forward.7 
However, the emergence of screening techniques such as 
bone densitometry coupled with the growing evidence 
base in nutritional studies now means that preventative 
measures can be effective and should be given greater 
prominence within the profession.7

It should be considered that peak bone mass, the point 
where optimal bone mass and strength is achieved, 
occurs at the end of the growth period (typically between 
16 and 25 years).8 Equally, the menopausal transition 
leads to increased bone resorption and disruption of 
bone micro-architecture5 with loss of oestrogen, a major 
regulator of bone metabolism, contributing to this.9 Con-
sequently, these appear to be opportune periods to tailor 
modifiable factors affecting bone density and quality, 
including nutritional prevention.

Previously, there has been a general tendency to focus 
on individual nutrients, or supplements, rather than a 
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‘whole diet’ approach. It is now well accepted that a 
healthy diet can help to prevent non-communicable dis-
eases, such as osteoporosis, with functional components 
of food having a key role to play in this.10 For example, 
phytonutrients (plant nutrients) are thought to exhibit 
specific biological activities that help to support human 
health, including bone health.11

The present paper aims to develop knowledge about 
the role of nutrition in osteoporosis prevention; first, by 
reviewing randomised controlled trials (RCTs) related to 
key food groups, and second, by evaluating authorised 
health claims related to bone health.

Methods
First, a PubMed search for English-language, peer-reviewed, 
human RCTs was undertaken. Studies published between 
January 2000 and September 2016 investigating the impact 
of wholefoods on bone health were considered (Table 1).

To assess the evidence related to wholefoods, the 
search terms included “fruit”, “vegetables”, “dairy/milk”, 
“eggs/fish/meat”, “legumes/beans/pulses”, “dried fruit”, 
“beverages” and “sodium” combined with “bone health” 
and “osteoporosis”. Reference lists of reports and suitable 
papers were also searched to ensure that relevant studies 
were located. Papers were included if they investigated 
associations between the named food groups and suita-
ble markers of bone health.

Secondly, as supplement use can also affect bone 
health, a PubMed search was conducted to identify ‘meta-
analytical’ papers collating the science in this area (Table 2).

Thirdly, a review of authorised European Food Stand-
ards Agency nutrient function health claims related to 
‘bone health’ was undertaken (Table 3).

Results
Fruit and vegetables

Sufficient intakes of potassium-rich foods, such as fruits 
and vegetables are thought to improve indices of bone 
health. Possible mechanisms include potential roles in 
acid-base balance or via the dietary components within 
these.12 The acid-base hypothesis proposes that foods 
which increase urinary acid excretion are deleterious for 
the skeleton while foods generating neutral or alkaline 
balance may favour bone growth and prevent bone loss.13 
vegetables, in particular, providing magnesium and 
potassium may increase the dietary alkaline load.14 Four 
RCTs were identified studying inter-relationships between 
fruit and/or vegetable intakes and bone health.

In one RCT, 50 healthy postmenopausal women aged 
50 to 70 years randomised to eat more than nine servings 
of specific vegetables/herbs/fruit with bone resorption-
inhibiting properties (Scarborough Fair Diet) had positive 

changes in markers of bone health after three months. In 
particular, positive changes in calcium conservation were 
seen compared with baseline along with significant reduc-
tions in the bone turnover marker P1NP and the bone 
resorptive marker CTX in women with osteopaenia com-
pared with those with normal bone mineral density (BMD) 
within the group of treated women, without intergroup 
differences. The diet included eating prunes, citrus fruit, 
green leafy vegetables and a culinary serving of herbs.15

A much larger study (n = 48 835) conducted on post-
menopausal women aged 50 to 79 years found that over 
a period of 8.1 years a low-fat, five or more servings of 
fruit and vegetables and grain-based dietary intervention 
reduced the risk of multiple falls and marginally lowered 
hip BMD but did not alter fracture risk. However, it should 
be noted that dietary modifications made in this trial were 
originally designed to focus on breast cancer and cardio-
vascular disease risk, rather than osteoporotic fractures.16

Another randomised placebo-controlled trial of 276 
postmenopausal women (aged 55 to 65 years) found 
that an additional 300 g of fruit and vegetables per day 
(18.5  mEq alkali) did not influence bone turnover or 
prevent BMD loss over a two-year period.17 In older 
populations, a 16-week study showed that five or more 
portions of fruit and vegetables per day did not alter 
markers of bone health in healthy, free-living older 
adults (aged 65 to 85 years),18 indicating that higher 
intakes may be needed or that benefits may be less likely 
at this stage in life.

Overall, these findings indicate that the health benefits 
of fruit and vegetables may be confined to people who eat 
little or no fruit and vegetables.17 Further work is now 
needed to investigate the roles of individual fruits and 
vegetables and ‘how much’ of each of these is needed for 
optimal bone health.17 It is also possible that higher 
intakes, as seen in the Scarborough Fair Diet, i.e., nine or 
more fruit and vegetable servings daily may be warranted 
to see improvements in markers of bone turnover.15 Fruit 
and vegetable intakes appear to have a life-long rather 
than a short-term effect on bone health, becoming par-
ticularly important at life stages where bone loss is accel-
erated, e.g., in middle-aged women.19

Dairy foods

Protein, calcium, inorganic phosphate and vitamin D all 
have a role to play in bone and skeletal muscle integrity, 
with dairy and fortified dairy foods being important 
sources of these nutrients.20 Evidence from RCTs studying 
the effects of dairy consumption in relation to bone health 
were reviewed.

Metabolic research randomised 16 women (aged 20 to 
30 years) to different wholefoods providing about the 
same amount of phosphorous. Results showed that cheese 
consumption significantly reduced serum  parathyroid 
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Table 1. Randomised controlled trials (RCTs) evaluating the effects of wholefoods on bone health

Paper Participants Study details Findings

Fruit and vegetables
Gunn et al 
(2015)15

n = 50 Postmenopausal 
F eating ⩾ 9 servings of 
different vegetables/herbs/
fruit

3 months. Group A ate a range of vegetables/herbs/
fruit. Group B ate specific vegetables/herbs/fruit with 
bone resorption-inhibiting properties (Scarborough 
Fair Diet). Group C ate their usual diet.

Group B demonstrated positive changes in bone 
turnover markers (lowered CTX, P1NP and urinary 
calcium).

Neville et al 
(2014)18

n = 82 (65 to 85 years) 16 weeks. Those eating less ⩽ 2 portions of Fv per day 
were randomised to continue normal diet or eat ⩾ 5 
portions of Fv per day.

No significant differences were seen in bone markers 
between the 2 and 5 portions/day groups.

McTiernan et al 
(2009)16

n = 48 835 
postmenopausal F (50 to 
79 years)

8.1 years. Assigned to: (1) Dietary Modification 
intervention; (2) ⩾ 5 servings of vegetables and fruit; 
(3) ⩾ 6 servings of grains; or (4) no dietary changes.

A low-fat and high fruit, vegetable and grain diet 
reduced the risk of multiple falls and slightly lowered 
hip BMD.

McDonald et al 
(2008)17

n = 276 postmenopausal F 
(55 to 65 years)

24 months. Assigned to: (1) high-dose potassium 
citrate; (2) low-dose potassium citrate; (3) 300 g extra 
Fv/day; or (4) placebo.

Two-year potassium citrate supplementation did not 
reduce bone turnover or increase BMD.

Dairy foods
Josse et al 
(2012)22

n = 90 premenopausal 
overweight/obese F

16 weeks. Assigned to: (1) HPHD; (2) APMD; or (3) 
APlD.

Hypo-energetic diets higher in dairy foods, protein and 
dietary calcium, with daily exercise. Improved bone 
health biomarkers, e.g., lowered PTH and increased 
25(OH)D.

Merrill and 
Aldana (2009)25

M and F healthy adults 6 months. Plant-based dietary intervention (dairy 
discouraged).

At six months, urinary type I NTX levels significantly 
increased in the plant-based diet group compared 
with the control, indicating bone resorption. 
Significant decrease in dairy servings/day.

Karp et al 
(2007)21

n = 16 healthy F (20 to 30 
years)

24 h. Randomised to obtain phosphorous from meat, 
cheese, wholegrains or a phosphate supplement.

Cheese led to reduced PTH (p = 0.0001) and bone 
resorption (p = 0.008).

Woo et al 
(2007)24

n = 441 F living in Hong 
Kong, Beijing and China 
(20 to 35 years)

1 year. Allocated to drink two sachets of milk powder 
(1000 mg calcium, 80 µg vitamin K(1)) or nothing 
extra.

No significant differences observed between groups.

Bowen et al 
(2004)23

n = 50 overweight adults 16 weeks. Randomly assigned to iso-energetic diets 
high in either dairy protein (2400 mg Ca/day) or mixed 
protein sources (500 mg Ca/day).

The DP diet had a modest advantage over the MP diet 
by minimising turnover.

Eggs, fish and meat
Cao et al 
(2011)30

n = 16 postmenopausal F 15 weeks. Ate either a lPlP diet or HPHP diet for 7 
weeks each separated by a 1-week break.

Compared with the lPlP diet, the HPHP diet 
significantly increased serum IGF-I concentrations and 
significantly reduced serum intact PT concentrations.

Roughead et al 
(2005)31

n = 13 postmenopausal F 14 weeks. Ate 25 g high-isoflavone soy protein (SOY) 
or an equivalent amount of meat protein (control diet) 
for 7 weeks each.

Substitution of 25 g high isoflavone soy protein for 
meat, in the presence of typical calcium intakes, did 
not improve or impair calcium retention.

legumes, beans and pulses
Zhao et al 
(2016)33

n = 90 middle-aged 
and senile osteoporosis 
patients

6 months. Frequencies of bean consumption were significantly 
higher in the intervention vs control group (p < 0.05). 
BMDs of lumbar spine and femoral neck were also 
significantly higher (p < 0.05).

Dried fruit
Hooshmand 
et al (2016)36

n = 48 osteopenic F (65 to 
79 years)

6 months. Assigned to: (1) 50 g of prunes; (2) 100 g of 
prunes; or (3) control.

Both doses of prunes prevented loss of total body 
BMD compared with the control (p < 0.05).

Hooshmand 
et al (2014)37

n = 160 postmenopausal F 1 year. Randomly assigned to receive 100 g prunes/
day or 75 g dried apple/day. All participants received 
500 mg Ca plus 400 IU (10 µg) vitamin D daily.

Prunes significantly increase the BMD of the ulna and 
spine in comparison with the control group.

Hooshmand 
et al (2011)38

n = 160 postmenopausal F 1 year. Randomly assigned to receive 100 g prunes/
day or 75 g dried apple/day. All participants received 
500 mg Ca plus 400 IU (10 µg) vitamin D daily.

Prunes significantly increased BMD of ulna and spine 
in comparison with dried apple.

Arjmandi et al 
(2002)39

n = 58 postmenopausal F 
not on HRT

3 months. Assigned to eat 100 g prunes or 75 g dried 
apples. Both regimens provided similar amounts of 
calories, fat, carbohydrate and fibre.

Only prunes significantly increased serum levels IGF-I 
and BSAP, both associated with greater rates of bone 
formation.

Beverages
Mahabir et al 
(2014)40

n = 51 postmenopausal F 8 weeks. Studied effects of: no alcohol, low (1 drink 
or 15 g/d) and moderate (2 drinks or 30 g/d) alcohol 
consumption on markers of bone health.

Compared with no alcohol, 1 or 2 drinks/day for 8 
weeks had no significant impact on any of the bone 
markers.

Kristensen et al 
(2005)41

n = 11 healthy M (22 to 
29 years)

10 days. Given a low-calcium diet with: (1) 2.5 l of 
Coca Cola per day; or (2) 2.5 l of semi-skimmed milk.

An increase in serum phosphate (p < 0.001), 
1,25(OH)2D (p < 0.001), PTH (p = 0.046) and 
osteocalcin (p < 0.001) was observed in the cola 
compared with the milk group.

Sodium
Ilich et al 
(2010)43

n = 136 healthy, 
postmenopausal, 
Caucasian F

3 years. After baseline, half reduced sodium intake 
to 1500 mg/day. The other half remained on around 
3000 mg/day.

Results showed that participants with higher sodium 
intake had higher BMD in the forearm and spine at 
baseline and all subsequent time-points (p < 0.01).

Teucher et al 
(2008)44

n = 11 postmenopausal F 20 weeks. Took part in four 5-week periods of 
interventions (518 vs 1284 mg calcium and 3.9 vs 11.2 
g salt).

Moderately high salt intake (11.2 g/day) elicited 
a significant increase in urinary calcium excretion 
(p = 0.0008) and significantly affected bone calcium 
balance with the high calcium diet (p = 0.024).

25(OH)D, Calcifediol; 1, 25(OH)2D, Calcitriol; APlD, adequate protein low dairy; APMD, adequate protein medium dairy; BMD, bone mineral density; BSAP, bone-
specific alkaline phosphatase; CTX, cross-linked C-telopeptides; DP, dairy protein; F, female; Fv, fruit and vegetables; HPHD, high protein high dairy; HPHP; high 
protein and high PRAl; HRT, hormone replacement therapy; IGF-1, insulin-like growth factor-I ; lPlP, low protein and low PRAl; M, male; MP, mixed protein; NTX, 
urinary cross-linked N-telopeptides; OPG, osteoprotegerin; P1NP; Procollagen type 1 N propeptide; PRAl, potential renal acid load; PTH, parathyroid hormone; 
RANKl, receptor activator of NF-kappaB ligand
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hormone and levels of bone resorption when compared 
with other foods, or a phosphate supplement.21

Two studies looked at inter-relationships between dairy 
consumption and bone health during periods of weight 
loss. In a RCT of 90 overweight and obese women, a daily 
diet higher in protein (30% energy), dairy foods (15% 
energy from protein foods) and dietary calcium (1600 mg) 
significantly improved markers of bone health, osteocalcin 
and P1NP, when coupled with exercise over 16 weeks.22 
Equally, other work has found that dairy rather than mixed 
protein prevented bone resorption in overweight adults 
also taking part in a weight reduction programme.23

In China, dairy intakes are habitually low. One study 
providing sachets of milk powder for two years found that 
this did not alter BMD or bone biomarkers when compared 
with controls, possibly due to lack of compliance.24 Inter-
estingly, findings from a plant-based dietary intervention 
found that dairy, calcium and vitamin D intakes were sig-
nificantly reduced after six weeks. Furthermore, urinary 
type I collagen N-telopeptide levels were significantly 
higher, implying increased levels of bone resorption.25

Taken together, these findings indicate that dairy foods 
could promote bone health. That said, it should be con-
sidered that dairy products vary widely in their nutritional 
content, with milk and yoghurt appearing to be most ben-
eficial.26 Equally, the nutrient quality and bio-availability of 
non-dairy milks such as almond, oat, rice and soy varies, 
so these should not be regarded as a substitute until this is 
better established.27 On a final note, it seems that young 
women aged < 30 years are most likely to benefit from 
eating dairy foods, or those with low habitual intakes, 
although RCTs on men and ethnic minority groups are 
needed.26

Eggs, fish and meat

Dietary protein from mixed sources provides key nutrients 
for bone health, thereby playing a role in osteoporosis 
prevention.28 For meat, dietary advice implying that this is 

detrimental to bone health (due to its acidic phosphate 
content) is regarded as unfounded and not fully sup-
ported by scientific evidence.29 This theory has been tested 
by Cao et al.30 In a randomised crossover study conducted 
on 16 postmenopausal women, a high protein and high-
potential renal acid load diet did not affect markers of 
bone metabolism, indicating no adverse effects on bone 
health.

Other work has looked at whether controlled substitu-
tion of soy for meat protein influences bone biomarkers. 
After seven weeks of eating 25 g soy or meat protein daily 
no differences were observed in terms of levels of calcium 
retention or indicators of bone health.31 While studies 
looking specifically at the effects of eggs and fish are lack-
ing, links between meat and poor bone health are uncon-
vincing. It is thought that more attention should be given 
to increasing fruit and vegetable intakes, rather than 
reducing protein intake.32

Legumes, beans and pulses

Only one study has investigated the effect of beans and 
this was among other dietary changes.33 Middle-aged and 
senile patients with osteoporosis (n = 90) were ran-
domised to a dietary education/intervention or control 
group. After the intervention, among other dietary 
improvements the frequency in which beans were eaten 
increased. Furthermore, the BMD of the lumbar spine and 
femoral neck were significantly improved.33 While diet 
therapy may improve bone health in osteoporosis patients, 
more research is needed looking at the focused effects of 
this food group.

Dried fruit

In addition to key nutrients, fruits provide an array of bio-
active compounds and anti-oxidants that may have nota-
ble roles in bone health.34 Emerging evidence suggests 
that fruits such as dried plums, known commonly as 
prunes (Prunus domestica and Prunus salicina), contain 

Table 2. Meta-analysis papers focusing on supplement use in relation to bone health

Paper Supplement of focus Findings

Darling et al (2009)47 Protein Protein supplementation had a small, positive effect on lumbar spine BMD.
Avenell et al (2014)45 vitamin D vitamin D alone is unlikely to prevent fractures in the doses and formulations tested so far in older 

people. Supplements of vitamin D and calcium may be required to prevent hip or any type of 
fracture.

Reid et al (2014)65 vitamin D A small benefit at the femoral neck was seen but no effects at other sites.
Chung et al (2011)62 vitamin D Combined vitamin D and calcium supplementation can reduce fracture risk, but effects are smaller 

among community-dwelling older adults than for institutionalised elderly participants.
Bischoff-Ferrari et al (2005)46 vitamin D Oral vitamin D supplementation between 700 to 800 IU/day may reduce the risk of hip and non-

vertebral fractures in ambulatory/institutionalised elderly persons.
Tai et al (2015)48 Calcium Increasing calcium intake from dietary sources or supplements produces small non-progressive 

increases in BMD.
Fang et al (2012)49 vitamin K vitamin K supplementation was shown to increase BMD at the lumbar spine but not the femoral 

neck.
Fenton et al (2009)29 Phosphate No evidence was found linking phosphate intake to demineralisation of bone or to calcium excretion 

in the urine.

BMD, bone mineral density
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significant amounts of vitamin K1, boron, copper and 
potassium, sorbitol, quinic acid and chlorogenic acids, 
which may have positive effects on bone health.35-38

Four RCTs were reviewed,36-39 as shown in Table 1. 
Their overall effects were in a positive direction. A RCT of 
58 postmenopausal women found that prunes (100 g/day) 
significantly increased serum levels of insulin-like growth 
factor-I and bone-specific alkaline phosphatase activity, 
associated with higher rates of bone formation compared 
with 75 g dried apples over three months.39

A large study of 160 postmenopausal women found 
that prunes (100 g/day) significantly improved BMD of 
the ulna and spine compared with dried apple control 
group, suppressing bone turnover.38 Further analysis of 
this work showed that the positive effects of prunes on 
bone were conceivably linked to the suppression of NF-
kappaB ligand (RANKl), while promoting osteoprotegerin 
and inhibiting sclerostin.37

Among 48 osteopenic women (aged 65 to 79 years 
old), eating 50 g of prunes over a six-month period was as 
effective as eating 100 g, preventing total BMD loss. TRAP-5b, 
a marker of bone resorption, also reduced at three months 
and was sustained at six months in both groups.36

These findings indicate that dried fruits, especially 
prunes, may have an important role to play in preserving 
bone health, particularly that of postmenopausal women. 
It also appears that only 50 g per day is sufficient to pre-
vent BMD loss.36

Beverages

Focusing on published RCTs, two key studies were identi-
fied.40,41 With regards to alcohol consumption, a trial of 51 

postmenopausal women were randomised to no, low or 
moderate alcohol intake over eight weeks. Compared 
with no alcohol, one or two drinks/day had no significant 
impacts on any bone markers.40

A small-scale study on 11 healthy men (aged 22 to 29 
years) found that high intake of cola (2.5 l per day) 
increased bone turnover when coupled with a low- 
calcium diet over a ten-day period. Subsequently, authors 
concluded that cola and other soft drinks should not 
replace milk in the diet, as this appears to contribute to 
low calcium intake, having adverse effects on bone 
health.41 Nevertheless, more RCTs are needed to study the 
impact of different beverages on bone health.

Sodium

Dietary sodium is thought to influence urinary calcium 
excretion, with high intakes linked to increased excretion 
and elevated bone resorption markers associated with 
bone loss although the presence of other nutrients such as 
calcium or potassium may also affect this.42 Two RCTs 
explored the effects of sodium on bone health.43,44

In one study of postmenopausal women, higher 
sodium intakes (3000 mg/day; equivalent to about 7.6 g 
salt) were associated with higher BMD in the forearm and 
spine.43 However, another crossover trial of postmeno-
pausal women following a low and high salt diet (3.9 g/
day versus 11.2 g/day) found that high salt intakes elicited 
significant increases in urinary calcium excretion, adversely 
impacting on bone calcium levels.44 Differences in 
sodium/salt intakes may have contributed to differences 
in findings. Ongoing research is needed to clarify inter-
relationships between the two.

Table 3. European Commission bone health claims, authorised following scientific review by the European Food Safety Authority50

Nutrient Authorised health claim

Protein Protein is needed for normal growth and development of bone in children
Protein Protein contributes to the maintenance of normal bones
Calcium Calcium is needed for the maintenance of normal bones
Calcium Calcium is needed for normal growth and development of bone in children
Calcium Calcium helps to reduce the loss of bone mineral in postmenopausal women. low BMD is a risk factor for osteoporotic bone fractures
Calcium and vitamin D Calcium and vitamin D are needed for normal growth and development of bone in children
Calcium and vitamin D Calcium and vitamin D help to reduce the loss of bone mineral in postmenopausal women. low BMD is a risk factor for osteoporotic 

bone fractures
Magnesium Magnesium contributes to the maintenance of normal bones
Manganese Manganese contributes to the maintenance of normal bones
Phosphorous Phosphorus is needed for the normal growth and development of bone in children
Phosphorous Phosphorus contributes to the maintenance of normal bones
vitamin D vitamin D is needed for normal growth and development of bone in children
vitamin D vitamin D contributes to normal absorption/utilisation of calcium and phosphorus
vitamin D vitamin D contributes to normal blood calcium levels
vitamin D vitamin D contributes to the maintenance of normal bones
vitamin D vitamin D helps to reduce the risk of falling associated with postural instability and muscle weakness. Falling is a risk factor for bone 

fractures among men and women aged 60 years and older
vitamin K vitamin K contributes to the maintenance of normal bones
Zinc Zinc contributes to the maintenance of normal bones

BMD, bone mineral density
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Supplements

Most meta-analytical work has focused on the use of vita-
min D supplements in relation to bone health (Table 2). 
The general consensus appears to be that vitamin D alone 
is unlikely to prevent fractures in the doses and formula-
tions tested so far in older people. It appears that supple-
ments containing vitamin D and calcium may be required 
to prevent hip or any type of fracture, though continued 
research is needed.45 Other meta-analytical work shows 
that the efficacy of vitamin D supplements appears to 
depend on the population under investigation and dose 
used. For example, higher doses (17.5/20 µg; 700/800 IU 
daily) may be required to reduce hip and non-vertebral 
fracture risk among ambulatory elderly individuals.46

There appears to be some emerging benefits for pro-
tein,47 calcium48 and vitamin K49 in relation to small BMD 
improvements, though better quality RCTs are needed 
along with research to see if these reduce fracture risks in 
the longer term. Evidence looking at phosphate supple-
mentation and markers of bone homeostasis was incon-
sistent,29 though lack of findings indicates that advice to 
avoid acidic foods with a high phosphate content need to 
be re-evaluated.

Key nutrients for bone health

As shown in Table 3, the European Commission have 
authorised a number of nutrient function health claims in 
relation to bone health, following scientific review by the 
European Food Safety Authority (EFSA). These focus pre-
dominantly on protein, calcium and vitamin D, with 
claims also for magnesium, manganese, phosphorous, 
vitamin K and zinc.50

European Union (EU) authorised claims require submis-
sion of high quality, human RCT research consensus to 
support a claim and this is reflected in the claims permit-
ted. However, other nutrients, including vitamins B, C and 
K, selenium, copper, iron, boron and silicon, may also 
have roles to play in relation to bone health.51,52 For exam-
ple, selenium deficiency can affect bone and cartilage and 
copper deficiency may lead to reductions in lysyl oxidase, 
an enzyme that supports collagen fibril crosslinking, while 
mechanisms related to iron deficiency are yet to be identi-
fied.51 Emerging evidence from the Aberdeen Prospective 
Osteoporosis Study has found that silicon interacts with 
oestrogen and could be important in maintaining the 
bone health of middle-aged women.53

The trace mineral boron is also needed for bone growth 
and maintenance, with advice that 3 mg/day via supple-
mentation could benefit individuals whose diets are lack-
ing in fruit and vegetables, or who are at risk of osteopaenia 
or osteoporosis.54 However, as noted earlier in this review, 
it may be more effective to encourage individuals to con-
sume sufficient fruit and vegetables, so they can benefit 

from the wider array of nutrients and bioactive com-
pounds supplied.15,55

A review of the EU Register of health claims indicates 
that, to date, boron and silicon are among a larger num-
ber of nutrients considered by the EFSA in relation to bone 
health. The EFSA has concluded that there is currently 
insufficient research to demonstrate a cause and effect 
relationship for these nutrients and bone health, so more 
research is needed.

Discussion
A balanced diet containing all the food groups in the cor-
rect proportions is a good insurance against bone health 
problems, as well as other chronic diseases, such as car-
diovascular disease, obesity and cancers. This not only 
provides protein, vitamins, minerals and trace elements 
needed for healthy bones, but also phytonutrients and 
other bioactive components which have been increasingly 
linked to improved skeletal integrity.10,11 While dairy foods 
are commonly linked to bone health, fruit and vegetables, 
including dried fruits, also appear to be important modifi-
able protective factors.56,57

Findings from the latest United Kingdom National Diet 
and Nutritional Survey (between 2015 and 2016) have 
highlighted that only 8% of children aged 11 to 18 years 
and 27% of adults aged 19 to 65 years met the Five-A-Day 
recommendation for fruit and vegetable consumption.58 
This is concerning given that fruit and vegetables are 
potassium-rich and bicarbonate-rich foods, which have 
been positively linked to indices of bone health.12 It has 
also been identified that a substantial proportion of adults 
aged ⩾ 19 years (especially women) have intakes of iron, 
magnesium, potassium and selenium below the lower 
Reference Intake.58 Dietary shortfalls in trace elements, in 
particular, are thought to have a mechanistic impact on 
skeletal tissues, possibly impacting on skeletal health.51

Dried fruits are a food group that has a general ten-
dency to be overlooked. For prunes, these provide sig-
nificant amounts of vitamin K, boron, manganese, 
magnesium, copper and potassium35 along with high 
amounts of anthocyanins, with anti-oxidant properties.57 
As highlighted in the present review, findings from four 
studies consistently reported benefits in relation to mark-
ers of bone health.36-39 Other traditional dried fruits (apri-
cots, dates and raisins) are high in potassium and a source 
of manganese, but only prunes are also rich in vitamin K.35 
Traditional dried fruits are a convenient snack food that 
could be encouraged as a healthier alternative to many 
popular, high fat/sugar/salt snacks, with the added bene-
fit of contributing positively to bone health.

In the case of vitamin D, deficiency is widespread, with 
food fortification and supplementation programmes 
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regarded as ways to help prevent osteomalacia and rickets 
globally.59 While food sources such as oily fish, eggs and 
meat can provide vitamin D, there is a general tendency for 
these to be under-consumed.60 Skin synthesis via sunlight 
is also an important source of vitamin D, particularly during 
the summer months (April to September in the United 
Kingdom). Outside these months, food and supplement 
sources become increasingly important and dietary recom-
mendations assume minimal sun exposure all year.61 Fur-
ther meta-analytical evidence also indicates that vitamin D 
supplementation could benefit the bone health of older, 
institutionalised populations.45,46,62 That said, in the gen-
eral population, supplements should not replace a good 
diet containing a wealth of important functional compo-
nents10 that work beyond bone health. Aside from drug 
therapies, it is also thought that improving nutrient intake 
across the whole lifetime may help to prevent disability, 
protect health and improve economic productivity.4

On a final note, while a healthy and balanced diet is 
important throughout the lifespan, skeletal integrity 
becomes more vulnerable at certain life stages. For exam-
ple, when bone loss is accelerated in middle-aged women, 
increasing fruit and vegetable and silicon intakes were 
found to affect this positively.15,53 Our review indicates 
that a ‘wholefoods’ approach is required to prevent oste-
oporosis. While it is recognised that other factors includ-
ing genetics, low body weight, smoking, race and 
medication use can all affect osteoporosis risk,63 eating a 
healthy, varied and balanced diet throughout the lifespan 
and especially during sensitive windows of bone turnover 
may help to offset osteoporosis risk.

Nutrition may also have a role in the prevention of sec-
ondary fractures.4,64 For example, orthopaedic surgeons 
could play a leading role in helping to avoid subsequent 
fractures by means of dietary and lifestyle measures, given 
that half of patients with hip fractures have had a previous 
fracture.64 As scientific evidence begins to gather for nutri-
ents other than calcium and vitamin D, it is likely that the 
EU register of authorised claims around bone health will 
increase.

Osteoporosis is a prevalent skeletal disease character-
ised by reduced bone mass and deterioration of bone tis-
sue. Ensuring that foods with bone-protecting properties 
are eaten throughout the lifecycle may help to reduce sus-
ceptibility to fractures. Alongside sufficient fruit and vegeta-
ble and dairy intakes this can also include encouraging 
dried fruit such as prune consumption. While most of the 
focus has been on calcium and vitamin D intakes and co-
administration of these to reduce fracture risk,65 it should 
be considered that a spectrum of nutrients and trace ele-
ments are needed for bone health, with phytonutrients and 
bioactive compounds in foods also having a seemingly 
important role. Hence, a wholefood approach would be a 
more assured way to preventing osteoporosis.

ICMJE ConflICt of IntErEst statEMEnt
All authors work for or on behalf of Food to Fit Ltd., a nutrition consultancy with 
independent, registered nutritionists and dietitians who work on a self-employed 
basis. Food to Fit Ltd. provides nutrition advice for several generic food commodity 
brands including the California Prune Board to whom we are grateful for funding our 
time to carry out the background research and writing for this paper. The content of 
this paper is entirely the work of the authors and the funders had no input into the 
planning or content, and had not reviewed the paper prior to submission.

fundIng
The author or one or more of the authors have received or will receive benefits for 
personal or professional use from a commercial party related directly or indirectly to 
the subject of this article.

lICEnCE
© 2017 The author(s)
This article is distributed under the terms of the Creative Commons Attribution-Non 
Commercial 4.0 International (CC BY-NC 4.0) licence (https://creativecommons.org/
licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribu-
tion of the work without further permission provided the original work is attributed.

rEfErEnCEs

1. Iof-International osteoporosis. What is osteoporosis? https://www.
iofbonehealth.org/what-is-osteoporosis (date last accessed 01 June 2017).

2. rosen CJ. The epidemiology and pathogenesis of osteoporosis. In: De Groot LJ, 
Chrousos G, Dungan K, et al, eds. Endotext. South Dartmouth: MDTEXT.COM,INC, 2017.

3. stránský M, rysavá l. Nutrition as prevention and treatment of osteoporosis. Physiol 
Res 2009;58:S7-S11.

4. Péter s, Eggersdorfer M, van asselt d, et  al. Selected nutrients and 
their implications for health and disease across the lifespan: a roadmap. Nutrients 
2014;6:6076-6094.

5. Kruger MC, Wolber fM. Osteoporosis: modern paradigms for last century’s bones. 
Nutrients 2016;8:E376.

6. Johnell o, Kanis Ja. An estimate of the worldwide prevalence and disability 
associated with osteoporotic fractures. Osteoporos Int 2006;17:1726-1733.

7. rosier rn. Expanding the role of the orthopaedic surgeon in the treatment of 
osteoporosis. Clin Orthop Relat Res 2001;385:57-67.

8. Bonjour JP, Chevalley t, ferrari s, rizzoli r. The importance and relevance of 
peak bone mass in the prevalence of osteoporosis. Salud Publica Mex 2009;51:S5-S17.

9. Khosla s, oursler MJ, Monroe dg. Estrogen and the skeleton. Trends Endocrinol 
Metab 2012;23:576-581.

10. abuajah CI, ogbonna aC, osuji CM. Functional components and medicinal 
properties of food: a review. J Food Sci Technol 2015;52:2522-2529.

author InforMatIon
1Food to Fit Ltd., PO Box 6057, Greens Norton, Northamptonshire, NN12 8GG, 
United Kingdom.
2Nutritional Insight Ltd., Surrey, KT17 2AA, United Kingdom.

Correspondence should be sent to:  Jennette Higgs, Food to Fit Ltd., PO Box 6057, 
Greens Norton, Northamptonshire, NN12 8GG, United Kingdom. 
Email: jennette@foodtofit.com



307

NUTRITION AND OSTEOPOROSIS PREvENTION FOR THE ORTHOPAEDIC SURGEON: A WHOlEFOODS APPROACH

11. gupta C, Prakash d. Phytonutrients as therapeutic agents. J Complement Integr Med 
2014;11:151-169.

12. lanham-new sa. The balance of bone health: tipping the scales in favor of 
potassium-rich, bicarbonate-rich foods. J Nutr 2008;138:172S-177S.

13. Bonjour JP. Nutritional disturbance in acid-base balance and osteoporosis: a hypothesis 
that disregards the essential homeostatic role of the kidney. Br J Nutr 2013;110:1168-1177.

14. Welch aa, Macgregor aJ, skinner J, et  al. A higher alkaline dietary load 
is associated with greater indexes of skeletal muscle mass in women. Osteoporos Int 
2013;24:1899-1908.

15. gunn Ca, Weber Jl, Mcgill at, Kruger MC. Increased intake of selected 
vegetables, herbs and fruit may reduce bone turnover in post-menopausal women. 
Nutrients 2015;7:2499-2517.

16. Mctiernan a, Wactawski-Wende J, Wu l, et  al. Low-fat, increased fruit, 
vegetable, and grain dietary pattern, fractures, and bone mineral density: the Women’s 
Health Initiative Dietary Modification Trial. Am J Clin Nutr 2009;89:1864-1876.

17. Macdonald hM, Black aJ, aucott l, et  al. Effect of potassium citrate 
supplementation or increased fruit and vegetable intake on bone metabolism in healthy 
postmenopausal women: a randomized controlled trial. Am J Clin Nutr 2008;88:465-474.

18. neville CE, Young Is, gilchrist sE, et al. Effect of increased fruit and vegetable 
consumption on bone turnover in older adults: a randomised controlled trial. Osteoporos Int 
2014;25:223-233.

19. gunn Ca, Weber Jl, Kruger MC. Midlife women, bone health, vegetables, herbs 
and fruit study. The Scarborough Fair study protocol. BMC Public Health 2013;13:23.

20. Bonjour JP, Kraenzlin M, levasseur r, Warren M, Whiting s. Dairy in 
adulthood: from foods to nutrient interactions on bone and skeletal muscle health. J Am Coll 
Nutr 2013;32:251-263.

21. Karp hJ, Vaihia KP, Kärkkäinen Mu, niemistö MJ, lamberg-allardt CJ. 
Acute effects of different phosphorus sources on calcium and bone metabolism in young 
women: a whole-foods approach. Calcif Tissue Int 2007;80:251-258.

22. Josse ar, atkinson sa, tarnopolsky Ma, Phillips sM. Diets higher in dairy 
foods and dietary protein support bone health during diet- and exercise-induced weight loss 
in overweight and obese premenopausal women. J Clin Endocrinol Metab 2012;97:251-260.

23. Bowen J, noakes M, Clifton PM. A high dairy protein, high-calcium diet 
minimizes bone turnover in overweight adults during weight loss. J Nutr 2004;134:568-573.

24. Woo J, lau W, Xu l, et al. Milk supplementation and bone health in young adult 
Chinese women. J Womens Health (Larchmt) 2007;16:692-702.

25. Merrill rM, aldana sg. Consequences of a plant-based diet with low dairy consumption 
on intake of bone-relevant nutrients. J Womens Health (Larchmt) 2009;18:691-698.

26. Weinsier rl, Krumdieck Cl. Dairy foods and bone health: examination of the 
evidence. Am J Clin Nutr 2000;72:681-689.

27. singhal s, Baker rd, Baker ss. A comparison of the nutritional value of cow’s 
milk and non-dairy beverages. J Pediatr Gastroenterol Nutr 2017;64:799-805.

28. Bonjour JP. Protein intake and bone health. Int J Vitam Nutr Res 2011;81:134-142.

29. fenton tr, lyon aW, Eliasziw M, tough sC, hanley da. Phosphate 
decreases urine calcium and increases calcium balance: a meta-analysis of the osteoporosis 
acid-ash diet hypothesis. Nutr J 2009;8:41.

30. Cao JJ, Johnson lK, hunt Jr. A diet high in meat protein and potential renal acid 
load increases fractional calcium absorption and urinary calcium excretion without affecting 
markers of bone resorption or formation in postmenopausal women. J Nutr 2011;141:391-397.

31. roughead ZK, hunt Jr, Johnson lK, Badger tM, lykken gI. Controlled 
substitution of soy protein for meat protein: effects on calcium retention, bone, and cardiovascular 
health indices in postmenopausal women. J Clin Endocrinol Metab 2005;90:181-189.

32. heaney rP, layman dK. Amount and type of protein influences bone health. Am J 
Clin Nutr 2008;87:1567S-1570S.

33. Zhao C, Zhou r, tian Y, et  al. Effects of the nutritional education and dietary 
intervention on nutritional status and bone mineral density of middle-aged and senile 
patients with osteoporosis. Wei Sheng Yan Jiu 2016;45:230-235. (In Chinese)

34. shen Cl, von Bergen V, Chyu MC, et al. Fruits and dietary phytochemicals in 
bone protection. Nutr Res 2012;32:897-910.

35. stacewicz-sapuntzakis M. Dried plums and their products: composition and 
health effects–an updated review. Crit Rev Food Sci Nutr 2013;53:1277-1302.

36. hooshmand s, Kern M, Metti d, et al. The effect of two doses of dried plum on 
bone density and bone biomarkers in osteopenic postmenopausal women: a randomized, 
controlled trial. Osteoporos Int 2016;27:2271-2279.

37. hooshmand s, Brisco Jr, arjmandi Bh. The effect of dried plum on serum 
levels of receptor activator of NF-κB ligand, osteoprotegerin and sclerostin in osteopenic 
postmenopausal women: a randomised controlled trial. Br J Nutr 2014;112:55-60.

38. hooshmand s, Chai sC, saadat rl, et al. Comparative effects of dried plum and 
dried apple on bone in postmenopausal women. Br J Nutr 2011;106:923-930.

39. arjmandi Bh, Khalil da, lucas Ea, et  al. Dried plums improve indices 
of bone formation in postmenopausal women. J Womens Health Gend Based Med 
2002;11:61-68.

40. Mahabir s, Baer dJ, Pfeiffer rM, et al. Low to moderate alcohol consumption 
on serum vitamin D and other indicators of bone health in postmenopausal women in a 
controlled feeding study. Eur J Clin Nutr 2014;68:1267-1270.

41. Kristensen M, Jensen M, Kudsk J, henriksen M, Mølgaard C. Short-term 
effects on bone turnover of replacing milk with cola beverages: a 10-day interventional study 
in young men. Osteoporos Int 2005;16:1803-1808.

42. Kuwabara a. Nutrition and bone health. Dietary sodium intake and bone health. Clin 
Calcium 2010;20:590-595. (In Japanese)

43. Ilich JZ, Brownbill ra, Coster dC. Higher habitual sodium intake is not 
detrimental for bones in older women with adequate calcium intake. Eur J Appl Physiol 
2010;109:745-755.

44. teucher B, dainty Jr, spinks Ca, et  al. Sodium and bone health: impact of 
moderately high and low salt intakes on calcium metabolism in postmenopausal women. 
J Bone Miner Res 2008;23:1477-1485.

45. avenell a, Mak JC, o’Connell d. Vitamin D and vitamin D analogues for 
preventing fractures in post-menopausal women and older men. Cochrane Database Syst 
Rev 2014;4:CD000227.

46. Bischoff-ferrari ha, Willett WC, Wong JB, et  al. Fracture prevention 
with vitamin D supplementation: a meta-analysis of randomized controlled trials. JAMA 
2005;293:2257-2264.

47. darling al, Millward dJ, torgerson dJ, hewitt CE, lanham-new sa. 
Dietary protein and bone health: a systematic review and meta-analysis. Am J Clin Nutr 
2009;90:1674-1692.

48. tai V, leung W, grey a, reid Ir, Bolland MJ. Calcium intake and bone mineral 
density: systematic review and meta-analysis. BMJ 2015;351:h4183.

49. fang Y, hu C, tao X, Wan Y, tao f. Effect of vitamin K on bone mineral density: a 
meta-analysis of randomized controlled trials. J Bone Miner Metab 2012;30:60-68.



308

50. European Commission. EU register on nutrition and health claims made on foods. 
http://ec.europa.eu/nuhclaims/ (date last accessed 01 June 2017).

51. Medeiros dM. Copper, iron, and selenium dietary deficiencies negatively impact 
skeletal integrity: A review. Exp Biol Med (Maywood) 2016;241:1316-1322.

52. rondanelli M, opizzi a, Perna s, faliva Ma. Update on nutrients involved in 
maintaining healthy bone. Endocrinol Nutr 2013;60:197-210.

53. Macdonald hM, hardcastle aC, Jugdaohsingh r, et  al. Dietary silicon 
interacts with oestrogen to influence bone health: evidence from the Aberdeen Prospective 
Osteoporosis Screening Study. Bone 2012;50:681-687.

54. Pizzorno l. Nothing boring about boron. Integr Med (Encinitas) 2015;14:35-48.

55. Boeing h, Bechthold a, Bub a, et al. Critical review: vegetables and fruit in the 
prevention of chronic diseases. Eur J Nutr 2012;51:637-663.

56. tucker Kl. Osteoporosis prevention and nutrition. Curr Osteoporos Rep 2009;7:111-117.

57. Igwe Eo, Charlton KE. A systematic review on the health effects of plums (Prunus 
domestica and Prunus salicina). Phytother Res 2016;30:701-731.

58. Bates B, Cox l, nicholson s, et al. National diet and nutrition survey: results from 
years 5 and 6 (combined) of the Rolling Programme (2012/2013 – 2013/2014). London: Public 
Health England, 2016.

59. Munns Cf, shaw n, Kiely M, et  al. Global consensus recommendations on 
prevention and management of nutritional rickets. Horm Res Paediatr 2016;85:83-106.

60. Public health England. Vitamin D - All You Need to Know. https://www.gov.uk/
government/uploads/system/uploads/attachment_data/file/390394/A5_Vitamin_leaflet_
public_FINAL_22_12_14.pdf (date last accessed 01 June 2017).

61. scientific advisory Committee on nutrition. Vitamin D and Health 
Report. https://www.gov.uk/government/publications/sacn-vitamin-d-and-health-
report (date last accessed 01 June 2017).

62. Chung M, lee J, terasawa t, lau J, trikalinos ta. Vitamin D with or without 
calcium supplementation for prevention of cancer and fractures: an updated meta-analysis 
for the U.S. Preventive Services Task Force. Ann Intern Med 2011;155:827-838.

63. national osteoporosis society. Risk factors for osteoporosis and fractures. 
https://nos.org.uk/information/healthy-living-and-risk/are-you-at-risk/ (date last accessed 
07 June 2017).

64. stolnicki B, oliveira lg. For the first fracture to be the last. Rev Bras Ortop 
2016;51:121-126.

65. reid Ir, Bolland MJ, grey a. Effects of vitamin D supplements on bone mineral 
density: a systematic review and meta-analysis. Lancet 2014;383:146-155.


