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NORMAL BONE OSTEOPOROTIC BONE

Osteoporosis is a disease characterized by 
low bone mass and deterioration in the 
microarchitecture of bone tissue, leading to an 
increased risk of fracture. Osteoporosis occurs 
when bone mass decreases more quickly than the 
body can replace it, leading to a net loss of bone 
strength. As a result the skeleton becomes fragile, 
so that even a slight bump or fall can lead to a 
broken bone, (referred to as a fragility fracture). 
Osteoporosis has no signs or symptoms until a 
fracture occurs – this is why it is often called a 
‘silent disease’.

Osteoporosis affects all bones in the body; however, 
fractures occur most frequently in the vertebrae 
(spine), wrist and hip. Osteoporotic fractures of the 
pelvis, upper arm and lower leg are also common. 
Osteoporosis itself is not painful but the broken 
bones can result in severe pain, significant disability 
and even mortality. Both hip and spine fractures are 
also associated with a higher risk of death - 20% of 
those who suffer a hip fracture die within 6 months 
after the fracture.

A COMMON DISEASE

It is estimated that worldwide an osteoporotic 
fracture occurs every three seconds. At 50 years 
of age, one in three women and one in five men 
will suffer a fracture in their remaining lifetime. 
For women, the risk of hip fracture is higher than 
the risk of breast, ovarian and uterine cancer 
combined. For men, the risk is higher than the risk 
for prostate cancer. Approximately 50% of people 
with one osteoporotic fracture will have another, 
with the risk of new fractures rising exponentially 
with each fracture.

A GROWING PUBLIC HEALTH PROBLEM

The risk of sustaining a fracture increases 
exponentially with age due not only to the decrease 
in bone mineral density, but also due to the 
increased rate of falls among the elderly. The elderly 
represent the fastest growing segment of the 
population. Thus, as life expectancy increases for 
the majority of the world’s population, the financial 
and human costs associated with osteoporotic 
fractures will increase dramatically unless preventive 
action is taken.

WHAT IS OSTEOPOROSIS?
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Our skeleton is formed before we are born, 
supports us throughout our lives, and can remain 
long after we die. Regardless of age, gender, race 
or nationality, we all have one. Yet this essential 
organ is so often taken for granted. This 2015 
World Osteoporosis Day Report focuses on the 
nutritional needs of our skeleton throughout the 
life-course, from before the cradle, to the grave.

To begin at the beginning, we must ensure that 
expectant mothers are sufficiently well-nourished 
to support an infant’s development in utero. In 
this regard, surveys from around the world, which 
have identified low levels of calcium intake and 
vitamin D insufficiency as being very common in 
pregnancy, are a cause for concern.

Osteoporosis has been characterized as a 
paediatric disease with geriatric consequences. 
Childhood and adolescence are critical periods 
in skeletal development which will determine 
an individual’s peak bone mass. This is the 
time to maximize savings in the ‘bone bank’, 
because during the remainder of our lives, we 
will be making withdrawals against that peak 
balance. Whilst genetics plays a significant role in 
determining skeletal growth, decisions made by 
parents and their children regarding nutrition and 
exercise, can have a profound effect upon fracture 
risk later in life. We genuinely owe it to our 
children to ensure that they have a well-balanced 
diet, rich in calcium, vitamin D and protein, and 
take adequate exercise to set them up for a long, 
healthy and active life.

During the adult decades from our twenties to 
sixties, our goal must be to avoid premature bone 
loss and maintain a healthy skeleton. A clear 
consensus exists on the amount of dietary calcium 
that we should consume, which is shared by leading 
organizations across the world. However, as for 
pregnant women and adolescents in general, 
and particularly teenage girls in some countries, 
numerous reports from all regions of the world 
indicate that calcium intake is often far below the 
recommendations of national guidelines. With 
regard to vitamin D, IOF’s efforts to map vitamin D 
insufficiency and deficiency paint a truly alarming 
picture among all age groups in all regions. Other 
dietary factors which can adversely affect bone 
health include excessive consumption of alcohol 
and caffeinated beverages. Furthermore, as in all 
things, being at either extreme of the body mass 
distribution – whether underweight or overweight – 
is bad for bones.
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Osteoporosis, and the fragility fractures it causes, are 
most common among seniors in our society. While 
fragility fracture incidence is rising rapidly throughout 
the world, as the baby boomer generation ages, a 
recent study of current and future fracture incidence 
in China highlights the threat posed by osteoporosis. 
In 2010, approximately 2.3 million fractures occurred 
in the Chinese population aged 50 years and over, 
a figure which is set to rise to almost 6 million by 
2050. Nutrition plays an important role for our 
seniors, as a component of broader efforts to ensure 
that individuals who are at high risk of fracture, 
particularly those who have suffered fragility 
fractures in the past, receive optimal treatment to 
prevent future fractures.

Although osteoporosis primarily affects older 
people, behaviours and decisions throughout the 
life-course, for better or worse, can dramatically 
contribute to an individual’s risk of suffering a 
fragility fracture. This report provides clear guidance 
on how nutrition can support musculoskeletal 
health at each stage of life.
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Changing nutritional  
needs throughout life

GOOD NUTRITION, INCLUDING SUFFICIENT CALCIUM, 

PROTEIN AND VITAMIN D, ARE ESSENTIAL TO BUILDING AND 

MAINTAINING A HEALTHY SKELETON AT ALL AGES.
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Throughout our lives the size of our skeleton, and 
the amount of bone contained within it, changes 
significantly. As illustrated in Figure 1, during the 
first 10–12 years of life, bone mass increases steadily 
for both boys and girls. At puberty, the rate of 
accrual of bone mass accelerates, increasing more 
rapidly in boys1, resulting in achievement of peak 
bone mass (PBM) by the mid-twenties. Thereafter, a 
gradual decline into old age occurs in men, and an 
accelerated period of bone loss for several years after 
the menopause occurs in women.

The primary objectives for good bone health at the 
various stages of life are:

 § Children and adolescents: achieve genetic 
potential for peak bone mass

 § Adults: avoid premature bone loss and maintain 
a healthy skeleton

 § Seniors: prevent and treat osteoporosis

Provision of adequate nutrition to build and maintain 
the skeleton is essential to the achievement of these 
objectives. The most important nutrients for bone 
health are calcium, vitamin D and protein. The role 
of other micronutrients is also discussed in this 
report, including vitamin A, B vitamins, vitamin K, 
magnesium and zinc.

Calcium

Calcium is a major building block of our skeleton; 
99% of the 1 kg of calcium found in the average 
adult body resides in our bones. It is present in 
bone in the form of a mineral complex called 

hydroxyapatite which confers strength to the 
skeleton. Calcium also plays an important role in 
nerve and muscle-functioning which requires blood 
calcium levels to be tightly controlled. As a result, 
the skeleton acts as a calcium ‘reservoir’. Should 
blood levels fall, parathyroid hormone (PTH) from the 
parathyroid glands in the neck causes the skeleton to 
release calcium into the blood stream to compensate 
for a fall in circulating calcium concentrations. 
Calcium is important for bone health throughout 
the life-course, particularly during the teenage years 
when about half of our bone mass is accumulated3.

Vitamin D

Vitamin D plays two key roles in the development 
and maintenance of healthy bones4:

 § Assists calcium absorption from food in the 
intestine

 § Ensures correct renewal and mineralization of 
bone

Notably, vitamin D was misnamed when it was 
discovered in 1922. It is not a true vitamin because 
an ongoing nutrient source is not required to sustain 
normal levels in the body. Vitamin D should properly 
be classified as a hormone precursor. A hormone is a 
chemical substance produced by one organ and then 
transported in the blood stream to a target organ, 
where it causes a specific biological action. Vitamin D 
is made in the skin when it is exposed to UV-B rays in 
sunlight, but can also be obtained from foods such 
as oily fish. Vitamin D deficiency in children can lead 
to growth retardation and bone deformities known 
as rickets. The same processes in adults lead to 
osteomalacia, which is a ‘softening’ of the bones due 
to poor mineralization. Milder degrees of vitamin 
D insufficiency are common, and can predispose 
individuals to osteoporosis5,6.

Protein

Dietary protein provides the body with a source of 
amino acids to support building of the bone matrix. 
It also has a favourable effect on bone by increasing 
blood levels of insulin-like growth factor I (IGF-I) 
which plays an important role in bone formation7. 
Variation in protein intake during childhood and 
adolescence can affect skeletal growth and may 
modulate the genetic potential for PBM attainment8. 
In older adults, low protein intake is associated 
with loss of bone mineral density (BMD) at the 
hip and the spine9. Protein supplementation of 
patients who have suffered a hip fracture has been 
shown to reduce post-fracture bone loss, medical 
complications and rehabilitation hospital stay10.

7050 604020 3010

puberty
menopause

male female

Years

B
o

n
e 

m
as

s

peak bone mass

FIGURE 1 Bone mass throughout the life-
course2
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Maternal nutrition:  
getting a head start in life

POOR EARLY GROWTH DUE TO INADEQUATE MATERNAL 

NUTRITION IS ASSOCIATED WITH REDUCED ADULT BONE 

MINERAL CONTENT AT PEAK BONE MASS AND IN LATER LIFE, 

AND ALSO INCREASED RISK OF HIP FRACTURE.
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During the last two decades, the concept that 
environmental influences during intrauterine 
and early postnatal life could have long-term 
implications for adult health and disease has 
become well established. Correlations have 
been demonstrated between geographic areas 
with high rates of cardiovascular disease and 
those with high rates of infant mortality 50 
years before11,12. This underpins the hypothesis 
that chronic noncommunicable diseases during 
later life may stem from a mismatch between 
the environment experienced in utero and that 
experienced in early postnatal life. It is becoming 
increasingly clear that the early life environment 
has long-term consequences for musculoskeletal 
development13,14, indeed poor early growth is 
associated with reduced adult bone mineral 
content (BMC) at peak bone mass and in later 
life15, and also increased risk of hip fracture16,17. 
Studies of mother-offspring cohorts have 
revealed particular influences during pregnancy 
which may mediate such associations, with roles 
demonstrated for maternal body build, lifestyle, 
physical activity, diet and vitamin D status18-21.

The role of maternal diet during 
pregnancy

The majority of bone development in the human 
foetus occurs during the third trimester, requiring a 
total of 30 g of calcium22. Intestinal absorption of 
calcium increases in the mother during pregnancy, 
and very low maternal intake may be a risk factor 
for lower bone mass in neonates, particularly in 
areas where dietary calcium content is chronically 
poor23. Although the general pattern of maternal 
diet during gestation appears related to offspring 
bone development, with more healthy maternal 
diets associated with greater offspring bone 
mass24, the gestational micronutrient that has 
been most strongly associated with offspring bone 
development is vitamin D.

The role of maternal vitamin D

Vitamin D insufficiency is common during 
pregnancy. A mother-offspring cohort study 
from Southampton, UK reported that 31% of 
mothers had insufficient (11–20 ng/mL) and 18% 
deficient (<11 ng/mL) circulating concentrations of 
25-hydroxyvitamin D [25(OH)D] during late stage 
pregnancy20. Lower concentrations of gestational 
25(OH)D were associated with reduced whole-body 
and lumbar spine BMC and BMD in children at 9 
years of age. Another study from the same group 
of investigators reported a correlation between 
maternal vitamin D concentrations in pregnancy 
and neonatal bone mass25. To date, only one small-
scale intervention study has considered the impact 
of vitamin D supplementation in pregnancy which 
included an assessment of bone mineralization in 
the offspring26. In order to address this gap in the 

evidence-base, the UK Maternal Vitamin D  
Osteoporosis Study (MAVIDOS), a large-scale 
randomized-controlled trial, is testing whether 
offspring of mothers supplemented with vitamin D 
in pregnancy have higher bone mass at birth than 
those whose mothers were not supplemented27.

Dietary guidelines and the needs 
of expectant mothers

United States of America

In February 2015, the Dietary Guidelines Advisory 
Committee (DGAC) published an Advisory Report 
for the Secretary of Health and Human Services 
and the Secretary of Agriculture31. The DGAC 
found that several nutrients are under-consumed 
relative to the Estimated Average Requirement 
(EAR) or the Adequate Intake (AI) levels set by 
the Institute of Medicine (IOM)32. These so-called 
‘shortfall nutrients’ are vitamin A, vitamin D, 
vitamin E, vitamin C, folate, calcium, magnesium, 
fibre and potassium. Among these, calcium, 
vitamin D, fibre and potassium have also been 
classified as ‘nutrients of public health concern’ 
because of well documented links to adverse 
health outcomes. With regard to calcium and 
vitamin D, the DGAC findings echo those of the 
U.S. Food and Drug Administration (FDA), which 
designated calcium and vitamin D as nutrients 
of ‘public health significance’ in its recent review 
of evidence in publishing a Proposed Rule on the 
Nutrition Facts label33. Notably, among pregnant 
women, 90% had intakes below the EAR for 
vitamin D and 24% had intakes below the EAR for 
calcium. This led the DGAC to note specifically that 
calcium is an under-consumed nutrient of public 
health concern among pregnant women.

Strategies have been proposed to achieve the 
Recommended Dietary Allowance (RDA) of 

The gestational 
micronutrient 
that has been most 
strongly associated 
with offspring 
bone development 
is vitamin D
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vitamin D by the American Academy of Pediatrics 
(AAP)34, the Endocrine Society35 and the National 
Osteoporosis Foundation36 which include:

 § Consumption of fortified foods
 § Broadening the range of fortified dairy products
 § In some cases, the use of a vitamin D 

supplement or a multivitamin including vitamin D

Strategies to improve calcium intake include 
increased consumption of dairy or fortified products 
that are important sources of calcium.

United Kingdom

The National Health Service (NHS) in the UK 
recommends expectant mothers should take a 
supplement containing 10 µg (400 IU) vitamin D  

each day throughout pregnancy and during 
breastfeeding37. The recommendation highlights 
that women who choose to take a multivitamin 
supplement to obtain vitamin D should not use any 
supplements containing vitamin A (retinol), as too 
much could be harmful to the foetus.

In 2014, the National Institute for Health and 
Clinical Excellence (NICE) published Public Health 
Guidance 56 on increasing vitamin D supplement 
use among at-risk groups, including pregnant 
women38. The guidance notes that the main 
natural source is from the action of sunlight on 
skin. However, from mid-October to the beginning 
of April in the UK there is no ambient ultraviolet 
sunlight of the appropriate wavelength for skin 
synthesis of vitamin D, resulting in a significant 
minority of adults and children having low levels39.

The biological mechanism considered to mediate 
such early influences on later adult disease is termed 
developmental plasticity13. A highly prevalent 
phenomenon in the natural world, developmental 
plasticity is caused by environmental determination of 
a phenotype through altered gene expression. Thus, 
a single genotype can generate multiple phenotypes 
dependent upon particular environmental exposures 
at critical periods of development. In mammals, 
developmental plasticity provides a mechanism for 
developmental cues before birth to allow the next 
generation to adjust aspects of their phenotype to fit 
well with their expected later environment14. Figure 2  
illustrates how early modulation of environmental 
factors can impact on disease progression throughout 
the life-course.

The science of epigenetics – which literally means 
‘outside conventional genetics’ – relates to information 
which can be passed to the next generation but which 
is not contained within the DNA code itself. Epigenetic 
mechanisms are critical in the regulation of gene 
expression during development28, and thus provide an 
organism with the ability to fine-tune gene expression 
in the offspring, so they are born appropriately 
adapted to the prevailing environment. The primary 
molecular processes which enable gene expression to 
be turned on or off are DNA methylation, chromatin 
histone modification and noncoding RNAs.

Two studies have provided evidence relating to 
epigenetic influences in the developmental origins 
of osteoporosis:

 § Endothelial nitric oxide synthase (eNOS) 
is important in bone metabolism, playing a 
mechanistic role in the function of osteocytes, 
osteoblasts and osteoclasts29. Investigators 
sought to relate the methylation status of the 
eNOS gene promoter in stored umbilical cord 
to bone size and mineral density in children 
aged 9 years. An association was apparent 
between methylation status at birth and bone 
size and density.

 § Retinoid-X Receptor-alpha (RXRA) 
is an essential cofactor in the action of 
1,25-dihydroxyvitamin D30. Methylation of the 
RXRA gene promoter in umbilical cord was 
inversely associated with percentage bone 
mineral content (%BMC) and BMC corrected 
for body size at 4 years old.

In time, epigenetic studies may provide a basis 
for development of novel biomarkers to identify 
children who are at increased risk of poor bone 
health in later life.
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Adapted from J Bone Miner Res 2014; 29:1917-1925 
with permission from John Wiley and Sons.
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Building bone in 
childhood and 

adolescence: stocking up 
for the future

THE PRIMARY OBJECTIVE FOR CHILDREN AND  

ADOLESCENTS IS TO ACHIEVE THEIR GENETIC POTENTIAL  

FOR PEAK BONE MASS.
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To a great extent, the course for bone health 
throughout life is set during our first two decades. 
Actions taken, or not, during childhood and 
adolescence determine whether an individual 
achieves his or her own genetic potential for 
PBM. Analysis of the relative influences of peak 
BMD, age-related bone loss and menopause on 
the development of osteoporosis predicted that 
a 10% increase in peak BMD would delay the 
development of osteoporosis by 13 years40. While 
genetics contributes up to 80% of the variance of 
BMD observed within the population, a number of 
modifiable factors impact on the skeletal growth 
trajectory for an individual child.

From birth to adulthood, BMC increases 50-
fold41. Approximately half of our bone mass is 
accumulated during adolescence41, with a quarter 
being acquired during the two-year period when 
peak height velocity is reached42. The age of peak 
calcium accretion for boys and girls has been 
reported as 14 years and 12.5 years, respectively42. 
Up to the age of 10–12 years, there are no 
significant differences in bone mass between boys 
and girls. But during puberty the duration of bone 
mass accumulation is longer in boys, hence resulting 
in bigger bones1. Sex steroids and the growth 
hormone/insulin-like growth factor I (IGF-I) axis of 
the endocrine system control bone mass accrual 
during childhood and adolescence43. Swedish 
investigators explored the relationship between free 
testosterone, oestradiol and the size of cortical bone 
– the hard ‘outer casing’ of bones - in young men44. 
They found that androgens increase, whereas 
oestrogens reduce, cortical bone size. Thus, during 
puberty, boys develop larger bones than girls and so 
accrue greater bone mass.

In addition to genetics and gender, ethnicity and 
race are non-modifiable factors which affect bone 
mass accrual45,46.

The impact of modifiable factors 
on skeletal development

A Clinical Report published in 2014 by the American 
Academy of Pediatrics highlighted the following 
modifiable factors which affect bone mass accrual 
in children and adolescents34:

 § Nutrition
 § Exercise and lifestyle
 § Body weight and composition
 § Hormonal status

NUTRITION

The nutrients of most importance to optimize bone 
health in children and adolescents are calcium, 
vitamin D and protein. Dietary choices which can 
adversely affect bone health include so-called 
‘milk displacement’ – where carbonated beverages 
(sodas) are consumed in preference to milk – and 
diets high in sodium. Soda consumption is on the 
rise worldwide and meta-analysis has shown this to 
be associated with lower intakes of milk, calcium, 
and other nutrients51.

Calcium

The primary source of nutrition for infants during 
the first year of life is breast milk from the mother 
or infant formula. Inadequate calcium intake is 
a worldwide problem52 which has been reported 
specifically among women of childbearing age53 
and among pregnant women31. Studies which have 
sought to address the impact of maternal calcium 
intake during late-stage pregnancy and lactation 
on breast milk calcium content have reported 
equivocal findings. Spanish investigators explored 
the relationship between calcium intake and serum 
calcium levels during the third trimester of pregnancy 
with calcium levels in transition milk (days 13–14 of 
lactation) and mature milk (day 40 of lactation)54. 
While mothers with a lower calcium intake (<1,100 
mg/day) did not experience a drop in serum levels 
of calcium during pregnancy or lactation, nor 

Milk and other 
dairy products are 
the source of up 
to 80% of dietary 
calcium intake for 
children from the 
second year of life 
onwards

‘Environmental factors, particularly dietary 
intakes and physical activity can modulate 
the tracking of bone mass accrual47-49. Diet-
mediated favourable influences could thus 
be considered as a measure of primary 
prevention for osteoporosis later in life.’

Professor René Rizzoli50
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were decreased levels of calcium observed in their 
transition milk, these mothers had 15% lower levels 
of calcium in their mature milk, as compared to 
women with higher calcium intakes (>1,100 mg/
day). However, other studies have reported that 
calcium levels in breast milk are independent of 
maternal calcium intake, even among women with 
very low calcium intakes55,56. It would appear that 
physiological mechanisms, including changes in 
calcium metabolism, intestinal calcium absorption 
efficiency and renal calcium handling, operate to 
provide calcium for breast-milk production57.

Milk and other dairy products are the source of up 
to 80% of dietary calcium intake for children from 
the second year of life onwards. Studies based on 
national survey data collected in developed countries 
have evaluated milk consumption among children 
and adolescents over recent decades58. Downward 
trends since the 1970s have been reported in 
France59, Germany60 and the USA61. Predictably, a 
growing body of evidence suggests that a decrease 
in milk consumption is concomitant with increased 
consumption of sweetened beverages58.

The dietary reference intakes for calcium 
recommended by the IOM in the United States are 
shown by age range for children in Table 132. Given 
that a 240 mL glass of milk, a cup of yoghurt or 42 g 
of natural cheese provide about 300 mg of calcium, 
achieving the RDAs should not be difficult. However, 
less than 15% of adolescent girls in the United 
States consume the RDA, with the average intake 
being just 876 mg/day62. A 2014 study from the 
UK assessed calcium intake in the diets of preschool 
children63. While the UK Department of Health 
Reference Nutrient Intake (RNI) for calcium – which is 
a comparable measure to RDA – is significantly lower 
than the IOM’s RDA (350 mg/day versus 700 mg/day 
for children aged 18 months and 3.5 years), it is of 
concern that mean calcium intake decreased during 
this two-year period from 806 mg/day to 768 mg/day. 
When considered in light of the IOM’s RDA of 700 mg/
day, these data suggest that one-third of children aged 

18 months were below the RDA recommendation, 
increasing to 45% by age 3.5 years.

Vitamin D

Vitamin D3 is synthesised in the skin when 
7-dehydrocholesterol is exposed to UV-B rays in 
sunlight. After transfer to the liver, it is metabolized 
to 25(OH)D, which is currently considered to be 
the best marker of vitamin D status. Subsequent 
secondary hydroxylation to 1,25-dihydroxyvitamin D 
[1,25(OH)2D] in the kidney produces the biologically 
active form of the hormone.

Vitamin D synthesis is dependent on several factors, 
including latitude, skin pigmentation and use of 
sunscreen. During the winter months, individuals 
living at latitudes higher than 33° in the northern 
or southern hemispheres do not receive adequate 
UV-B exposure to synthesize vitamin D in their skin. 
Consequently, vitamin D insufficiency is observed 
throughout the world52, including sunny countries 
such as Australia64, where sunscreen use to prevent 
skin cancer has become commonplace. Reports from 
Asia65, Europe66-71, the Middle East72, North America73 
and Oceania74-76 suggest that low levels of vitamin D 
in children are highly prevalent, as illustrated by the 
IOF vitamin D status map in Figure 377.

The dietary reference intakes for vitamin D 
recommended by the IOM are shown by age range 
for children in Table 232. Only a small group of foods 
are naturally rich in vitamin D, which includes oily 
fish (e.g., salmon, mackerel and sardines) and liver. 
In some countries margarine and breakfast cereals 
are fortified with vitamin D. A recent pan-European 
study concluded that adolescent consumers 
of ready-to-eat-cereals (RTECs) had favourable 
micronutrient intake, including vitamin D, as 
compared to non-consumers of RTECS78.

Guidance from several countries recommend 
vitamin D supplementation for infants and young 
children34,64,79. In 2012, Chief Medical Officers for 

AGE CALCIUM RDA (mg/day) CALCIUM UL (mg/day)*

0–6 months     200** 1,000

6–12 months     260** 1,500

1–3 years 700 2,500

4–8 years 1,000 2,500

9–13 years 1,300 3,000

14–18 years 1,300 3,000

* The upper limit (UL) highlights a level above which there is risk of adverse events.
** Because recommended dietary allowances (RDAs) have not been established for infants, the adequate intake (AI) value is shown. AI is 
a value that meets the needs of most children.

TABLE 1 U.S. Institute of Medicine calcium dietary reference intakes32
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the four nations of the UK wrote to all general 
practitioners, practice nurses, health visitors and 
community pharmacists with advice on prescribing 
and recommending vitamin D supplements to 

those groups of the population at risk of vitamin D 
deficiency79. The advice pertaining to children was:

 § All pregnant and breastfeeding women should 
take a daily supplement containing 10 µg 
(400 IU) of vitamin D, to ensure the mother’s 
requirements for vitamin D are met and to build 
adequate foetal stores for early infancy.

 § All infants and young children aged 6 months 
to 5 years should take a daily supplement 
containing vitamin D in the form of vitamin 
drops, to help them meet the requirement set 
for this age group of 7–8.5 µg of vitamin D 
per day. However, those infants who are fed 
infant formula will not need vitamin drops until 
they are receiving less than 500 mL of infant 
formula a day, as these products are fortified 
with vitamin D. Breastfed infants may need to 
receive drops containing vitamin D from one 
month of age if their mother has not taken 
vitamin D supplements throughout pregnancy.

Copyright © Free Vector Maps.com

25-49 nmol/L < 25 nmol/L> 75 nmol/L 50-74 nmol/L

Vitamin D level

FIGURE 3 IOF map of vitamin D status in 
children and adolescents77

AGE VITAMIN D RDA (IU/day) VITAMIN D UL (IU/day)*

0–6 months     400** 1,000

6–12 months     400** 1,500

1–3 years 600 2,500

4–8 years 600 3,000

9–13 years 600 4,000

14–18 years 600 4,000

* The upper limit (UL) highlights a level above which there is risk of adverse events.
** Because recommended dietary allowances (RDAs) have not been established for infants, the adequate intake (AI) value is shown. AI is 
a value that meets the needs of most children.

AGE PROTEIN RDA (g/day) PROTEIN UL (g/day)*

0–6 months     9.1**       ND***

6–12 months 11       ND***

1–3 years 13 5-20

4–8 years 19 10-30

9–13 years 34 10-30

14–18 years males 52 10-30

14–18 years females 46 10-30

* The acceptable macronutrient distribution range (AMDR) is the range of intake for a particular energy source that is associated with 
reduced risk of chronic disease while providing intakes of essential nutrients. If an individual consumed in excess of the AMDR, there is a 
potential of increasing the risk of chronic diseases and insufficient intakes of essential nutrients.
** Because recommended dietary allowances (RDAs) have not been established for infants aged 0–6 months, the adequate intake (AI) 
value is shown. AI is a value that meets the needs of most children.
*** Not determinable (ND) due to lack of data of adverse effects in this age group and concern with regard to lack of ability to handle 
excess amounts. Source of intake should be from food only to prevent high levels of intake.

TABLE 3 U.S. Institute of Medicine protein dietary reference intakes32

TABLE 2 U.S. Institute of Medicine vitamin D dietary reference intakes32
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Protein

Dietary protein is a source of amino acids which are 
needed to build the bone matrix. Milk is a source 
of high-quality protein, mostly casein, but also 
whey proteins which contain growth promoting 
elements80. Healthy children who were given extra 
servings of milk in their diets, and hence extra 
protein, experienced significant increases in IGF-l as 
compared to control subjects81. Variation in protein 
intake which is considered to be within the normal 
range for well-nourished children and adolescents 
can affect skeletal growth, and so impact on a 
child’s capacity to achieve their genetic potential 
for PBM80. The dietary reference intakes for protein 
recommended by the IOM are shown by age range 
for children in Table 332.

EXERCISE AND LIFESTYLE

In 2013, Osteoporosis Australia published Building 
healthy bones throughout life which included a 
comprehensive review of evidence pertaining to the 
impact of exercise on bone health64. This strategy 
recognized that childhood and adolescence may 
be the pivotal period in the life-course for exercise 
to most significantly impact on bone health in the 
long term. The primary recommendation relating to 
exercise needs in children and adolescents was:

 § ‘Encourage schools to incorporate a diverse 
and enjoyable battery of weight-bearing 
activities and sports into their school physical 
education programmes. This could include 
participation in short periods (5–10 minutes) 
of daily, targeted, multidirectional, moderate- 
to high-impact activities such as jumping, 
skipping and hopping.’

BODY WEIGHT AND COMPOSITION

A healthy body weight during childhood and 
adolescence is required for optimal bone health. 
Having a body mass index (BMI) at either end of the 
spectrum can pose a threat to development of the 
skeleton. Anorexia nervosa has been shown to have 
a profound negative impact on BMD in adolescent 
girls82 and boys83, as well as indices of skeletal 
strength84,85. Overweight and obese children have 
low bone mass and area for their weight86, and 
overweight children and adolescents are more likely 
to sustain repeated fracture at the wrist87. 

Fracture trends in childhood and 
later life

The incidence of limb fractures in the population 
shows a bimodal distribution as a function of 
age, with the first peak being coincident with the 
pubertal growth spurt for both boys and girls88. 
Swiss investigators sought to determine whether 
PBM is low among girls who sustained fractures89. 

Before and during early puberty, BMC and width 
of the radial diaphysis was lower in the fracture 
compared with the no-fracture group. At pubertal 
maturity, BMC at the ultradistal radius, femoral 
trochanter and lumbar spine were all significantly 
lower in girls with fractures. Throughout puberty, 
the gains in BMC at the various skeletal sites were 
also smaller for the girls with fractures. Accordingly, 
the investigators concluded that childhood fractures 
may be markers for low PBM and persistent bone 
fragility. A similar study from the UK found that 
children who fracture tend to have a smaller 
skeleton relative to their overall body size90.

A key question is whether a fracture in childhood 
predisposes individuals to higher fracture risk in 
adult life. In 2014, investigators from the Mayo 
Clinic in the United States evaluated bone strength 
and architecture parameters in children who had 
suffered wrist fractures as a result of mild trauma 
(e.g., a fall from standing height as opposed to a 
fall while riding a bicycle, which was classified as 
moderate trauma)91. They concluded that children 
with mild trauma fractures had thinning of cortical 
bone and deficits in bone microstructure at the 
distal radius and tibia compared to sex-matched, 
controls with no fracture history. This suggests that 
wrist fractures in children have two distinct causes:

1. Fractures resulting from mild trauma which 
suggest underlying skeletal fragility

2. Fractures resulting from moderate trauma 
when bone strength is normal

The same group subsequently investigated adult 
women and men who had sustained a mild trauma 
wrist fracture during childhood (prior to 18 years 
of age)92. These otherwise healthy young adults 
(age 20–40 years), had diminished bone strength, 
deficits of the cortical bone at the wrist, and lower 
BMD at the wrist, hip, and total body regions 
compared to controls. These results suggest that 
lifestyle interventions may need to be targeted to 
children and adolescents who suffer mild trauma 
wrist fractures to improve their bone health in the 
long-term.
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Paediatric models of 
malnutrition-induced 
osteoporosis

In addition to the challenge posed by anorexia 
nervosa, a number of other childhood diseases 
which result in malnutrition impact negatively on 
the developing skeleton. These include:

 § Inflammatory bowel disease (IBD)

 § Cystic fibrosis

 § Coeliac disease

Several aspects of bone metabolism in children 
with IBD are inhibited, including bone modelling, 
remodelling and linear growth94. Biomarker studies 
indicate that both bone formation and bone 
resorption are decreased by 30–50% as compared 
to normal rates. At diagnosis, children with IBD, 
particularly those with Crohn’s disease, often 
have stunted growth. Control of inflammation, 
improved nutrition and regular physical activity 
are the key components of management of IBD in 
children with respect to bone health.

A significant proportion of children with cystic 
fibrosis (CF) have low BMD95. In 2011, the 
European Cystic Fibrosis Society published 
comprehensive guidelines on the assessment, 
prevention and treatment of bone disease in CF 
sufferers96.

A recent meta-analysis reported that fractures 
were almost twice as common in individuals with 
clinically diagnosed coeliac disease as compared to 
those without the disease97. A position statement 
published in Canada in 2012 recommended that 
BMD should be assessed one year after diagnosis 
of coeliac disease in children if gluten-free diet 
(GFD) adherence is not strict, and that a GFD is the 
most important treatment for bone loss98.

Assessment of bone 
health in a growing child 
or adolescent

In 2014, the International Society for Clinical 
Densitometry published Official Revised Positions 
on reporting of densitometry results in children93. 
The primary recommendations made were:

What are the most appropriate and 
reproducible sites for densitometry in 
children?

The posterior-anterior spine and total body 
less head (TBLH) are the preferred skeletal sites 
for performing BMC and areal BMD (aBMD) 
measurements in most paediatric subjects. 
Other sites may be useful depending on clinical 
need. Note that the hip is not a preferred site in 
growing children because of variability in skeletal 
development.

What is the best method for reporting 
aBMD in children; what corrections 
should be made for bone size, height, 
lean body mass, skeletal age, or pubertal 
stage?

In children with short stature or growth delay, 
spine and TBLH BMC and aBMD results should be 
adjusted. For the spine, adjust using either bone 
mineral apparent density (BMAD) or the height 
(for age) Z-score. For TBLH, adjust using the 
height Z-score.

What are the most appropriate 
normative databases for use in 
childhood?

An appropriate reference data set must include a 
sample of healthy representatives of the general 
population sufficiently large to capture variability 
in bone measures that takes into consideration 
gender, age, and race/ethnicity.

Detailed guidance is also provided on what 
elements should be included in a dual X-ray 
absorptiometry (DXA) report for a child or 
adolescent.
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Maintaining bone mass in 
adulthood: stemming the 

tide of bone loss

THE PRIMARY OBJECTIVE FOR ADULTS IS TO  

AVOID PREMATURE BONE LOSS AND MAINTAIN A  

HEALTHY SKELETON.
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Bone is metabolically active 
throughout life

Our bones are in a perpetual state of turnover 
throughout life, such that the entire skeleton is 
replaced every decade99. This process is known as 
the bone remodelling cycle, which is illustrated 
in Figure 4. Osteoclast cells are recruited to sites 
of microdamage to remove old bone (bone 
resorption). Once they have completed their task, 
osteoblast cells – bone forming cells – deposit new 
bone to fill the gap created by the osteoclasts. 
In order for the total amount of bone to remain 
constant, the rate of bone resorption needs to 
be equivalent to the rate of bone formation. Put 
simply, in healthy and well-nourished children 
and adolescents the rate of formation exceeds 
the rate of resorption. During adulthood, a 
comparative period of balance between formation 
and resorption maintains the amount of bone 
mass. After menopause, women undergo a 

period of rapid bone loss, as bone resorption 
outstrips formation, due to the lack of protective 
oestrogen100. In men, bone loss tends to accelerate 
after age 70 years101.

A well-balanced diet, which is rich in calcium, 
vitamin D and protein, and with adequate intake 
of other important micronutrients, is essential to 
maintain a healthy skeleton during adulthood. 
Regular weight-bearing exercise also plays an 
important part in ensuring good adult bone health. 
This section of the report provides adults with 
advice on diet to minimize the probability that 
osteoporosis, and the fragility fractures it causes, 
will disrupt their quality of life and independence 
in the years ahead. Furthermore, lifestyle choices 
which can result in early onset of osteoporosis 
will be considered. Current evidence concerning 
the place of nutritional supplements is also 
summarized.

Key components of a ‘bone 
healthy’ diet

CALCIUM

At all ages, calcium plays a key role in bone health. 
Calcium is absorbed in the small intestine both 
passively and by an active transport mechanism 
which requires vitamin D. In addition to 
mineralizing the skeleton, calcium plays a critical 
role in nerve and muscle function. An inadequate 
intake of calcium results in lower levels of calcium 
in the blood. When this occurs a highly effective 
compensation mechanism is initiated. Calcium-
sensing receptors (CaSR) located on the parathyroid 
glands, which are small endocrine glands located in 
the neck, act as a highly accurate sensor of blood 
calcium levels102. When blood calcium becomes 
too low, PTH is released, which increases levels by 
several mechanisms:

Bone
Remodeling

Cycle

Osteoclasts
Bone Resorption
Bone resorption begins when 
osteoclasts remove a portion of the 
bone to be replaced later by the 
action of osteoblasts. This is a vital 
step for signaling bone formation.

Osteoblasts
Bone Formation

Osteoblasts lay down collagen and 
mineral deposits over the area 

previously remodeled by 
osteoclasts. Osteoblast activity is 

vital for maintaining bone mineral 
density and bone strength.

Resorption

Reversal

Formation

FIGURE 4 Bone renewal throughout the 
life-course through the remodelling cycle

FOOD SERVING SIZE CALCIUM (mg)

Milk 200 ml 240

Yoghurt natural 150 g 207

Hard cheese (Parmesan, Cheddar,…) 30 g 240

Kale, collard greens 50 g (raw) 32

Sesame seeds 15 g 22

Rice pudding 200 g 210

Fish (Cod, Trout, Herring, Whitebait) 120 g 20

Pasta (cooked) 180 g 26

Figs, dried 60 g 96

Tofu 120 g 126

TABLE 4 Calcium rich foods across a range of food groups
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 § Stimulating osteoclast cells to resorb bone and 
release calcium by acting on the osteoblast

 § Increasing gastrointestinal calcium absorption 
by activating vitamin D

 § Reabsorption of calcium by the kidneys

Milk and other dairy foods are the most readily 
available sources of calcium in the diet. Other 
good food sources of calcium include certain green 
vegetables (e.g., broccoli, curly kale, bok choy); 
whole canned fish with soft, edible bones such 
as sardines or pilchards; nuts (almonds and Brazil 
nuts in particular); and tofu set with calcium. The 
amounts of calcium available from these foods is 
shown in Table 4. 

It should also be noted that some mineral waters 
and tap waters provide a valuable source of 
calcium, which can also be helpful to people 
who are lactose intolerant. For example, calcium 
concentration of tap water varies from 1 mg/L 
to 135 mg/L across the USA and Canada, and 

filtration can remove almost 90% of calcium103. 
Some mineral waters have been shown to have 
more than 200 mg/L. For people who choose to 
obtain a proportion of their dietary calcium intake 
from water, it is important to know precisely how 
much calcium is present in the water they drink.

Recommendations on dietary calcium intake for 
adults from leading organizations are consistent:

 § Australia: National Health and Medical 
Research Council Recommended Dietary Intake 
(RDI) for calcium for adults aged 19–50 years is 
1,000 mg/day104

 § USA: IOM Dietary Reference Intake for calcium 
for adults aged 19–50 years is 1,000 mg/day32

 § World Health Organization/Food and 
Agriculture Organization of the United 
Nations: WHO/FAO Dietary Reference Intake 
for calcium for adults aged 25–50 years is 
1,000 mg/day105

REGION & 
COUNTRY

AGE
(years)

DRIa 
(mg/day)

CALCIUM INTAKE (mg/day)
STUDY

male female

Europe

Austria

19-79 >1,000 561 (±290)b 576 (±309)b

Kudlacek et al106<40 1,000 604 (±345)b 560 (±299)b

40-60 >1,000 590 (±318)b 561 (±287)b

Germany

18-79 >1,000 1,181  
(902-1,535)

1,082  
(849-1,379) Hintzpeter et al107

Adults 1,000 619 (213-1,025) 705 (313-1,094) Anke108

40-64 >1,000 774 (334-1,330)c 707 (287-1,225)c Schulze et al109

UKf 45-55 1,000 1,133  
(950-1,316)

1,063  
(931-1,195) Vyas et al110

North America

USA 19-50 1,000 812 (788-837) 626 (596-659) Ma et al111

South-East Asia

Bangladesh 16-40 1,000 180d Islam et al112

Indonesia 18-40 1,000 270 (239-302)e Green et al113

Malaysia 18-40 1,000 386 (353-420)e Green et al113

South Pacific

Australia 20-94 >1,000 643 (±340)b Pasco et al114

New Zealand 40-64 >1,000 794 (8-1,580)d 794 (8-1,580)d Metcalf et al115

aDaily recommended intake FAO/WHO105 • bMean (±SD) • cMean (10th and 90th centiles) • dMean (range) • eMean (95% CI) • fWhite, urban 
population

TABLE 5 Nutritional calcium deficit in selected countries (reproduced with kind permission of 
Professor Meinrad Peterlik)52
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Accordingly, it is of considerable concern that a 
major shortfall in calcium intake has been reported 
from many countries, as illustrated in Table 5.

The observed deficit in calcium intakes raises the 
question of the role of calcium supplements in 
healthy individuals. An ongoing debate in the 
scientific community has sought to establish the 
risk-benefit ratio of calcium supplementation with 
respect to beneficial effects on bone health as 
compared to adverse impacts on the cardiovascular 
system. Supplements should be used only as needed 
to bring total calcium intake to the recommended 
level in healthy adults.

VITAMIN D

Vitamin D has a beneficial effect on bone health 
throughout life, operating through a number of 
physiological mechanisms:

 § Assisting calcium absorption from food in the 
intestine116

 § Ensuring correct renewal and mineralization of 
bone117

 § Down regulation of PTH so reducing PTH-
induced bone loss118,119

 § Increasing BMD120

 § Directly stimulating muscle tissue and so 
reducing falls risk121,122

The primary source of vitamin D comes from 
sun exposure, which triggers synthesis in the 
skin. However, as highlighted earlier, vitamin D 
insufficiency has become a global problem due to 
factors such as increasingly indoor lifestyles. Very 
few foods are naturally rich in vitamin D but some 

good sources are highlighted in Table 6. The IOM 
RDA for vitamin D for adults aged 19–70 years (as 
cholecalciferol) is 600 IU per day (15 µg/day)32.

In 2009, an IOF Working Group published a review 
of global vitamin D status and determinants of 
hypovitaminosis D123. As reported previously for 
children and adolescents, low levels of vitamin D 
are also highly prevalent for adults throughout the 
world, as illustrated by the IOF vitamin D status map 
in Figure 577.

Adults at elevated risk of having inadequate levels 
of vitamin D include:

 § Inhabitants of latitudes with minimal exposure 
to sunlight

 § Individuals who are obese

 § Individuals with a darker skin tone

FOOD VITAMIN D (IU/100 g)*

Wild salmon 600-1000

Farmed salmon 100-250

Sardines, canned 300-600

Mackerel, canned 250

Tuna, canned 236

Cod liver oil 400-1000 per tablespoon

Shiitake mushrooms, fresh 100

Shiitake mushrooms, sun dried 1600

Egg yolk 20 per yolk

*per 100g unless otherwise stated
IU: International Unit

TABLE 6 Natural nutritional sources of vitamin D

Copyright © Free Vector Maps.com

25-49 nmol/L < 25 nmol/L> 75 nmol/L 50-74 nmol/L

Vitamin D level

FIGURE 5 IOF map of vitamin D status in 
adults
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 § Individuals who cannot expose their skin to the 
sun for medical or cultural reasons

 § Individuals with diseases that reduce uptake of 
vitamin D from the intestine

While population screening for vitamin D deficiency 
is not recommended, measurement of serum 
25(OH)D in high risk individuals enables assessment 
of response to supplementation and the need for 
dose adjustment124. In 2013, the U.S. Preventive 
Services Task Force (USPSTF) evaluated the effects 
of vitamin D supplementation, with or without 
calcium, on bone health outcomes in community-
dwelling adults125. The USPSTF reached the 
following conclusions:

 § The current evidence is insufficient to assess the 
balance of the benefits and harms of combined 
vitamin D and calcium supplementation for 
the primary prevention of fractures in healthy 
premenopausal women or in men

 § The current evidence is insufficient to assess 
the balance of the benefits and harms of daily 
supplementation with greater than 400 IU 
of vitamin D3 and greater than 1000 mg of 
calcium for the primary prevention of fractures 
in noninstitutionalized postmenopausal women

PROTEIN

Protein is a source of amino acids which are 
needed to maintain bone structure. Protein also 
stimulates IGF-l release, which may increase 
production of bone matrix by increasing osteoblast 
activity. In 2009, the first systematic review and 
meta-analysis of the relationship between dietary 
protein and bone health in healthy human adults 
was published126. The investigators reported a 
positive association between protein intake and 
BMD and BMC, and a reduction in markers of bone 
resorption. Whilst the effect size was small, and a 
relationship between dietary protein and fracture 
risk was not identified, current healthy eating 
guidelines were considered appropriate with respect 
to bone health.

VITAMIN K

Vitamin K is required to make osteocalcin, which 
is the second most abundant protein in bone after 
collagen. Epidemiological studies have suggested 
that diets high in vitamin K are associated with a 
lower risk of hip fractures in older people127. Good 
food sources of vitamin K include leafy green 
vegetables such as lettuce, spinach, cabbage and 
kale, liver, some fermented foods such as fermented 
cheeses and natto (fermented soybeans) and dried 
fruit (e.g. prunes). Randomized controlled trials of 
vitamin K1 or K2 supplementation did not increase 
BMD at major sites128. Accordingly, further studies 

are needed to determine the role of vitamin K 
supplements for the prevention and treatment of 
osteoporosis.

B VITAMINS AND HOMOCYSTEINE

Homocysteine is an amino acid which can interfere 
with collagen synthesis, the main protein in bone. 
When blood levels of vitamin B6, vitamin B12 
and folic acid are low, homocysteine levels can 
rise. Accordingly, inadequacy of B vitamins could 
compromise bone health, a notion supported by 
observational studies which found an association 
between high homocysteine levels and lower 
BMD129, and increased hip fracture risk in older 
people130. However, a 2014 review concluded that 
inconsistencies within the current evidence base 
necessitate definitive studies to be conducted to 
evaluate the role of B vitamins in prevention of 
osteoporosis131.

VITAMIN A

The role of vitamin A in bone health is 
controversial132. High intake of preformed vitamin 
A, which can be obtained from animal food sources 
such as liver, other offal and fish oils, has been 
associated with osteoporosis and hip fracture. 
However, carotenoids, which are precursors to 
vitamin A, have been associated with improved 
bone health. Carotenoids can be obtained from 
green leafy vegetables, carrots, pumpkins, red and 
yellow peppers, mangoes, papaya and apricots. 
Taking fish oil supplements and a multivitamin 

For both men and 
women, more than 
two units per day of 
alcohol can increase 
the risk of suffering 
a fragility fracture, 
while more than 
four units per day 
can double fracture 
risk 
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supplement concurrently could lead to excessive 
intake of vitamin A, so many countries caution 
against doing so.

MAGNESIUM

Approximately half of total body magnesium 
is stored in the skeleton133. Magnesium plays 
an important role in bone formation through 
stimulating proliferation of osteoblasts. Magnesium 
deficiency is rare in well-nourished populations. 
However, because magnesium absorption decreases 
with age, the elderly can be at risk of mild 
magnesium deficiency. Good sources of magnesium 
include green vegetables, legumes, nuts, seeds, 
unrefined grains, fish and dried fruit (apricots, 
prunes, raisins).

ZINC

Zinc plays a role in bone tissue renewal and 
mineralisation. Zinc deficiency is usually associated 
with calorie and protein malnutrition, and has been 
reported to be common in community-dwelling older 
people134. While vegetarian diets do not necessarily 
have lower zinc intakes, the bioavailability of zinc 
may be lower for vegetarians, so higher intakes may 

be required135. Sources of zinc include lean red meat, 
poultry, whole grain cereals, pulses, legumes and 
dried fruit (peaches, prunes, apricots).

Acid-base balance of the diet

The notion that high dietary acid content may cause 
bone loss has been the subject of debate in the lay 
media in recent years. In 2011, a systematic review 
and meta-analysis of the scientific literature sought 
to evaluate causal relationships between dietary 
acid load and osteoporosis136. The investigators 
concluded that no association was evident and, 
conversely, that there is no evidence that an alkaline 
diet is protective of bone health. A limitation of this 
meta-analysis was that the primary studies were 
not weighted for sample size, and that young and 
older subjects were included. More recent studies 
have evaluated the impact of potassium citrate 
supplementation on calcium balance137, bone density, 
microarchitecture, and fracture risk prediction by 
FRAX®138. Positive findings from these comparatively 
small-scale studies make the case for larger and 
longer studies evaluation to determine the impact of 
supplementation with alkaline salts of potassium (i.e. 
citrate or bicarbonate) on fracture incidence.

Lifestyle factors that can negatively affect bone health

Alcohol

For both men and women, more than two units per day of alcohol can increase the risk of suffering a fragility 
fracture, while more than four units per day can double fracture risk139. If an individual chooses to drink, 
moderation is the bone healthy choice. Up to two 120 mL glasses of wine per day do not negatively impact on 
bone health.

Caffeine

Caffeine increases urinary and faecal calcium losses and so, in combination with a diet low in calcium, has the 
potential to adversely affect bone health140. A Swedish study suggests that caffeine intake at 330 mg per day 
(i.e. four cups /600 mL) could be associated with a 20% increase in risk of osteoporotic fractures as compared 
to caffeine intake of less than 200 mg per day141. However, increasing calcium intake by 40 mg for every cup of 
caffeine containing coffee consumed counter balances the potential for loss142.

Under-nutrition and over-nutrition

BMI is a measure of how lean someone is and can be used to assess risk for osteoporosis143. A BMI between 
20–25 kg/m2 is generally considered to be ideal. A BMI below 19 is considered underweight and is a risk factor 
for osteoporosis. Emerging data also suggests that the belief that obesity is protective against osteoporosis may 
be flawed144. In 2010, analysis from Addenbrookes Hospital in the UK reported a surprisingly high prevalence of 
obesity in postmenopausal women presenting with fragility fractures145. Furthermore, the Global Longitudinal 
Study of Osteoporosis in Women (GLOW) has reported that obese women with fracture undergo a longer period 
of hospitalization for treatment and have poorer functional status and health-related quality of life than non-
obese women146.
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The special nutritional 
needs of seniors: fighting 
frailty and reducing falls 

and fractures

THE PRIMARY OBJECTIVE FOR SENIORS IS TO PREVENT AND 

TREAT OSTEOPOROSIS.
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Malnutrition in the elderly

Malnutrition is highly prevalent in the elderly147. 
With regards to calcium, vitamin D and protein, a 
number of factors can contribute to inadequate 
availability of these key nutrients for bone health:

Calcium

 § Decreased overall dietary energy intake, 
including sources of calcium

 § Decreased intestinal absorption of calcium, 
exacerbated by low vitamin D status

 § Decreased capacity of intestinal cells to adapt to 
low calcium intake

 § Decreased retention of calcium by the kidneys

Vitamin D

 § Less frequent exposure to sunlight for the 
housebound

 § Decreased capacity of the skin to synthesize 
vitamin D

 § Decreased renal capacity to convert vitamin D 
to its active form

Protein

 § Decreased anabolic responses to ingested 
protein

 § Increased need for protein to offset 
inflammatory and catabolic conditions

Calcium, vitamin D and protein 
requirements

A number of expert groups have published 
guidance on nutrients important to bone health 
in the elderly. The dietary reference intakes for 
calcium, vitamin D and protein recommended by 
the IOM are shown for the general population aged 
50–70 years and over 70 years in Table 7. IOM 

concluded that a 25(OH)D level of 40 nmol/L (16ng/
mL) covers the requirements of approximately half 
the population, while a 25(OH)D level of 50 nmol/L 
(20ng/mL) covers the requirements of ≥97.5% of 
the population. The IOM protein recommendations 
are based on an intake of 0.8 g/kg/day for adults.

The following recommendations from learned 
societies are focused on care of patients with or 
at increased risk for osteoporosis. These generally 
recommend higher intakes or 25(OH)D levels than 
the IOM.

In 2010, IOF published a position statement on 
vitamin D recommendations for older adults148. In 
order to determine the level of serum 25(OH)D that 
was required to prevent falls and fractures, results 
from meta-analyses were considered122,149. With 
respect to falls, a mean serum level of 25(OH)D of at 
least 60 nmol/L (24 ng/mL) is needed for optimal falls 
risk reduction122. With respect to fractures, the mean 
serum levels of 25(OH)D associated with reduced 
risk of non-vertebral fracture and hip fractures were 
66 nmol/L (26.4 ng/mL) and 74 nmol/L (29.6 ng/
mL), respectively149. Accordingly, the IOF Working 
Group proposed a target level of 25(OH)D for older 
individuals of 75 nmol/L (30 ng/mL).

The estimated average vitamin D requirement for 
older adults to achieve a serum 25(OH)D level of 75 
nmol/L (30 ng/mL) is 20 to 25 µg per day (800–
1,000 IU per day). However, considerably higher 
doses would be needed to ensure that almost all 
older adults achieved the target level. In high-risk 
individuals, measurement of serum 25(OH)D  
is recommended. The required dose of vitamin D 
could be estimated based upon the notion that 
each 2.5 µg (100 IU) per day added will increase 
serum 25(OH)D by about 2.5 nmol/L (1 ng/mL)150. 
Re-testing after three months of supplementation 
is recommended for high-risk individuals to confirm 
that target levels have been achieved.

In 2011, an Endocrine Society Task Force published 
a Clinical Practice Guideline on the evaluation, 
treatment, and prevention of vitamin D deficiency35. 
The key recommendations of this guideline of 
relevance to older people were:

AGE GENDER CALCIUM RDA 
(mg/day)

VITAMIN D RDA 
(IU/day)

PROTEIN RDA 
(g/day)

51-70 years
Female 1,200 600 46

Male 1,000 800 56

>70 years
Female 1,200 600 46

Male 1,200 800 56

TABLE 7 U.S. Institute of Medicine, vitamin D and protein dietary reference intakes for older 
people and the elderly32
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 § Screening for vitamin D deficiency in individuals 
at risk for deficiency is recommended, while 
population screening in individuals who are not 
at risk is not recommended

 § Adults aged 50–70 years and over 70 years 
require at least 600 and 800 IU per day, 
respectively, of vitamin D. However, to raise the 
blood level of 25(OH)D above 75 nmol/L (30 ng/
mL) may require at least 1500–2000 IU per day 
of supplemental vitamin D

 § Adults who are vitamin D deficient should be 
treated with 50,000 IU of vitamin D2 or vitamin 
D3 once a week for 8 weeks or its equivalent 
of 6000 IU of vitamin D2 or vitamin D3 daily 
to achieve a blood level of 25(OH)D above 75 
nmol/L (30 ng/mL), followed by maintenance 
therapy of 1500–2000 IU per day

In 2012, the European Union Geriatric Medicine 
Society (EUGMS), in cooperation with other 
scientific organizations, established an International 
Study Group (the PROT-AGE Study Group) to 
review dietary protein needs with ageing. In 
2013, the PROT-AGE Study Group published a 
position paper which provided the following key 
recommendations151:

 § To maintain physical function, older people 
need more dietary protein than do younger 
people; older people should consume an 
average daily intake at least in the range of 
1–1.2 g/kg body weight/day

 § Most older adults who have an acute or 
chronic disease need even more dietary protein 
(i.e. 1.2–1.5 g/kg body weight/day); people 
with severe illness or injury or with marked 
malnutrition may need as much as 2.0 g/kg 
body weight/day

 § Older people with severe kidney disease who 
are not on dialysis (i.e. estimated Glomerular 
filtration rate (GFR) < 30 mL/min/1.73m2) are 
an exception to the high-protein rule; these 
individuals need to limit protein intake

 § Protein quality, timing of intake, and amino 
acid supplementation may be considered so as 
to achieve the greatest benefits from protein 
intake, but further studies are needed to make 
explicit recommendations

 § In combination with increased protein intake, 
exercise is recommended at individualized levels 
that are safe and tolerated

The Position Paper also comments specifically 
on the subject of protein requirements for hip 
fracture patients and people with osteoporosis. 

Supplementary protein or higher dietary intake of 
protein by older people who have been hospitalized 
with hip fracture has been shown to improve bone 
density126,152, reduce the risk of complications153-155 
and reduce rehabilitation time152. Among older 
people with osteoporosis, higher BMD has been 
reported when protein intake was at levels higher 
than 0.8 g/kg body weight/day or was 24% of total 
energy intake126,156-158.

In 2014, the European Society for Clinical and 
Economic Aspects of Osteoporosis and Osteoarthritis 
(ESCEO) published a consensus statement on the 
role of dietary protein and vitamin D in maintaining 
musculoskeletal health in postmenopausal women159. 
Key recommendations included:

 § Optimal dietary protein intake of 1.0–1.2 g/kg 
body weight/day with at least 20–25 g of high-
quality protein at each main meal

 § Vitamin D intake of 800 IU per day to maintain 
serum 25(OH)D levels greater than 50 nmol/L 
(20 ng/mL)

 § Calcium intake of 1,000 mg per day

 § Regular physical activity/exercise 3–5 times per 
week combined with protein intake in close 
proximity to exercise

A common theme is evident among all of these 
guidelines; adequate dietary intake of calcium, 
vitamin D and protein is an essential component of 
effective bone care for older people.

Preventing 
muscle wasting 
is important 
because it lowers 
the risk of falls 
and associated 
injuries, including 
fragility fractures
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Impact of nutrition on muscle in 
seniors

As we age, in addition to declining bone mass, we 
can lose muscle mass and strength. This process is 
known as sarcopenia, from Greek sarx (flesh) and 
penia (poverty), and commonly referred to as age-
related muscle wasting. Akin to the trajectory for 
development and subsequent loss of bone mass, 
skeletal muscle mass and strength reach a peak in 
the early adult years and then gradually decline as 
illustrated in Figure 6. Preventing muscle wasting 
is important because it lowers the risk of falls and 
associated injuries, including fragility fractures.

In 2010, the European Working Group on Sarcopenia 
in Older People (EWGSOP) developed a practical 
clinical definition and consensus diagnostic criteria 
for age-related sarcopenia161. A diagnosis of 
sarcopenia is dependent on the presence of both 
low muscle mass and low muscle function (i.e. 
strength or performance). EWGSOP applied these 
characteristics to further define conceptual stages as 
‘presarcopenia’, ‘sarcopenia’ and ‘severe sarcopenia’. 

A wide range of tools were reviewed that can be 
used to measure the specific variables of muscle 
mass, muscle strength and physical performance.

One of the first applications of the EWGSOP 
recommendations was to determine the prevalence 
of sarcopenia in the Hertfordshire Cohort Study 
(HCS) population in the UK162. Two techniques were 
used to assess individuals: using the lowest third of 
DXA lean mass (LM) and the lowest third of skin-
fold-based fat-free mass (FFM) as markers of low 
muscle mass. Among 103 community-dwelling 
men participating in the Hertfordshire Sarcopenia 
Study (HSS, average age 73 years), the prevalence 
of sarcopenia was 6.8% and 7.8% when using the 
lowest third of DXA LM and FFM, respectively. The 
prevalence of sarcopenia among the 765 HCS male 
and 1,022 HCS female participants (mean age 67 
years) was 4.6% and 7.9%, respectively.

In 2013, the IOF Nutrition Working Group published 
a position paper on the impact of nutrition on 
muscle mass, strength and performance in older 
adults160. As protein plays an important role in 
muscle health, an intake of 1–1.2 g/kg of body 
weight per day was recommended. Review of 
the scientific literature identified a moderate 
relationship between vitamin D and muscle 
strength, suggesting a role for vitamin D in the 
development and preservation of muscle mass and 
function. Furthermore, the authors concluded that 
the acid-base balance of the diet plays an important 
role in maintaining muscle mass.

Treatment of osteoporosis

It is among seniors that the majority of 
pharmacological treatment for osteoporosis should 
be deployed. As highlighted by the IOF Capture the 
Fracture® Campaign163,164, a pervasive and persistent 
osteoporosis care gap is evident among the most 
obvious group of older people who are at high risk of 
suffering fragility fractures in the future, namely those 
who have suffered fragility fractures in the past. Major 
efforts are ongoing throughout the world to eliminate 
this care gap through widespread implementation of 
Fracture Liaison Services (FLS)165-170.
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Meta-analysis of the principal agents licensed for 
the treatment of osteoporosis suggests that a 
30–50% reduction in fracture incidence can be 
achieved during 3 years of pharmacotherapy171. We 
now have a broad choice of effective agents that 
can be taken as daily, weekly or monthly tablets, or 
as daily, quarterly, six-monthly or annual injections. 
The 2013 and 2014 World Osteoporosis Day 
Reports considered in detail how these treatments 
should be used to prevent fractures in women and 
men, respectively100,101. As health systems take 
steps to eliminate the secondary prevention care 
gap, the advent of absolute fracture risk calculators 
such as FRAX® provide health professionals with an 
opportunity to deliver primary fracture prevention in 
a systematic way172,173.

Given the human and economic scale of the threat 
that fragility fractures pose to mankind, urgent 
action is required on a global scale. In China alone, 
the number of fragility fractures occurring annually 
is projected to increase from 2.33 million cases 
in 2010 to 5.99 million cases by 2050174. As the 
population of the world ages, failure to implement 
the evidence base we have for fracture prevention is 
not an option.

The need for pharmacological management

Although bone healthy nutrition, exercise, and avoidance of negative lifestyle habits are important throughout 
the life-course, drug therapies are critical for fracture protection in high-risk patients. 

The anti-fracture efficacy of approved treatments for postmenopausal women and men with osteoporosis when 
given with calcium and vitamin D varies from between 30-50%. When prescribing a specific pharmacologic 
treatment, the physician will take into account the patient’s individual risk profile including the risk for a specific 
type of fractures (spine versus hip), co-morbid conditions, poly-pharmacy, and the patient’s preference. Finally, 
cost and cost-effectiveness considerations, insurance plans, and national health policies will undoubtedly affect 
the choice of therapeutic options.

Common types of drug treatments, not all available in all countries, include: 

 § Bisphosphonates (alendronate, risedronate, ibandronate, zoledronic acid )

 § Denosumab 

 § Hormone Replacement Therapy

 § SERMs: Raloxifene 

 § Strontium ranelate 

 § Parathyroid Hormones: Teriparatide and PTH(1-84) 

Poor adherence to osteoporosis medication is a major challenge. Unfortunately, up to half of patients stop their 
treatment after only one year. Patients need to be encouraged to remain on their prescribed treatment and to 
consult their doctors if they are experiencing problems taking their medication.

Although adopting 
bone-healthy 
behaviours 
are important 
throughout the 
life-course, drug 
therapies are 
critical for fracture 
protection in high 
risk patients
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Diseases and disorders 
that affect nutritional 

status

DISEASES OF THE GASTROINTESTINAL SYSTEM CAN AFFECT 

NUTRIENT ABSORPTION PUTTING PEOPLE AT INCREASED RISK 

OF OSTEOPOROSIS AND FRACTURES. IT IS RECOMMENDED 

THAT IN SUCH CASES INDIVIDUALS HAVE THEIR NUTRIENT 

STATUS CHECKED.
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Inflammatory bowel disease

IBD refers to a number of diseases which are 
characterized by inflammation of the bowel. The 
most common of such disorders are Crohn’s disease 
and ulcerative colitis:

 § Crohn’s disease causes ulcers throughout the 
small and large intestine

 § Ulcerative colitis usually causes ulcers in the 
lower part of the large intestine

Symptoms of these disorders tend to occur 
intermittently, and include diarrhoea, abdominal 
cramps and pains, fever and weight loss. A number 
of factors predispose sufferers to be at increased 
risk of bone loss and fragility fractures:

 § Poor food intake and nutritional status

 § Poor absorption of nutrients by the damaged 
intestine (including calcium, vitamin D, protein 
and calories)

 § Surgery to remove parts of the intestine

 § Treatment with glucocorticoid medications to 
reduce the inflammation

 § Hormonal modifications induced by the 
gastrointestinal disease

 § Release of cytokines as part of the 
inflammatory process, which increase the loss 
of calcium from bone

A large-scale analysis of the Taiwan National 
Health Insurance Research Database identified 
specific predictors for osteoporosis and fractures 
among IBD sufferers175. As compared to age- 
and sex-matched controls, IBD sufferers had 
significantly higher rates of osteoporosis (approx. 
30%), with those requiring hospitalization for IBD 
having considerably increased risk for osteoporosis 
and fractures.

Osteoporosis prevention measures need to be 
included in the overall care strategy for patients 
with these disorders, including ensuring an 
adequate calcium and vitamin D intake either 
through diet or supplements. Other measures to 
prevent bone loss include avoidance of excessive 
alcohol intake and smoking, and taking regular 
weight-bearing exercise. Osteoporosis medications 
may be recommended for some patients, 
for example older patients taking long-term 
glucocorticoid therapy and those with prior fragility 
fractures, as determined by the doctor.

Coeliac disease

Coeliac disease (CD) is a genetically mediated 
autoimmune disease characterized by intolerance 
to gluten (a protein group) found in wheat, rye and 
barley. It is also sometimes referred to as coeliac 
sprue, gluten-sensitive enteropathy, or simply gluten 
intolerance, and is a relatively common disorder 
thought to affect about 0.5–1% of the population. 
A 2014 multicentre study from the UK reported 
that CD accounts for 1 in 31 referrals in secondary 
care to unselected gastroenterology clinics176. Those 
affected suffer damage to the villi, the tiny finger-
like protrusions lining the surface of the intestine 
that are involved in the absorption of nutrients from 
food. Symptoms include diarrhoea, weight loss, 
anaemia, fatigue, muscle cramps and nutritional 
deficiencies, and the disorder has to be controlled 
by strict adherence to a gluten-free diet.

People with CD may be at increased risk of 
osteoporosis if the disorder goes undiagnosed or 
is poorly controlled, due to inadequate nutrient 
absorption from food (including calcium and 
vitamin D), sometimes leading to frank malnutrition. 
Rates of CD are commonly found to be higher 
among patients with osteoporosis than those 
without osteoporosis. Consequently, as CD can 
sometimes have no symptoms, doctors may test 
for the condition when an individual is found to 
be osteoporotic. It may also be ‘discovered’ when 
a patient who is vitamin D-deficient shows no 
response (i.e. blood levels don’t change) to being 
given a large therapeutic dose of vitamin D. 

In 2014, the British Society of Gastroenterology 
(BSG) published guidelines on the diagnosis and 
management of adult CD177. Recommendations 
relating to bone health include:

 § Bone density should be measured after one 
year of diet in patients who have additional risk 
factors for osteoporosis or if over the age of 55 
years

 § Adult patients with CD should have a calcium 
intake of at least 1,000 mg per day

 § A gluten-free diet is the core management 
strategy for prevention of osteoporosis

Lactose maldigestion and 
intolerance

When people are unable to digest all the lactose 
they have eaten, they are said to have lactose 
maldigestion. It results from a deficiency in the 
enzyme lactase, produced in the small intestine, 
which is responsible for breaking down lactose 
(the principal sugar found in milk) into simpler 
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sugars, which are then absorbed by the body. The 
term lactose intolerance refers to the abdominal 
symptoms (e.g., cramps, bloating) resulting from 
the inability to digest lactose. The prevalence of 
lactose intolerance varies significantly between races 
and as a function of age. A systematic literature 
review published in 2010 reported178:

 § Prevalence of lactose intolerance is very low 
in children and remained low into adulthood 
among individuals of Northern European 
descent

 § Prevalence of lactose intolerance in African 
American, Hispanic, Asian, and American 
Indian populations may be 50% higher in late 
childhood and adulthood

In 2010, the U.S. National Institutes of Health (NIH) 
published a consensus development conference 
statement on lactose intolerance and health179. Key 
components of the statement included:

 § Lactose intolerance is a real and important 
clinical syndrome, but its true prevalence is not 
known

 § The majority of people with lactose 
malabsorption do not have clinical lactose 
intolerance. Many individuals who think 
they are lactose intolerant are not lactose 
malabsorbers

 § Many individuals with real or perceived lactose 
intolerance avoid dairy and ingest inadequate 
amounts of calcium and vitamin D, which 
may predispose them to decreased bone 
accrual, osteoporosis, and other adverse health 

outcomes. In most cases, individuals do not 
need to eliminate dairy consumption completely

 § Evidence-based dietary approaches with and 
without dairy foods and supplementation 
strategies are needed to ensure appropriate 
consumption of calcium and other nutrients in 
lactose-intolerant individuals

 § Educational programmes and behavioural 
approaches for individuals and their health-care 
providers should be developed and validated 
to improve the nutrition and symptoms of 
individuals with lactose intolerance and dairy 
avoidance

As stated by the NIH group, being lactose intolerant 
does not necessarily preclude all dairy products 
from the diet; some people with this disorder can 
still drink small quantities of milk without suffering 
any symptoms. In some countries lactose-reduced 
milks are available. Yoghurt with live cultures can 
often be tolerated, because the bacteria in the 
cultures produce the enzyme lactase, and some 
hard cheeses contain only negligible amounts of 
lactose. Another alternative is to take lactase tablets 
or drops along with dairy foods. Other foods and 
drinks can provide good sources of calcium, such as 
green leafy vegetables, nuts, canned fish with soft, 
edible bones such as salmon and sardines, calcium-
fortified beverages and calcium-rich mineral waters.

People who are lactose intolerant should 
consult with their doctor to discuss the best 
way of ensuring adequate calcium intake, either 
through diet, or if necessary, through the use of 
supplements.
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