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Diet and osteoporosis
E D I T O R :  S U S A N  L A N H A M - N E W
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Nutritional strategies to optimize bone
health throughout the life course
AILSA GOULDING, ANDREA GRANT

K E Y  P O I N T S

1. Because strong bones are harder to break than weak ones, it is important for every
person to grow a strong skeletal framework in youth, achieve their genetic peak
bone mass, and then maintain bone mass above the fracture threshold lifelong.

2. Nutrients needed to grow, mineralise and repair bone are ultimately derived from
the food we eat, so maintaining a balanced, varied diet is of critical importance to
bone health.

3. Nutritional needs vary with stage of life, because requirements for growth of bone
mass differ from those for maintaining bone mass, and because the efficiency of
alimentary absorption may decrease in old age.

4. Hormonal status also profoundly affects bone mass, with low oestrogen leading to
rapid loss of bone mass.

5. Particular attention should be paid to intakes of protein, calories and calcium, to
maintaining good vitamin D status, keeping a healthy body weight and undertaking
regular weight-bearing physical activity. 

6. Interventions to counter nutritional inadequacies are worthwhile and should be
mandatory in those with established osteoporosis or conditions associated with
elevated risks of osteopenia.

Introduction
Healthy bones are strong bones. If we are to remain fracture-free lifelong it is
therefore desirable to grow a strong skeleton in youth, maintain this in middle life,
and then slow the age-related bone loss that makes the elderly skeleton osteo-
porotic and fragility fractures more likely after minor falls. Sensible, balanced
nutrition plays an important part in keeping our bones fighting fit during all

1
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phases of life (Fig. 1.1, Table 1.1). After all, bone is a living collagenous tissue, and
the nutrients needed to grow it, mineralize it and enable effective running repairs
to be made by bone cells are ultimately derived from the food we eat.

The skeleton is a unique organ in that it serves not only as the mechanical scaf-
fold of the body, enabling muscles to move us around, but also as the body bank of

4 PART I Diet and osteoporosis

� Keep active (to stimulate interest in food and appetite and load the bones)

� Eat a variety of foods to satisfy nutrient requirements

� Match calorie intake to energy expenditure (to maintain healthy body weight)

� Make sure the diet provides plenty of protein

� Eat plenty of vegetables and fruit (to improve acid–base status and supply vitamin C)

� Consume calcium-rich foods every day (to slow bone resorption and conserve mass)

� Select low-fat dairy products (if concerned about lipid health or body weight)

� Limit excessive intakes of salt (these push up urinary calcium losses)

� Alcohol intake should be moderate not excessive

� Prefer calcium-rich beverages to nutrient-poor, calorie-rich drinks

� Take white coffee not black (to counter calciuric effects of caffeine)

� Examine nutritional labels (many foods are fortified unexpectedly)

� Consider use of fortified foods or mineral supplements if energy intake is low

� Boost vitamin D status if ultraviolet exposure is low (supplements or fortified foods)

Table 1.1 Practical tips for daily food choices to benefit bone

Eat wisely

Achieve good
peak bone
mass

Maintain
healthy body
weight

Keep active

Avoid falls

Safeguard
vitamin D
status

Live in a safe environment

Avoid bone-thinning behaviours

Fig. 1.1 Principles to grow
strong bones and avoid
fractures.
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calcium, which is the principal mineral in bone hydroxyapatite. Net changes in
bone mass can be evaluated from net changes in bone mineral, which can be
measured safely and accurately by dual energy X-ray absorptiometry |1|. At birth
the skeleton is quite small, containing only 25–30 g of calcium. In contrast,
healthy young adult males have about 1200 g and females approximately 1000 g of
this mineral in their skeletons. However, we take calcium out of bone whenever we
absorb insufficient calcium from the food we eat to offset obligatory losses of cal-
cium in excretory products. Parathyroid hormone mediates this process. Changes
in bone mass over the life course are large, particularly at vulnerable sites, such as
the forearm, spine and hip. Thus many osteoporotic patients have lost more than
40% of their total peak bone mass! It is not surprising that continued bone resorp-
tion such as this weakens the complex microstructure of the bones, and facilitates
fractures. As more people live longer, good nutrition becomes of increasing
importance in preventing osteoporotic fractures.

Early life
Adequate nutrition is important from inception and throughout pregnancy. Thus
the nutritional needs of both mother and child must be considered |2|. Breast-
feeding should then be encouraged to give children a good skeletal start. A hostile
intrauterine environment and poor infant and early growth may have long-lasting
ill-effects for the skeleton |3|. Birth weight is linked to adult bone mineral content
|4| and remarkably, there is evidence that low birth weight relates to higher rates of
osteoporotic fracture in late adult life |5|. Similarly, inadequate nutrition in early
childhood may have persisting adverse effects on bone. Adults who consumed
milk less than once a week in childhood and adolescence have higher rates of
osteoporotic fractures later in life, than those who consumed milk daily in their
youth |6|. Because insulin-like growth factor (IGF-1) plays an important part in
increasing linear growth and bone size |7|, bone development may be compro-
mised by low IGF-1 levels. Consumption of milk |8–11| and animal protein
|12–14| elevate blood levels of IGF-1, in both young and old. Interestingly, chil-
dren who habitually avoid drinking milk and make no compensatory dietary
changes, have small skeletons |15| and are short and fracture-prone |16|: their
osteopenia persists, (particularly in the ultradistal forearm) as they grow |17|.
Prematurity is also associated with increased risks of fracture during childhood
|18,19|. Levels of IGF-1 in cord blood are lower in lower-weight babies |20| and
premature infants have lower lean mass |21| and lower bone mineral content than
those born full term, both in childhood and later life |22|. The reduced bone
accrual associated with prematurity may well be a consequence of these chronic
reductions in muscular forces, which are critically important to bone develop-
ment |23|. Bone mineral is more closely associated with lean mass than with fat
mass and bone strength adapts more to muscle forces rather than to the static
loads imposed by body fat |24|.

01 Nutritional strategies to optimize 
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Childhood and adolescence
If individuals are to achieve their genetic potential peak bone mass it is critically
important to provide a nutritionally balanced varied diet, eat plenty of protein,
maintain healthy body weight |25| and good vitamin D status |26| and follow a
healthy lifestyle throughout childhood and adolescence. This is especially critical
round the pubertal growth spurt when 40% of our skeletal framework is achieved
in a short period of 3–4 years. Net calcium input into the growing skeleton can be
considerable at this time. Thus at puberty girls may accrue >400 mg Ca and boys
>650 mg Ca daily, versus the l00–150 mg they retain prepubertally. Fracture rates
rise sharply at puberty |27|, perhaps suggesting that in some youngsters the
dietary supply of minerals for new bone does not keep pace with the huge gains in
bone that take place. Mineral accrual also lags behind increases in body weight at
this time, making heavy children especially vulnerable to fracturing their upper
limbs with minor falls |25|. Children with fractures, like adults, have lower bone
mineral density than their fracture-free peers |28,29|. Moreover, those who experi-
ence their first fracture at a young age (under 5 years) have a particularly high risk
of further fractures |30|. So the nutrition, body weight and habitual exercise of
every young child reporting a fracture should be carefully reviewed and remedial
measures put in place if problems are noted.

We should remember that dietary habits are formed early and that parental 
eating patterns strongly influence child food choices |31,32|. So parents should
strive to set a good example and to do this they need to be educated about good
nutrition. Nutrition education in schools and the media can also help to inform
children about ways to eat healthily and grow strong bones. We need to discourage
inactivity, excessive alcohol consumption and smoking, because these behaviours
are detrimental to bone health. For example, smoking is associated with higher
fracture rates in adolescence and lower bone mass in adulthood |33|. By contrast
we should encourage daily outdoor play and sport, as regular weight-bearing
physical activity is extremely important to stimulate osteogenesis during growth,
particularly prepubertally |34|. This will also help to maintain healthy weight.
Regrettably, many children today undertake far too little physical activity and 
this may be elevating their body fat levels as well as inhibiting optimal bone 
development. Rising obesity in the young is currently a world problem, and
because obese children fall heavily on immature skeletons, they have an increased
risk of fracture in comparison with adolescents of healthy weight |33,35|.
Displacement of milk by cheaper sodas and high-energy nutrient-poor drinks
may be contributing to this epidemic of obesity and adversely affecting bone
health in many children today |36,37|. On the other hand suboptimal intakes of
energy, calcium and protein during the growing period can also be extremely
detrimental to bone |38|. Youngsters who slim or exercise to excess and whose
energy intakes are too low to maintain healthy body fat levels, may jeopardize their
oestrogen status and in consequence |39| severely depress their bone mineral
accrual |40|. Reduced bone density, particularly of spinal trabecular bone, may

6 PART I Diet and osteoporosis
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occur and osteoporotic fractures often develop in patients with anorexia nervosa
or athletic amenorrhoea.

Middle life and late adulthood
In young adulthood and middle life (third to fifth decade) when bone mass has
reached a plateau and skeletal reserves of calcium are high, major nutritional defi-
ciencies are less common and requirements to maintain bone health are probably
of less critical importance for active people, than in youth or old age. Therefore
the focus is on maintaining healthy bone by regular weight-bearing, keeping
healthy body weight and eating a balanced diet. However, as the menopause
approaches massive bone loss commences, due to loss of the bone-conserving
actions of oestrogens |39,41|. This is one major reason women have a higher risk
of osteoporotic fractures than men. However, as ageing progresses further, ali-
mentary absorption of many nutrients, including calcium, becomes less efficient
in both men and women, and physical activity levels also diminish. Elderly people
spend less time outside and their ability to synthesize vitamin D in the skin also
declines. Many elderly people find their appetites decrease, making it more diffi-
cult to consume recommended intakes of nutrients. On the other hand some 
people start to avoid dairy products which they perceive as fattening, or bad for
cardiovascular disorders. At this time of life it is therefore particularly important
to make wise food choices to keep up satisfactory intakes of vitamins, minerals
and protein. Low-fat dairy foods may be desirable. Individuals may benefit from
use of more fortified foods, or they may prefer to take mineral and vitamin sup-
plements, so that they can achieve desirable intakes of essential nutrients. Elderly
people should try to remain active as declining use of their muscles will favour
bone loss, adversely affect their balance and posture, and increase the risk of
falling |42|. Lack of vitamin D probably contributes to muscular weakness and the
propensity to fall |43|. Declining muscle strength and poorer proprioception can
precipitate fractures, as most long bone fractures result from falls. Thinner indi-
viduals of both sexes have lower oestrogen levels and a higher risk of fracture than
those with greater fat tissue, and poor nutrition is evident in many elderly patients
presenting with hip fracture |44|. Such patients recuperate faster from hip surgery
when given nutritional supplements, particularly those providing more protein
|12|, suggesting malnutrition may have contributed to the poor bone health of the
fracture patients. Most studies find a positive association between dietary protein
intake and bone mass |45|. Moreover, protein intakes above the current recom-
mendations may be necessary to retain good bone mass in the elderly. Thus in a
population of 1077 women with a mean age of 75 years, those in the lowest tertile
of protein consumption (<66 g per day) had lower hip density than those in the
highest tertile (>87 g per day) |46|.

01 Nutritional strategies to optimize 
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Ethnic differences in nutrient requirements
The bone mass of different ethnic groups differs considerably |47|, even at a young
age |48,49|. This influences risks of osteoporotic fracture, with fractures being less
common in groups with high bone mass, such as black people and Polynesians,
and higher in Europeans, Chinese and Asians, who have lower bone mass.
Although most nutritional research on bone health has focused on Caucasian
populations it has become evident that there are ethnic differences in nutrient
requirements. These may reflect genetic adaptations to the environment and
nutritional habits. Black people, for example, appear to have a lower dietary 
calcium requirement |50|. They also handle sodium loads differently |51|. Adap-
tations to habitual diets undoubtedly occur, and may explain the ability of certain
ethnic groups to exist on low intakes of major nutrients such as calcium.
Vegetables, nuts and seeds supply much of the calcium intake in countries where
dairy intakes are low, such as China |52|. However, very low calcium intakes can
precipitate vitamin D deficiency and this probably occurs in China, Africa and
some areas of the Middle East where bone health is adversely affected, osteopenia
is common in children and overt rickets is frequently seen |53,54|. Indeed, because
the vitamin D stores of the baby from maternal sources are exhausted 2 weeks
after birth it is important to expose babies to sunlight safely or provide supple-
mentary vitamin D, so as to ensure young children maintain adequate levels of
25-hydroxyvitamin D. It is a concern that rickets is today being seen more com-
monly throughout the Western world in dark-skinned people, who synthesize
vitamin D less effectively from sunlight than people with paler skins.

Calcium
We should not forget that calcium is a threshold nutrient |55|. An adequate diet
must supply enough calcium to satisfy fully the needs of growing bone and offset
obligatory excretory losses, but consuming intakes above this will not simply lead
to generation of extra bone. On the other hand consuming calcium intakes below
the optimal calcium intake threshold may limit bone mineral accrual and indeed
stimulate loss of bone. Moreover, individuals must consume two to three times
more calcium than the amount that represents their positive calcium balance,
because alimentary absorption of calcium is an inefficient process and we do not
absorb every milligram of the calcium we consume. In many countries dairy foods
are the major source of dietary calcium, but it is possible to satisfy dietary require-
ments for calcium from a careful selection of other foods, though this requires
considerable nutritional knowledge and effort |56|. Remember that some mineral
waters provide useful amounts of calcium for those who cannot tolerate dairy
foods |57,58|. In contrast agents that step up obligatory losses of calcium, such as
common salt, can substantially increase the daily calcium requirement. Thus cal-
cium balance may prove easier to attain when dietary sodium intakes are lower

8 PART I Diet and osteoporosis
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|46,59| and potassium intakes higher |60| as obligatory urinary losses of calcium
are lower.

Most intervention trials of children and adolescents have demonstrated that cal-
cium supplementation evokes modest increases in bone mineral accrual, at least
transiently |8,11,61–66|, suggesting that many youngsters today consume diets that
fail to satisfy fully their skeletal needs for this mineral. Bone benefits of calcium
supplementation are generally greater in young trial participants with lower initial
calcium intakes. Thus in the studies of Bonjour et al. |67| improvement in bone
mass was greater in girls with lower baseline calcium intakes than in those with
higher basal intakes. By contrast, in one recent trial increasing the calcium intakes
of 8-year-old girls who were already taking adequate calcium yielded no increase in
mineral retention |68|. Adults consuming plenty of calcium have better density,
and slower bone loss, than those with low or marginal intakes |69|. Calcium-
supplementation trials of adults generally suggest that the bone mineral density 
of participants consuming 500–900 mg calcium per day do benefit from increases
in calcium intake of a further 500–1000 mg. However, as with exercise, evidence 
of clear links between calcium intake and fracture risk are not strong and 
remain somewhat controversial |70–72|. Nevertheless, one recent 5-year random-
ized placebo-controlled trial of post-menopausal women living in the community
reported worthwhile fracture reductions from calcium supplementation in 
923 subjects who remained compliant to the protocol (hazard ratio 0.66; 95% 
confidence interval [CI] 0.45–0.97). In this group a daily calcium supplement 
of 1200 mg reduced the 5-year average risk of osteoporotic fracture from 16% 
to 10% |73|.

Load-bearing and bone density
Poor bone development is common in individuals and groups with low weight-
bearing activity because intermittent overloading of the bone is essential to main-
tain bone mass |41,74,75|. Associations between physical activity and bone mass
are generally stronger than those between calcium intake and bone mass |76|.
Physical inactivity probably contributes to bone thinning in many people with
chronic illnesses and genetic disorders |77|. In spite of this, firm evidence connect-
ing levels of physical activity to adult fracture is weak to date, perhaps because of
confounding |78|. For example, elite athletes often counter the fracture-reducing
benefits of their high bone density by indulging frequently in risky or contact
sports that increase their chances of fracturing |79,80|. It is possible that the effects
of regular weight-bearing on bone contribute to the lower fracture rates of rural,
compared with urban communities |81|. Importantly, a number of carefully 
conducted randomized control intervention trials of boys and girls have demon-
strated that during growth stepping up weight-bearing physical activity substan-
tially augments bone mass and raises bone density |82|. This indicates that large
numbers of youngsters today are undertaking too little weight-bearing activity or
sport to maximally benefit their bone development. Moreover, weight-bearing

01 Nutritional strategies to optimize 
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influences the size, shape and microarchitecture of growing bones |83,84| so as to
strengthen them. Gains in mineral accrual from such load-bearing regimens in
childhood appear to be retained |34,85|. By contrast, beneficial effects of loading
on the adult skeleton to augment bone mass are smaller, though there is excellent
evidence that adult bone mass falls rapidly in the absence of weight-bearing. This
is seen, for example, in patients with spinal cord injury |86|, paralysis or diseases
restricting mobility such as Parkinson’s disease |87|.

Novel nutritional influences of interest to bone health
Leptin and hypothalamic amenorrhoea

It appears that a certain threshold of the adipocyte hormone leptin is necessary to
permit normal hypothalamic function and maintenance of ovarian function |88|. In
consequence this is jeopardized when body fat levels are low. Unequivocal evidence
that low leptin levels play an important part in the amenorrhoea of anorexia and
athletic amenorrhoea was provided by a seminal study in which recombinant
human leptin was administered to a group of eight women with hypothalamic
amenorrhoea |89|. Leptin treatment restored luteinizing hormone pulsatility, raised
blood oestradiol levels, and improved the thyroid and growth hormone axes.
Markers of bone formation were elevated. This study indicates a promising new
treatment to normalize oestrogen status and improve bone health for young women
with hypothalamic dysfunction, who are otherwise prone to osteoporosis |90|.

Genetic markers of adult hypolactasia
Lactose malabsorbers who habitually avoid consuming milk products may jeop-
ardize their dietary calcium intakes. A new genetic test on chromosome 2 can
identify individuals who lose the ability to split lactose and are then susceptible to
gastrointestinal discomfort after drinking milk |91|. Individuals with the C/C-13910
genotype have low intestinal lactase (6 U/g protein), and those with the C/T-13910
genotype less lactase (29.9 U/g protein) than those with the T/T-13910 genotype 
(50 U/g protein) who retain full ability to split lactose. A significant association
between the low-lactase C/C-13910 genotype with fractures and reduced bone den-
sity has been seen in some |92| but not all studies, possibly because most people
with lactose malabsorption can consume reasonable amounts of milk without
discomfort |93|. Fortunately, it is possible to consume sufficient calcium to meet
dietary requirement from non-dairy sources |56|. Soy drinks are popular as a
replacement for liquid milk. Vegetarians appear to maintain normal bone mass
and plenty of fresh fruit and vegetables are likely to supply many micronutrients
and antioxidants and generally benefit health |94|. Such diets lower the endogen-
ous acid load |95|, and reduce the need for skeletal buffering. They are also rich in
potassium, which helps to lower urinary losses of calcium.

Hyperhomocysteinaemia
Exciting new papers point to a novel link between high homocysteine levels in the
blood to bone fractures: this association appears to be independent of known risk
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factors for fracture. Two studies reported in the New England Journal of Medicine
documented higher rates of fracture in hyperhomocysteinaemic populations
from Framingham |96| and the Netherlands |97|. A further study of 628 stroke
patients showed that folate and vitamin B12 supplementation was associated with
lower rates of hip fracture in elderly Japanese patients |98|. The mechanisms
responsible for links between high levels of homocysteine and fracture remain
elusive, but it has long been known that patients with genetic defects of homocys-
teine are fracture prone, possibly because of defective cross-linking in collagen. As
elevated plasma homocysteine values can be reduced by increasing folate intake
|99| this new nutritional approach may hold promise for fracture prevention if
further work substantiates the association between hyperhomocysteinaemia and
osteoporosis.

Targeted prevention
Illnesses and medications with bone-thinning properties

Patients with genetic disorders or diseases known to be associated with low bone
mass, and patients requiring medications that have been shown to thin bone,
should consult health professionals about suitable nutrition (Table 1.2). Those
taking oral corticosteroids for asthma or immunosuppression have higher frac-
ture rates. Epileptics taking anticonvulsants are similarly at increased risk of frac-
ture. Most chemotherapy regimens can cause rapid bone loss and patients given
organ transplants are another group who are likely to lose bone fast and fracture.
Finally, many patients with renal failure cannot hydroxylate 25-hydroxyvitamin D
at position 1, and must receive the active vitamin D metabolite calcitriol, rather
than oral vitamin D supplements.

01 Nutritional strategies to optimize 
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� Dairy foods: generally supply more than two-thirds of the dietary Ca and many minerals and 
vitamins in western countries, are high in protein, increase IGF-1 levels, contain bioactive peptides
influencing bone cell function and are often a vehicle for vitamin D fortification. Low-fat dairy
products are available for people needing to cut back on intakes of saturated fats

� Meat, poultry, eggs and fish: major source of high quality protein, and minerals such as 
phosphorus, iron and zinc

� Legumes: often used as meat alternatives to provide proteins and some minerals

� Soy products: useful for vegetarians and the milk-intolerant; contain proteins, minerals and
phyto-oestrogens; soy milk beverages, if fortified, enable calcium intakes to be met conveniently

� Fruit and vegetables: high in potassium; also a rich source of vitamins (including vitamins C, K,
and folate), and trace elements; net endogenous acid production lower on vegetarian than high
animal protein diets

� Nuts and seeds: provide useful calcium and magnesium when consumed regularly

� Breads and cereals: rich in fibre, often fortified with minerals and vitamins

� Mineral waters: many contain useful amounts of calcium and magnesium without raising 
calories 

Table 1.2 Major food groups important to bone health
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Nutrition for those with established osteoporosis
Individuals with suspected osteoporosis, particularly those with any history of
fracture with minimal trauma, low body mass index, malabsorption syndromes,
poor balance, musculoskeletal problems, gait disorders, or a history of frequent
falling, should have their bone density measured. This is because men and women
with low bone density have a higher risk of fracture |100|. Thus documenting low
bone mineral density will reinforce the need for remedial action. Patients with the
conditions listed above should also seek medical advice concerning use of thera-
peutic bone-conserving agents to prevent bone loss or anabolic agents to build
new bone. Patients with osteoporosis may need extra calcium, vitamin D |101| or
protein to suppress excessive bone resorption and facilitate bone accrual, and
might consider folate and vitamin B12 supplements. Mineral supplements are
best taken with meals. The ability of calcium supplementation alone to lower frac-
ture risk remains controversial, although most experts agree that high intakes slow
resorption |102| and conserve bone mass |69|. Calcium plus vitamin D may be
more effective in the frail elderly in preventing fracture |103|, although not all 
trials have shown this |104|. A recent meta-analysis concluded that vitamin D sup-
plementation of between 700 and 800 IU/day reduced hip and non-vertebral frac-
ture risks in elderly people, whereas doses of 400 IU were not sufficient to be
effective |105|.

It is notable that the majority of clinical trials testing the ability of specific thera-
peutic agents to prevent osteoporotic fractures have supplied adjunct supplements
of calcium and vitamin D to the study participants. These have been provided in
order to slow resorption and ensure that deficiencies of these nutrients do not
compromise new bone gains. This is particularly important when a therapeutic
agent is strongly anabolic. Elemental calcium tablets are usually utilized for 
simplicity, and because many elderly patients with osteoporosis do not consume
sufficient energy (calories) to provide sufficient calcium from food sources alone.
Elderly subjects having limited exposure to ultraviolet light need vitamin D 
supplements.

Institutionalized populations
Many schools, prisons, rest homes and hospitals supply all the nutrients of those
living in their care. Somewhat similarly, large numbers of people derive a high
proportion of their food from major chains of fast-food outlets. Thus it is
immensely important that places that are responsible for the long-term nutrition
of large sections of the population, should offer plenty of fresh fruit and vege-
tables and nutritionally balanced diets that benefit bone health. Stepping up milk
intake is one good way to improve general nutrition |106|, because dairy products
are a good source of protein and supply a wide variety of nutrients |107|. If resi-
dents of institutions go outdoors only rarely, or have no access to ultraviolet light,
vitamin D replacement should be mandatory. Protein intakes must be adequate. If
the dietary calcium intake is chronically low, parathyroid hormone secretion will
rise and bone loss will accelerate, making fractures more likely. High salt intakes
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will further raise the calcium requirement, whereas lowering salt intake can lower
calcium intakes needed to prevent bone loss.

In the field of hypertension the DASH (Dietary Approaches to Stop
Hypertension) studies have demonstrated the value of administering diets that
fully meet current nutritional requirements for all nutrients in lowering blood
pressure |108|. Perhaps greater consideration should be given by industry and
advertising to the wider use of providing similar, completely balanced menus, in
order to optimize bone health and reduce osteoporotic fractures (Table 1.3).
Institutions could utilize these. Jamie Oliver’s recent TV programme ‘School
Dinners’ (www.channel4.com/life/microsites/J/jamies_school_dinners/index.html)
drew attention to the deplorable nutrition currently being offered in many British
schools! As fortification of staple foods with individual nutrients by industry
increases, it may become quite difficult for individuals to obtain balanced nutri-
tion, simply by picking and choosing selections of different foods at the supermar-
ket. Few people have a good grasp of the nutrients supplied by ordinary foods.
Most of us would find it hard to recognize and cater for every nutritional need of
every cell on a regular basis. It would be just too difficult. Instead, we eat a bal-
anced diet and let our cells select what they need. For people who cannot do this
appropriately, choosing to eat a variety of commercially available balanced meals
may be one useful new direction to explore to improve bone health, both in the
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Primary prevention

� Ensure an adequate cheap food supply is available for all stages of life.

� Promote a balanced diet, satisfying all nutritional needs from the major food groups.

� Encourage education regarding nutrition (schools, media, TV, health professionals).

� Instil good habits of nutrition and physical activity from a young age.

� Avoid bone-wasting behaviours (smoking, amenorrhoea, excessive consumption of sodium, 
caffeine and alcohol).

High-risk groups

Some groups are prone to osteopenia. They should seek nutritional advice from professionals in order
to limit bone-thinning and should have their bone density measured. Examples include: 

� anyone with a family history of osteoporosis or low trauma fractures, 

� those with hypogonadism or oestrogen deficiency,

� some ethnic and/or cultural groups,

� the physically inactive, the housebound, 

� lactose-intolerant, individuals with low energy intakes, 

� people with allergies or eating disorders, 

� those with alimentary malabsorption syndromes such as coeliac disease, 

� cystic fibrosis, 

� people with renal failure, and 

� patients requiring bone-wasting medications (corticosteroids, anticonvulsants, cancer therapies,
or immunosuppression for organ transplantation).

Table 1.3 Broad nutritional strategies to benefit bone health
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