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Preface

The report from the Advisory Group on Osteoporosis was published by the
Department of Health in 1994', This expert group asked for further work in
specified areas “that guidelines for the treatment of osteoporosis should be
prepared, and that further work should be done on preventive measures such as
dietary calcium and physical activity”. The further work has now been completed
and this report from the Committee on Medical Aspects of Food and Nutrition
Policy deals particularly with calcium and vitamin D, and to a lesser extent with
physical activity. in the public health context. At the same time, the Royal College
of Physicians of London has prepared Guidelines for Strategies to Prevent and
Treat Osteoporosis, and this report is also being published-.

In order to consider such a complex question as what factors influence bone
health, the Committee on Medical Aspects of Food and Nutrition Policy appointed
a new subgroup of experts in this area. I am grateful to Dr Ann Prentice, who
chaired the group, and to the members for the work done to prepare this report. lis
strength lies in its resolute adherence to scientific integrity and comprehensive
assessment of the data both national and international.

I believe that it will provide a sound basis for the development of public health
policy.

SIR KENNETH CALMAN
Chairman, Committee on Medical Aspects of Food and Nutrition Policy*

# Chairman during preparation of this report, until April 1998
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Definition of terms

Body Mass Index (BMI):

Bone density:

Bone mass:

Bone mineral content (BMC):
Bone mineral density (BMD):

Bone modelling:
Bone remodelling:

Bone remodelling transient:

Bone turnover:
Calciotropic hormone:
Caleitonin:

Calcidiol:

Calcitriol:

Calcium binding proteins:

Cartilage:

Chondrogenesis:
Collagen:

An indirect measure of body fainess = weight
(kg)/height (m)*.

the density of bone in a skeletal unit (g/em?),
including bone matrix, mineral, soft tissues
(often confused with bone mineral density).

the mass of bone in a skeletal unit (g), including
bone matrix, mineral, soft tissues.

the mass of bone mineral in a skeletal umit (g).
the density of bone mineral in a skeletal

unit (g/lem?); when measured by absorptiometry
it represents the mass of bone mineral in a
scanned area (g/em®) and is not a true density
measurement.

the processes of bone formation and growth.
the structured sequence of events by which old
bone is replaced by new bone which involves
resorption followed by formation and
mineralisation.

an incremental change in measured bone mineral
content/density caused by an alteration in bone
remodelling rate.

the replacement of old bone by new bone.

a hormone involved in the regulation of calcium
homeostasis.

hormone secreted by the C-cells of the thyroid,
involved in the regulation of calcium
homeostasis and other functions.
25-hydroxyvitamin D produced in the liver.
1.25(0OH), vitamin D; hormone secreted by the
kidney involved in the regulation of calcium
homeostasis and other functions.

proteins involved in the intestinal absorption of
calcium.

stiff, load bearing tissue: during early life, a
cartilage model of a bone precedes its
transformation into mature bone tissue, a process
which is only completed at maturity when
growth ceases.

cartilage formation.

the principal protein of the bone matrix.

XV



Cortical/compact bone:

Epiphysis:

Incidence:

Intervention studies:

(ddds ratio:

(steoblast:
Osteocalcin:

Osteoclast:
Osteocyte:
Osteoid:
Osteomalacia:

Osteon:

Osteonecting
Osteoporosis:

Parathyroid hormone (PTH):

Peak bone mass:
Prevalence:

Pseudofractures/Looser’s zones:

Rickets:

Trabecular/cancellous bone:

xvi

dense compact bone with a low surface area:
mass ratio providing strength and structure to the
skeleton.

place where bone begins to be laid down,
especially at each end of a long bone; during
growth it is separated from shaft of long bone
(diaphysis) by cartilagenous plate.

the number of new cases of a disease occurring
in a given size of population during a specific
period of time, usually a year.

an investigation involving intentional change in
some aspect of the status of the subjects. The
intervention can be at the individual or
community/population level.

the ratio of odds of exposure 1o non-exposure
among the diseased (cases) compared to the non-
diseased (controls) in case-control studies. The
odds ratios denved 1in case-control studies are
approximately equivalent to the relatve nisks
(qv) determined in cohort studies.

bone forming cell.

non-collagenous bone protein measured in
plasma as an index of bone formation rate.
bone resorbing cell.

cell in the connective tissue of bone.
uncalcified bone tssue, bone matrx.

skeletal disease characterised by inadequate or
delayed mineralisation of bone matrix (osteoid).
concentric cylinders of collagen fibres and
mineral crystals in bone tissue.

a non-collagenous bone protein.

skeletal disease characterised by low bone
mass and micro-architectural deterioration.
hormone secreted by the parathyroid glands
involved in the regulation of calcium
homeostasis and other functions.

the maximum bone mass achieved by mid-life.
the number of cases observed in a given size
of population at a designated time.

focal accumulation of osteoid, a diagnostic
feature of osteomalacia.

disease of the immature skeleton charactensed
by inadequate mineralisation of bone matrix
{osteoid).

spongy bone with a high surface area: mass
ratio found principally at the end of the long
bones, and within the axial skeleton.



Abbreviations

mole:
nmol:

mg:
HE:
pe:

¥:
d:
25(0H)vitamin D

1.25(0OH),vitamin D:

PTH:
DRV:
EAR:
RNI:
LRNI:
MAFF:
COMA:

BMD:
BMC:

molecular weight in grams

nanomole or 107 mole or one-thousand-
millionth of mole

gram

milligram or 10 g or one-thousandth of 1g
microgram or 10°° g or one-millionth of g
picogram or 10°'* g or one-million-millionth
of lg

litre

[nternational Units. Used to quantify
vitamin D dose. For defining dosage of
vitamin D both International Units and
metric weights are used. 1 International
Unit (IU) = 0.025 pg crystalline vitamin D,
Le. | pg =40 IU vitamin D, '
year

day

25-hydroxyvitamin D (occurs almost
exclusively in plasma): calcidiol

nmol/l (0.4006) = pg/l

1.25 dihydroxyvitamin D (the active form of
the vitamin involved in calcium homeostasis);
calcitriol pmol/l (0.4167) = ng/l

parathyroid hormone nmol/l (2.516) = pg/l
Dietary Reference Value

Estimated Average Requirement

Reference Nutrient Intake

Lower Reference Nutrient Intake

Ministry of Agriculture, Fisheries and Food
Committee on Medical Aspects of Food and
Nutrition Policy

bone mineral density

bone mineral content
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1. Recommendations of the
report

Recommendations ( Chapter 11)

l. A healthy lifestyle to maintain bone health should be encouraged at all
ages. A varied and adequate diet and regular weight bearing physical activity
appropriate for the individual are beneficial. An adequate vitamin D status can be
achieved from exposure of the skin to summer sunlight although this needs o be
balanced against increasing the risk of skin cancer. Local public health policies
should integrate these recommendations in their plans for improving the health of

their population®*,

il MNo change i1s recommended in the existing UK Dietary Reference Values
for calcium because of insufficient evidence. Recent data do not support the

increment for lactation which might not be necessary.

i Dietary means of achieving an adequate calcium intake, as assessed
against Dietary Reference Values, should be encouraged.

4, The present policy of fortifying flour with calcium should continue.

A

The existing UK Dietary Reference Values for vitamin D are endorsed.

f. The public and health professionals should be better informed about the
importance of achieving adequate vitamin D status, including the appropriate use
of vitamin supplements for those most at risk of vitamin [ deficiency. The most
vulnerable groups include:

+ infants, young children and pregnant women from Asian families as well as
voung African-Caribbean children being reared on strict exclusion diets;

+ older people who are housebound, who live in institutions or who eat no meat
or oily fish;

« and people who rarely go out of doors or who, when they do so, wear clothes
which fully conceal them.



T Local health authorities and health professionals should be aware that
sporadic cases of clinical vitamin D deficiency still occur. They should be alert to
the possibilities of inadequacies in their population from knowledge of the social
and cultural antecedents of vitamin D deficiency and should consider instituting
appropriate community-based preventive programmes.

8. The statutory requirement to fortify margarine with vitamin D should be
maintained; reduced fat spreads should also be fortified with vitamin D but
providing the majority of manufacturers continue to do this on a voluntary basis
there is no need for this to be a statutory requirement.

9, Maintenance of a healthy body weight at all ages should be encouraged.
Being underweight is particularly detrimental to bone health.

10). A lifestyle which includes regular physical activity, particularly that
which 15 weight bearing, should be encouraged at all ages, and a sedentary
lifestyle discouraged.

Recommendations for research

11. More research is needed into the influence on bone of individual
nutrients including calcium and vitamin D as well as other nutrients.

ot The mechanisms underlying nutritional effects on bone should be
clarified. This should include studies on the effects of endocrine and growth
factors and their interaction in the balance between bone synthesis and bone
resorption at the different stages of life in women and men.

13. Interactions between diet, body composition, physical activity, and bone
status require more study.

14, The long term relationship between measures of bone status during
childhood and adolescence, and peak bone mass in adulthood and bone health in
old age should be clarified.

15. Well controlled intervention studies with long term follow-up of the
chinical effects on bone should be set up to investigate the influence of diet and
lifestyle on bone health in well characterised populations throughout the age
range.

16. In respect to calcium and vitamin D, the mechanisms and limitations of
the adaptive response to different diets with particular emphasis on inter-
individual variations, nutrient-gene interactions and the importance of the
environment in early life should be investigated further.

17. The effect of seasonal variations in vitamin D status on osteoporosis
should be investigated, and the mechanisms involved identified.



18. The public health aspects of exposure to sunlight should be defined
urgently to take account of the importance of this source of vitamin D relative to
increasing the risk of skin cancer.

19, For those needing vitamin D supplementation, the most acceptable,
efficient and cost effective way of providing it, should be identified.

20. Natonally representative data on nutritional status and dietary intakes in
Britain should continue to be collected to monitor trends where inadequacies such
as low vitamin D status have previously been found and to identify vulnerable
groups.

21. There should be continued surveillance of minority groups at risk of
vitamin D inadequacy or of low dietary calcium intakes. The characteristics of
those groups should be more fully identified.

22. The present programme of diet and nutrition surveys should be extended
to include pregnant women and infants and also to collect more detailed
information about physical activity levels where possible.

25, Better markers of nutritional status in respect of bone health should be
developed for population surveillance.



2. Introduction

2.1 Background

2.1.1  There has long been concern about increasing rates of fractures n the
UK. particularly hip. wrist and vertebral fractures, which have been attributed to
osteoporosis®,  Over 200,000 fractures a year, the majority in older people, cost
the National Health Service over £940 million. Fractures are more common in
women, and more common in white populations than in populations of African or
Caribbean origins. It is estimated that around 60.000 hip fractures and 50,000
wrist fractures occur annually in the United Kingdom®. About 40,000 vertebral
fractures are diagnosed clinically per year, but this represents only a proportion of
the total with possibly as many as two thirds not coming to medical attention'.
The social and personal burdens of pain and disability attributable to osteoporosis
are substantial.

2.1.2  There are higher fracture rates in Europe and North America when
compared with other countries, and i Europe there 1s a dechiming gradient from
north to south. Fracture rates increase with age. and as the number of old people
in the population has increased so has the number of fractures presenting for
treatment. This increase was very marked during the 1970s but reached a plateau
during the 198057, There was also an increase in age specific fracture rates
which suggests that environmental factors may have contributed to the risk in age
cohorts. This observation has fuelled several etiological hypotheses which focus
on decreasing physical activity (para 7.6), increasing adult height®, changes in
smoking habits (para 7.5), and others. There has been a search for dietary factors
which might be implicated, especially milk consumption (para 5.4.6), but no
consistent patterns have been defined. The relationship between high latitude and
high risk of fracture in Europe suggests that vitamin D insufficiency may be an
adverse factor in the development of osteoporosis and this is beginning to be
explored (para 6.4.10).

2.1.3 It has been recognised for over 70 years that there are two ways of
ensuring an adequate vitamin D status in humans, from the effect of sunlight on
the skin in synthesising this vitamin, and by dietary means. In the early parts of
the century, poor people living in tenements, overhung by a smoke-laden
atmosphere were deprived of sunlight. Nevertheless. the eradication of vitamin D
deficiency became a realistic public health goal when Chick and co-workers
demonstrated in 1923 that cod liver oil cured rickets®. Rickets, which affects
infants and children whose bones are growing, and osteomalacia, which affects
adults whose bone growth is completed, while now rare in this country, continue
to be reported sporadically (Dr R J Harris - personal communication®'"). There
are usually special factors which contribute to increasing the risk, for example,



toddlers being brought up in households which follow very strict Rastafarian
practices’, and infants born to mothers who customarily wear very concealing
clothes'". A report from COMA in 1980 on rickets and osteomalacia particularly
addressed the vitamin D status of people living in the UK who had come from the
Indian subcontinent''.  This recognised the particular culral and social
characteristics which increase the risk of vitamin D deficiency: a diet which
excludes meat and fish, a lifestyle of rarely going out of doors, and then wearing
concealing clothing, times of increased metabolic demand for vitamin D such as
pregnancy and in the early vears of life. A campaign of prevention through
education and dietary supplementation of target groups, called Stop Rickets.
followed the COMA report and was in large measure successful in leading to a
decline in the numbers of cases of overt clinical deficiency'”.

2.1.4  Newer biochemical techniques have now allowed improved assessment
of vitamin D status and, using these measures, pockets of vitamin D deficiency
continue to be reported. A high proportion of Asians, such as has been reported
from Leicester. continue to have a poorer vitamin D status, as a group. when
compared with the rest of the population', and also pregnant Asian women in
South Wales'*. These findings suggest that a proportion of the population of this
country is insufficient in vitamin D, although not manifesting the syndromes of
clinical deficiency and that the current public health programmes for identifying
and advising those at high risk have not been fully effective.

2.1.5  Department of Health Advisary Group on Osteoporosis  In 1994, an
expert Advisory Group on Osteoporosis' recommended that:

“The Committee on Medical Aspects of Food Policy (COMA) should be asked to
consider the role of diet in the prevention of osteoporosis, with particular
reference to Dietary Reference Values for calcium and vitamin D. Developing
knowledge on the value of vitamin D with or without calcium supplementation in
the elderly, particularly those living in institutions, means that new advice is
needed which should then be implemented at the earliest opportunity™.

This new report from COMA responds to the recommendation from the Advisory
Group on Osteoporosis. A second recommendation was that the Royal College of
Physicians should work with an intercollegiate group to prepare nationally agreed
multi-disciplinary clinical guidelines on the prevention and treatment strategies to
be incorporated into the Department of Health’s clinical effectiveness programme.
These guidelines will be published in 1998,

2.1.6  Recommendarions on Optimal Bone Health from a USA National
Institutes of Health Consensus Panel  The USA National Institutes of Health
(NIH) also published a report in 1994 from a Consensus Development Panel on
Optimal Calcium Intake'”. This made recommendations for higher population
calcium intakes than had been indicated by either the USA Recommended Dietary
Allowance'® or the UK Dietary Reference Values'”. COMA's review of the latest
data about the influence of calcium and vitamin D on bone status is therefore
umely.



2.1.7  Siatweory fortification of foods Margarine has been fortified with
vitamin D since the 1920s. During the second world war fortification became
required by law which for the past 50 years has been at a level of 7.05-8.82 ug
vitamin D per 100g and with vitamin A at a level of 800-1000 pg retinol per 100g
and is currently regulated by the Spreadable Fats (Marketing Standards)
Regulations 1995 (S1 1995, No 3116). Previous reports from COMA in 1980
(para 2.1.3)"" and in 1991' had been asked to review the need for mandatory
fortification of yellow fats and on both occasions recommended that it should
continue. In 1994, the Ministry of Agriculture, Fisheries and Food (MAFF) asked
the Department of Health for advice on the public health implications of removing
the current regulations on compulsory fortification of flour and of margarine.
Stawtory fortification was an issue considered in the context of the Food Law
Deregulation Plan in 1993, Concerns both for and against the continuation of
statutory fortification were raised and it was decided that the existing requirements
tor the fortification of bread and flour, and margarine should be maintained whilst
the nutritional significance of the current arrangements for fortification was
examined by COMA.

2.1.8  With the outbreak of the Second World War, there were concerns that the
national diet might not provide sufficient calcium. It was anticipated that milk and
dairy products would become scarce. At the same time in order to conserve such
wheat as was available, the extraction rate of flour for bread making was raised to
85 per cent, and subsequently to 90 per cent in 1946. It was argued that this would
leave a higher residue in the flour of phytates and other molecules which would
bind the calcium in unabsorbable complexes. Since 1943, all wheat flour, except
wholemeal, has been required to have calcium carbonate added at the rate of 235-
390mg calcium carbonate per 100g flour (equivalent to 94-156mg calcium per
100g flour). Fortification of flour, except wholemeal and certain other specified
types, with iron, calcium, thiamin and niacin 15 mandatory under the Bread and
Flour Regulations 1998 (SI 1998, No 141). Further expert reports to
Government'**" have recommended that compulsory fortification of flour was no
longer necessary but it remains in force.

22 Committee on Medical Aspects of Food and Nutrition Policy
In response COMA set up the following expert groups.

2.2.1 Working Group en the Nwtritional Starus of the Population was set up in
1995 with the following terms of reference:

“To review the dietary intakes and nutritional status of the population with regard
to folic acid and the nutrients currently statutorily added to flour and yellow fats;

* (o consider mechanisms, including fortification of foods, for the maintenance
of adequate nutritional status and evaluation of their safety and effectiveness;

* (0o make recommendations on the above;



* to advise on a programme of work to review the dietary intakes and nutritional
status of the population with regard to other nutrients.”

2.22  Subgroup on Nurrition and Bone Health — This was set up in 1996 with
the following terms of reference:

“To review the dietary intakes and nutritional status of the population with regard
to bone health with particular reference to calcium and vitamin D and to make
recommendations.”

203 Meetings of the Subgroup and wayv of working  The first of 5 meetings
wits held on 1 February 1996. The draft report was reviewed by the Subgroup and
its parent committee the Working Group on the Nutritional Status of the
Population at a joint meeting on 7 July 1997, The final text was approved at the
meeting of COMA in April 1998 and thereafter by correspondence.

224  The Press Release. which announced the setting up of these expert
groups, invited submissions of evidence: those received are acknowledged earlier.
Dr Victoria Burley was commissioned to review the published data about diet and
nutrient intakes for calcium and vitamin D. Ms Tracy Dean of King's College.
London, collated recent information about vitamin D deficiency in children aged
under 10 years. She reported personal contributions from health professionals in
areas where cases of clinical rickets and osteomalacia are still seen in Leicester’,
Bristol” and London®***, (Dr R J Harris, Royal London Hospital Trust®, Professor
J O’Readon, University College Hospital Trust*, Dr V F Larcher, Queen Elizabeth
Hospital for Children’) and areas where rickets was no longer seen although
vitamin D deficiency had once been widespread in the local Asian community in
Glasgow?*, and West Midlands®.

* personal communication



3. Bone and bone health

3.1 The function of bone

3.1.1  Bone supports and protects the tissues of the body and it provides a
framework to enable body movements. It also has metabolic functions which are
crucial for the maintenance of life including the homeostasis of 1omised calcium in
the blood. Within cells calcium ions are essential for the maintenance of the
internal cellular structure and the passage of impulses and signals within and
between cells. Calcium ions also contribute to a wide range of metabolic
functions as well as other complex interactions such as blood clotting. The
extracellular fluid concentrations of ionised calcium are strictly maintained and
this metabolic call on the calcium in bone has priornty.

c 14t The structure of bone

3.2.1  Bone is a highly vascular connective tissue enclosed by a fibrocellular
layer, the periosteum. In common with other connective tissues, it consists of a
matrix with embedded cells. known as osteocytes, which are scattered but inter-
connected by extensions to form a cellular network. The matrix consists of
collagen fibres usually arranged in parallel and a mineralised ground substance.
Bone collagen is strongly cross-linked internally which provides gaps between its
fibres. Bone crystals resemble hydroxyapatite (Ca; (PO ), (OH),). In addition
to Ca*™*, PO, . and OH" ions, bone mineral contains numerous other ions such as
HPO, . CO, ", F, Mg**, Na* and citrate that are incorporated in the crystal lattice
or adsorbed on the surface. Bone crystals are packed between the collagen fibres
to create the characteristic mineralised tissue. Within the bone tissue most of the
collagen fibres and the mineral crystals are arranged around neurovascular
channels in concentric cylinders known as osteons. The central canal which
carries the capillaries within the osteon has numerous perforations which provide
pathways for the diffusion of fluids, nutrienis and gases.

3.2.2  Both osteoblasts and osteoclasts originate in the bone marrow: the
osteoblast derives from mesenchymal stem cells and the osteoclast from the
mononuclear/phagocytic cell ineage. The production of these bone cells 1s partly
governed by cytokines which are themselves modulated by sex hormones. The
osteoblast is the primary bone forming cell. It is protein synthesising and secretes
collagen and a wide range of non-collagenous proteins which, with other organic
components, create osteoid, which is uncalcified pre-bone tissue.  Osteoblasts
facilitate the calcification of the osteoid through a mechanism not yet fully
elucidated but involving the secretion, among other factors, of bone-specific
alkaline phosphatase. osteocalcin and osteonectin.  The precipitation of
hydroxyapatite crystals from the matrix fluids is also dependent on a number of
other factors including inorganic ion concentrations and local pH. Some



osteoblasts become embedded in the matrix of bony tissue to become osteocytes.
Osteoclasts are phagocytic cells responsible for removing bone tissue. These cells
are rich in lysosomes and they are able to resorb collagen and then absorb matrix
debris by pinocytosis. The balanced activity of osteablasts and osteoclasts provide
the means for rapid release and resorption of calcium ions, the repair of injuries to
the bone tissue and alterations in bone architecture in response to mechanical
SIress.

3.2.3  About 80 per cent of the skeleton comprises cortical (compact) bone and
20 per cent trabecular (cancellous) bone. There is heterogeneity between bones,
thus, for instance, there is less trabecular bone in the shaft of humerus and more
in a vertebral body. Although constituted from the same cells and matrix, cortical
and trabecular bone differ in structure and in function. The strength of cortical
bone arises because B0-90 per cent of its volume is mineralised. Strength in
trabecular bone is provided by internal bracing with struts and girders of bony
tissue (the trabeculae). This arrangement gives the advantage of strength with
relatively light weight. Bone marrow fills the spaces between the trabeculae of all
bones. Red bone marrow is a highly vascular haemopoietic tissue which, by
adulthood, 1s limited to the vertebrae, sternum, nibs, clavicles, scapulae, pelvis,
cranial bones and the proximal femora and humeri. Other bones are filled with
yvellow marrow composed mostly of fat cells.

3.3 The metabolism of bone

3.3.1  Bone is a dynamic tissue which is regulated by hormones, growth factors
and other chemical mediators. Genetic influences on bone are also beginning to
be explored (para 7.1). In childhood, the skeleton is modelled to meet the needs
for growth and strength. Growth in length of bones occurs in the layer of
epiphyseal cartilage (the growth plate) by a process of chondrogenesis followed
by ossification. This ceases at maturity. Growth in width of bones occurs by
intramembranous or sub-periosteal bone formation and continues at a slow rate
throughout life while endosteal resorption also continues over the lifespan so that,
although bones get wider, their cortex gets thinner. These processes constitute
modelling.  With maturity, changes to the skeleton are achieved through
remodelling which is a continuous process of replacement and repair called “bone
turnover”. It operates to renew ageing bone. 1o remove fatigue fractures, to adapt
the skeleton to physical stress related to physical activity and load bearing, and to
release 1omised calcium as needed.

332  Bone remodelling Bone remodelling on the external and internal
surfaces of bone is a lifelong process. It occurs throughout the skeleton but is
particularly dominant in trabecular bone which has ten times the surface area of
compact bone. Initially osteoclasts excavate a resorption pit.  Thereafler
osteoblasts are attracted and migrate to line the pit. These cells create an osteoid
matrix which fills the pit and which is subsequently mineralised. In young adults,
the creation of resorption pits with release of calcium is matched by the
calcification of newly formed osteoid repairs to earlier pits. There is thus no
substantial net change in calcium balance™. In particular circumstances, such as



the menopause, an increase in the rate of bone resorption leads to the creation of
many more resorption pits but bone formation fails to increase sufficiently to
restore the lost bony tissue completely. This results in an overall loss of bone
(osteoid. cells and mineral) from the skeleton and this is more rapid in trabecular
bone because of its greater surface area®’. A similar situation arises without an
increase in bone resorption if bone formation is impaired and with loss of
stress/weight bearing activity. When bone loss is severe, as in osteoporosis, the
slender trabeculae can be breached resulting in a disconnected structure and loss
of strength.

3.3.3  Bone remodelling transient Calcium concentrations in the body’s
extracellular Muds affect the skeleton. A fall in ionised calcium leads 1o secretion
of parathyroid hormone (PTH) and an increase in the number of resorption pits
being excavated at any one time. This results in loss of bone with release of
calcium, along with matrix components, which assists in the maintenance of
normal extracellular iomsed calcium concentrations. Conversely. an increase in
ionised calcium results in a decrease in the number of resorption pits excavated
and, since new osteoid in previously excavated pits will continue to be laid down
and to mineralise, calcium is removed from the circulation and helps to normalise
ionised calcium in the extracellular fluids. In the balance state, these changes in
bone resorption are matched by equivalent changes in bone formation and, after a
period of time, the pits are refilled and the bone completely restored. As there is
a time interval between the excavation of each pit and its complete restoration
{which can be as much as 4-8 months in cortical bone), a decrease in bone
resorption rate will result in a temporary net increase in bone mass until the steady
state is re-established. Similarly an increase in bone resorption rate will produce
a net decrease. This phenomenon is referred o as the bone remodelling
transient®®2%2%  Calcium supplements have been used in older people with
established osteoporosis in an attempt o slow the progress of the disecase.
However, the clinical significance at any age of a short term increase in bone
mineral content as a result of alterations in bone remodelling rate is unknown.
Few studies have examined the mechanism underlying the response to changes in
calcium intake or have investigated long term benefit, but several are in progress.

334 Metabolic effects of changes in caleium and vitamin D staris . Caleium-
ion-sensing receptors on membranes of cells in the parathyroid gland. thyroid
gland and kidney tubules are responsive to changes in the level of ionised calcium
in the extracellular fluid*™. When ionised calcium concentration falls. PTH output
increases which liberates calcium from bone by increasing the number of
resorption pits. PTH also stimulates the renal synthesis of 1. 25(OH) vitamin D.
At customary dietary intakes, intestinal absorption of calcium is by active
transport, which is vitamin D dependent, as well as by passive diffusion.
1.25(0H),vitamin D enhances the active phase of absorption by stimulating the
synthesis of calcium binding proteins. At the same time renal calcium
reabsorption increases. If the level of ionised calcium is raised. PTH secretion is
inhibited, calcitonin may be secreted by the thyroid gland and plasma calcium
falls. The mechanism underlying these effects is incompletely understood.
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3.3.5  Plasma concentration of 1,25(OH),vitamin D is regulated too closely to
be a sensitive measure of vitamin D status. The most commonly used index of
status 1s plasma 25(0OH)vitamun D which reflects both skin synthesis and dietary
mtake. At all ages, from neonates’' to older people®, lower plasma levels of
25(OH)vitamin D are associated with higher levels of PTH. Low plasma
phosphate and raised chloride levels characterise the early stages of vitamin D
inadequacy. If compensation fails, the level of alkaline phosphatase usually rises
and eventually calcium may fall.  Although very low levels of plasma
25(0H)vitamin D are associated with clinical disease (see para 3.4.2), there is less
certainty over the clinical implications of levels which, while still low, fall short
of those seen in overt metabolic bone disorders which may or may not be
associated with higher plasma PTH, or with adverse effects on bone health (see
6.2). There is evidence that low calcium intakes may increase the requirement for
vitamin D, since increased breakdown of 25(OH)vitamin D has been
demonstrated in calcium-deficient rats* and children with calcium-responsive
rickets have been documented in South Africa and elsewhere™,

3.3.6  The secretion of PTH exhibits a circadian rhythm in healthy men and
premenopausal women®® with higher levels at night. There is strong correlation
between the circadian rhythms for PTH and serum phosphate®’ which are attenuated
in established postmenopausal osteoporosis. This loss of a diurnal fall in PTH may
contribute to bone loss in these patients®. In osteoporotic patients daily injections of
PTH at physiological levels have an anabolic effect on human bone™. This suggests
that the nocturnal rise in PTH as part of the circadian rhythm may have an anabolic
effect. Since this rhythm can be modified by varying the dietary intakes of calcium,
phosphate and carbohydrate®, it is possible that the times of day at which these
nutrients are eaten may be important in the aetiology or treatment of osteoporosis.

34 Clinical presentations: osteoporosis and vitamin D deficiency
34.1  Osteoporosis

34.1.1 Osteoporosis  Osleoporosis is a progressive systemic skeletal disorder
characterised by low bone mass and micro-architectural deterioration of bone
tissue with a consequent increase in bone fragility and risk of fracture. There is
proportionate loss of all bone elements, cells, osteoid and mineral. The definition
proposed by a World Health Organization expert group in 1994* was:

“A disease characterised by low bone mass and micro-architectural deterioration
of bone tissue, leading to enhanced bone fragility and a consequent increase in
fracture risk™.

The categories of the disease are defined in terms of bone mineral mass or density
as follows:

Normal - a value for bone mineral content (BMC) or bone mineral density (BMD)
within one standard deviation (sd) of the young adult reference mean for that
gender.  (There are no absolute standard values other than locally derived
population means.)



Low Bone Mass (osteopenia) - a value for BMC or BMD more than one sd below
the young adult mean but less than 2.5 sd below this value.

Osteaporosis - a value for BMC or BMD 2.5 sd or more below the young adult
mean.

34.2  Clinical presentations of vitamin D deficiency

3421 Osteomalacia  Osteomalacia describes the combination of clinical,
biochemical, radiographic and histological abnormalities in adults which result
from severe deficiency of vitamin D. In affected bones there is a defect in the
proportion of matrix that is mineralised and bone histology is characterised by
broadened osteoid seams. Radiographically there may be characteristic
pseudofractures or Looser’s zones. Clinically the syndrome comprises
psychological changes. typically depression, neuromuscular changes in the form
of a proximal neuromyopathy, generalised pains of uncertain origin but possibly
from bone, and fractures following minimal trauma.  Although low plasma
25(OH)vitamin D concentrations on their own are not sufficient to diagnose
osteomalacia, plasma 25(OH)vitamin ID concentrations less than 4 pg/l (10nmol/l)
are seen in adults with osteomalacia.

3422 Rickers Rickets occurs after prolonged deficiency of vitamin D during
periods of bone growth when an excess of unmineralised osteoid results in a low
mineral to bone matrix ratio. Clinically the child is miserable and apathetic and
in pain. In severe cases the gait is waddling with bow legs or knock knees. The
wrists, ankles and costo-chondral junctions are thickened. Radiologically the
epiphyses show flaring and cupping with widening of the cartilaginous growth
plates. Plasma 25(0OH jvitamin D concentrations below 8 pg/l (20nmol/l) are seen
in children with rickets.

34.2.3 Vitamin D deficiency Deficiency of vitamin D, which is less severe than
that presenting as osteomalacia or rickets, may also increase the risk of bone
disorder. The clinical presentation may not be distinctive of metabolic bone
disorder and is often confounded by multiple nutrient deficiencies, or other
influences. Further, non-metabolic mechanisms may account for changes in bone
associated with vitamin D insufficiency. For example, the muscle dysfunction
which accompanies vitamin I insufficiency may lead to involution by decreasing
the strain forces on bone. The response 1o vitamin therapy in osteomalacia and
rickets can be speedy and dramatic. The response to more minor degrees of
vitamin D deficiency 1s usually less overt and, especially in very old people,
multiply confounded by other factors*.

35 The assessment of bone health

35.1  Fracture rate  An important effect of osteoporosis is fracture following
minimal trauma. However, fracture is not always clinically apparent. even to the
affected individual. The commonest fractures early after the menopause are of the
vertebrae, but a substantial proportion pass unrecognised and are only obvious at
a later date from radiological examination or as a presumed cause of loss of
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height. Vertebral fracture cannot therefore be used as a reliable outcome marker
for bone health. The other common sites for fracture in older people are the hip
and the wrist, where few pass undiagnosed. Recent trials of supplementation with
calcium andfor vitamin D confirm that hip fracture rate can be used as an
outcome™**. Prospective studies to examine the effect of interventions have only
been done in groups of elderly participants aged at least 75 years and over by
which age hip fracture incidence is high enough to make studies feasible. This
means that there are no data from intervention trials which use hip fracture as the
outcome marker in younger postmenopausal women.

352  Physical measurements In most studies, interventions designed to
influence bone status use intermediate outcome measures, the dimensions, mass
or mineralisation of the bones. levels of chemical markers of bone metabolism.
and bone biopsies. The traditional technique for examining bones is by x-ray.
This can show extremes of loss of bone mass with loss of opacity, but this
methodology does not discriminate adequately for measuring smaller changes
because approximately 30 per cent of skeletal mass has to be lost before x-ray
changes are apparent. Assessment of the trabecular structure in the neck of the
femur (Singh index) is sometimes used. X-rays are also relatively insensitive in
diagnosing vitamin D deficiency in adults and in distinguishing the bony changes
of hyperparathyroidism.

3.5.3  Several techniques are available for the assessment of bone mass. Dual
energy X-ray absorptiometry (DXA) assesses bone mineral at both axial and
appendicular sites, has high reproducibility, and uvses low doses of radiation.
Sources of error, especially in assessing the spine occur due to the formation of
osteophytes in spondylosis and also from calcification of the aorta. Single energy
X-ray absorptiomeiry (SXA) enables measurements only at appendicular sites,
such as the forearm. Earlier versions of these techniques, single photon
absorptiometry and dual photon absorptiometry, vsed photons from gamma
emitting sources. Quantitative computer tomography enables differential
measurement of cortical and trabecular bone in the spine or peripheral skeleton,
but the equipment is expensive and the radiation dose 1s relatively high. Finally,
ultrasonic measurements of bone at heel and knee are being evaluated for their
reliability in assessing bone. This technigue uses a non-ionising radiation, is
portable and relatively cheap, but not yet adequately validated for routine use.

354 Bone mineral mass is a major determinant of risk of future fracture.
After linear growth has ceased, whole body bone mineral content (BMC)
continues (o increase through an increase in bone mineral density (BMD) and
possibly some degree of apposition. The rate of increase and its duration vary
between individuals and between sexes; peak bone mass occurs at different times
in different parts of the body. In adults aged over 40 years at the time of
measurement, it reflects the combined effect of achieved peak bone mass
diminished by subsequent bone loss. Several prospective studies have shown an
increasing gradient of risk of fracture with decrease in both BMC and in BMD,
It has been calculated that a reduction of one standard deviation of femoral bone
mass below the mean normal value (age related) give a relative risk of fracture of
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2.6%. Further cohort studies suggest that women over 65 years with a BMD in the
lowest quarter of the distribution, after age adjustment, have a risk of hip fracture
8.5 times that of women with BMD in the highest quarter*®. Although BMC and
BMD are powerful predictors of fracture risk within populations, they do not
explain differences in fracture incidence between populations. The BMC and
BMD of Gambian women are similar to or lower than those of white women and
lower than those of black women in North America, but both black populations
have lower fracture rates than white American women®’. Japanese women have
both lower BMC and lower fracture rates than white American women*®.

355  Bone mineral density, as measured by DXA and related techniques, is an
areal measurement, representing the amount of mineral within the bone envelope
per unit area scanned*. It is not a measure of the volumetric density either of the
entire bone or of the mineralised tissue within the bone. Similarly, the measured
BMC is the mass of mineral within the scanned bone envelope. As a consequence.
both BMC and BMD are influenced by the size, shape and orientation of the bone,
and can provide no information about internal structure. The interplay of bone
mineral measurements, skeletal size and lifestyle factors such as dietary intake and
physical activity needs careful consideration when interpreting observational
studies™. This limits the usefulness of cross-sectional studies and meta-analyses
of epidemiological data in examining the relationships between nutrition and bone
health, unless steps are taken to minimise the confounding influence of size.
Similar considerations are required when comparing individuals and groups of
different size, such as children growing at different rates®'>? or representatives of
different ethnic groups™ . In this report, evidence relying on the measurement
of bone mineral has been taken from longitudinal and intervention studies
wherever possible.

3.5.6  Biochemical markers and calciotropic hormones  Bone loss reflects
excess bone resorption over bone formation, but both of these processes may be
increased in osteoporosis. It has been suggested that the rate of bone loss can be
predicted by assessing bone twrnover through blood and/or urinary markers that
are specific to bone formation and resorption and many have been proposed.
Plasma levels of osteocalcin. procollagen carboxy peptide and procollagen amino
peptide, and bone specific alkaline phosphatase are validated indices of bone
formation reflecting activity of osteoblasts. More recently, urinary pyridinoline
crosslinks and related peptides, which are sensitive and specific markers of bone
resorption, have become widely used™. Urinary hydroxyproline and fasting
urinary caleium/creatinine ratios, used in the past, were found to be poor indices
of resorption. There is much interest in whether the predictive value in respect of
future bone loss is improved if markers both of formation and of resorption are
assessed simultaneously to reflect the dynamic process of bone turnover.
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4. Dietary Reference Values

4.1 Background

4.1.1 Mutrient intakes must be sufficient to meet metabolic demands and to
allow for growth in the young. There are considerable variations between
individuals and in individuals over time. The factors influencing this variation
include age, genetic make-up, body size and state of health, as well as others. The
composition of the diet is also important because of interactions between different
nutrients which affect the degree to which an individual nutrient is absorbed in the
gut and its metabolic availability. Because of this heterogeneity. diets of
populations are assessed for adequacy on a group basis in order to take account of
day to day dietary variations by measuring intakes over several days, as well as of
external factors such as season of the year. On this basis, most countries have
declared yardstick values for dietary guidance and planning (Annex 1). In the UK
these values are called Dietary Reference Values (DRVs) and they are used to
assist in interpreting dietary intake information in individuals and groups.

4.1.2  Each nutrient is considered individually and all the available information
15 taken into account in setting the three values which are described below. The
estimates of requirements for nutrients have been based on information from:

* the intakes of a nutrient needed to maintain a given circulating level or degree
of enzyme saturation or tissue concentration;

+ the intakes of a nutrient by individuals and by groups which are associated with
the absence of any signs of deficiency diseases:

* the intakes of a nuirient needed to maintain balance noting that the period over
which such balance needs to be measured differs for different nutrients, and
between individuals;

+ the intakes of a nutrient needed to cure clinical signs of deficiency;

« the intakes of a nutrient associated with an appropriate biological marker of
structural and functional adequacy.

4.2 Dietary Reference Values

4.2.1  Dietary Reference Values for energy and nutrients were most recently set
for the UK in 1991'"", They define the range of estimated dietary requirements

** This publication was reprinted with texial comections in 19%94; al the same time, in the section
on fluoride, the safe intake levels were amended 39,






















































































































































































































































































































































