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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. Its
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:
Calcitonin:

Calcidiol:

Calcitriol:

Calcium binding proteins:

Cartilage:

Chondrogenesis:
Collagen:

An indirect measure of body fatness = weight
(kg)/height (m)?.

the density of bone in a skeletal unit (g/cm?),
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 unit (g).
the density of bone mineral in a skeletal

unit (g/cm?); when measured by absorptiometry
it represents the mass of bone mineral in a
scanned area (g/cm?) 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.
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Cortical/compact bone:

Epiphysis:

Incidence:

Intervention studies:

Odds ratio:

Osteoblast:
Osteocalcin:

Osteoclast:
Osteocyte:
Osteoid:
Osteomalacia:

Osteon:

Osteonectin:
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 to non-exposure
among the diseased (cases) compared to the non-
diseased (controls) in case-control studies. The
odds ratios derived in case-control studies are
approximately equivalent to the relative risks
(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 tissue, bone matrix.

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 characterised
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:
ug:
pg:

1U:

y:
d:
25(OH)vitamin D:

1,25(OH),vitamin D:

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

BMD:
BMC:

molecular weight in grams

nanomole or 10" 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 1g
picogram or 10-'% g or one-million-millionth
of 1g

litre

International 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. 1 pg =40 IU vitamin Dy

year

day

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

nmol/1 (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
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1. Recommendations of the
report

Recommendations (Chapter 11)

1. A healthy lifestyle to maintain bone health should be encouraged at all
ages. A varied and adequate diet and regular weight bearing physical activjty
‘appropriate for the individual are beneficial. An adequate vitamin D Qtanw@_
achieved from exposure of the skin to summer sunlight although this needs to be
balanced against increasing the risk of skin cancer. Local public health policies
mﬁﬁﬁ?%mmmmﬁns for improving the health of

their population®*.

2. No change is 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.

3. 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.
5. The existing UK Dietary Reference Values for vitamin D are endorsed.
6. 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 D deficiency. The most
vulnerable groups include:

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

e 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.



7. 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 is 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.

12. 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
clinical 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. Nationally 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 acti\)\'\ty levels where possible.

23. 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 in 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 Kingdomz. 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 in Europe there is a declining 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 1980s%7. 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 Tt 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 cultural 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 years 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 Advisory 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 19982,

2.1.6  Recommendations 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
timely.



2.1.7  Statutory 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 ug retinol per 100g
and is currently regulated by the Spreadable Fats (Marketing Standards)
Regulations 1995 (SI 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.
Statutory 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
for 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 is 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.

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

2.2.1 Working Group on the Nutritional Status 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;

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

¢ to 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.”

222  Subgroup on Nutrition 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.”

223  Meetings of the Subgroup and way of working — The first of 5 meetings
was 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.

2.2.4  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?%>23, (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

< 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 ionised 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 priority.

3.2 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*t, PO, "7, 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, nutrients and gases.

322 Both osteoblasts and osteoclasts originate in the bone marrow; the
osteoblast derives from mesenchymal stem cells and the osteoclast from the
mononuclear/phagocytic cell lineage. The production of these bone cells is 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 osteoblasts 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
stress.

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 80-90 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, is limited to the vertebrae, sternum, ribs, clavicles, scapulae, pelvis,
cranial bones and the proximal femora and humeri. Other bones are filled with
yellow marrow composed mostly of fat cells.

33 The metabolism of bone

3.3.1  Boneis 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, to remove fatigue fractures, to adapt
the skeleton to physical stress related to physical activity and load bearing, and to
release ionised calcium as needed.

3.3.2  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. Thereafter
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 fluids affect the skeleton. A fall in ionised calcium leads to 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 ionised 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 to as the bone remodelling
transient?®?*26,  Calcium supplements have been used in older people with
established osteoporosis in an attempt to slow the progress of the disease.
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.

3.3.4  Metabolic effects of changes in calcium and vitamin D status ~ Calcium-
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(0OH),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(0OH),vitamin D is regulated too closely to
be a sensitive measure of vitamin D status. The most commonly used index of
status is plasma 25(OH)vitamin D which reflects both skin synthesis and dietary
intake. At all ages, from neonates’! to older people®?, lower plasma levels of
25(0OH)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(OH)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®>3® 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
3.4.1  Osteoporosis

3.4.1.1 Osteoporosis Osteoporosis 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 19944! 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.)
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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.

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

3.4.2  Clinical presentations of vitamin D deficiency

3.4.2.1 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 D concentrations less than 4 pg/l (10nmol/l)
are seen in adults with osteomalacia.

3.4.2.2 Rickets 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(OH)vitamin D concentrations below 8 pg/l (20nmol/l) are seen
in children with rickets.

3.4.2.3 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 D insufficiency may lead to involution by decreasing
the strain forces on bone. The response to vitamin therapy in osteomalacia and
rickets can be speedy and dramatic. The response to more minor degrees of
vitamin D deficiency is usually less overt and, especially in very old people,
multiply confounded by other factors*?,

3.5 The assessment of bone health

3.5.1  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 and/or 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.

3.5.2  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 uses 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 absorptiometry (SXA) enables measurements only at appendicular sites,
such as the forearm. Earlier versions of these techniques, single photon
absorptiometry and dual photon absorptiometry, used 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 is relatively high. Finally,
ultrasonic measurements of bone at heel and knee are being evaluated for their
reliability in assessing bone. This technique uses a non-ionising radiation, is
portable and relatively cheap, but not yet adequately validated for routine use.

3,54  Bone mineral mass is a major determinant of risk of future fracture.
After linear growth has ceased, whole body bone mineral content (BMC)
continues to 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*®.

3.5.5 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 turnover 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 calcium/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  Nutrient 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
is 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;

e the intakes of a nutrient 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!7**. They define the range of estimated dietary requirements

** This publication was reprinted with textual corrections in 1994; at the same time, in the section
on fluoride, the safe intake levels were amended .
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in different groups of individuals. They take account of the biological variation
between individuals which determines differing energy and nutrient needs to meet
specified criteria. Normal metabolic needs for healthy individuals, such as the
needs for growth, are taken into account, although the DRVs make no allowances
for the different energy and nutrient needs imposed by diseases. DRVs used for
food labelling purposes are specified separately and are common throughout the
European Union”’.

422  For most nutrients the DRVs comprise three levels of intake: the
Estimated Average Requirement (EAR) of a group for that nutrient; the Reference
Nutrient Intake (RNI) which is sufficient to cover the needs of nearly all the
population group and the Lower Reference Nutrient Intake (LRNI) sufficient only
for those with the lowest requirements. In developing these values, it has
generally been assumed that the distribution of requirements for a nutrient is
normal. Even when the distribution of intakes in a population is constant, the
individuals comprising the extremes are likely to vary from day to day. In
addition there is, for most nutrients, only scant information about homeostatic
mechanisms including changes in absorption which could influence dietary
requirement. It is assumed that there is some relationship between nutrient
requirement and spontaneous intake, for instance for energy requirements because
of body size. Thus, in a group of individuals with a mean intake at the RNI level,
the likelihood of a significant number of individuals not meeting their
requirements is very small. The concepts on which the DRVs were based have
been described more fully in the original report. Relevant paragraphs have been
reproduced in Annex 2.

4.2.3  In many cases, the data about nutrient requirements were only adequate
to set a RNI, as a level likely to meet the needs of virtually everyone in the
specified population group e.g. vitamin D. For energy it is important to consume
neither insufficient nor excess and only an EAR was given. Where there were
insufficient data to set DRVs but the function of the nutrient (pantothenic acid,
biotin, vitamin E, vitamin K, manganese, molybdenum, chromium and fluoride)
is important, values for an intake, or range of intakes, were estimated as sufficient
to meet the need of all individuals but not so high as to cause adverse effects. This
was called a “safe intake”, at which level there was judged to be minimal risk of
undesirable effects from too low or high an intake in any individual.

(1) Estimated Average Requirement (EAR) - The estimate of the average
dietary requirement for food energy or a nutrient.

(i1) Reference Nutrient Intake (RNI) - The amount of a nutrient that is
enough for almost every individual, even someone who has high needs for the
nutrient in the distribution of individual requirements. Notionally it represents a
value 2 standard deviations above the EAR. The level of intake is, therefore,
considerably higher than most people need and individuals consuming the RNI are
most unlikely to be deficient. If the average intake of a group is at the level of the
RNI, then the risk of deficiency in the group would be expected to be very low.
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(iii) Lower Reference Nutrient Intake (LRNI) - A nutrient intake level
notionally representing 2 standard deviations below the EAR. This amount is
enough for only the small number of people who have the lowest needs. People
habitually having intakes less than the LRNI will almost certainly be deficient.

424  The COMA Subgroup on Bone Health was asked to review the DRVs for
calcium and vitamin D. It has not re-assessed in detail the data on which the DRV
for these nutrients were based in 1991 by the COMA Working Party on Dietary
Reference Values. Rather, it has considered whether the DRV's should be changed in
the light of more recently available information. Brief mention is made about other
nutrients which might plausibly have an influence on bone health (para 7.2). The
review by this Subgroup has not considered these nutrients in the same detail.

43 Dietary Reference Values for calcium

4.3.1 The UK DRVs for calcium set in 1991 (Table 4.1) were derived by
calculating factorially from the needs for calcium for growth and for maintenance
of bone mineralisation. Allowances were made for incomplete absorption and
obligatory calcium losses. Markers of bone status were not used as criteria, nor
any aspect of bone health, in setting the DRVs. A comparison with the national
statements concerning population nutrient intakes for calcium from other
countries is at Annex 1. The UK term “Reference Nutrient Intake” is matched by
other terminologies but all implying a value which is likely to provide for the
nutrient needs of almost all of the population (para 4.2).

Table 4.1 UK Dietary Reference Values for calcium (mg/d(mmol/d))!?

525 350 450 550 1000/800

(13.1) (8.8) (11.3) (13.8) (25.0/20.0) (17.5) (+14.3)
240 200 275 325 480/450 400
(6.0) (5.0) (6.9) 8.1) (12.0/11.3) (10.0)

Notes: RNI = Reference Nutrient Intake M = Male
LRNI = Lower Reference Nutrient Intake F = Female

432  USA National Institutes of Health Consensus Development Panel 1In
1994, the USA National Institutes of Health convened a consensus conference
with other USA professional, scientific and consumer bodies to attempt to define
an optimal calcium intake at different ages'>. In reaching conclusions, the
conference rejected previous approaches in favour of “optimal function” as a basis
for their calculations. Thus, accepting the relationship between bone mineral
content/density and fracture risk, thresholds were determined for intakes of
calcium, above which there would be no additional increase in BMC/BMD. On
this basis, values were published as representing “Optimal Calcium
Requirements” for different population groups (Table 4.2). These intake levels
were all higher than the respective USA Recommended Dietary Allowance and
UK RNI values (Annex 1).
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Table 4.2 Optional calcium requirements recommended by the USA
National Institutes of Health Concensus Panel 199415

- POPULATIONGROUP: - - . - “Optimal Daily Intake” of calcium (mg)
.. DBmogths - = o . 400
 b6iomopths . = o 0 600
wbyls 0 S 800
- G0yl 800-1200
11-24years - 1200-1500
T
~ 25-65years 1000
- Over65years 1500
- Women o
H50yeas 1000
- Over 50 years (postmenopausal)
. Onoestrogens: =~ = 1000
- Notonoestogens. =~ . 1500
 Over6Syedts: = 0 © 1500
~ Pregnant or lactating . e 1200-1500

43.3  The NIH Consensus Panel defined optimal calcium intake as the levels of
consumption that are necessary (a) to maximise peak adult bone mass, (b) to
maintain adult bone mass, and (c¢) to minimise bone loss in the later years. Studies
related to calcium intake and its effects on calcium balance, bone mass and the
prevention of osteoporosis were reviewed. The report gave insufficient
information to evaluate the basis of the figures proposed for different age groups.
No evidence was given to demonstrate that the experimental measures used have
been validated as predictors of the desired functional end-points. In addition, the
data presented were not compatible with the calculation of an EAR or RNI for the
setting of Dietary Reference Values using the model adopted by the UK
Committee on Medical Aspects of Food and Nutrition Policy. The Subgroup on
Bone Health reviewed the evidence presented by the NIH Consensus Panel and
could find no scientific justification to adopt their recommendations at this stage.
It would be important to ensure that there would be no associated adverse effects
if the population intakes of calcium were to increase to the levels suggested by the
Consensus Panel.

434  Recommendations for calcium intake from other countries ~ Annex 1
gives the Dietary Reference Values for calcium for population groups in different
countries. The basis for the European Union estimates for Population Reference
Intakes and also for the French recommendations were similar to that used by the
UK, namely factorial and takes account of the requirements for growth, with
allowances for obligatory losses and varying absorption®’%%. The Australian and
New Zealand Recommended Dietary Intakes are based on values calculated to
provide enough absorbed calcium to meet obligatory losses, needs for growth and
an additional allowance at 200mg calcium per day for women over 50 years
designed, in their view, to recognise the potential role of calcium in the prevention
of postmenopausal osteoporosis>*-°.

4.3.5  Dietary Reference Intakes for the USA and Canada The USA in

reviewing its equivalent of the UK DRVs, formerly used a philosophy similar to
the UK’s to derive its values for calcium factorially'®. The Food and Nutrition
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Board of the Institutes of Medicine, with the involvement of Health Canada, has
recently undertaken a re-evaluation of Dietary Reference Intakes for the United
States and Canada®'. The report of their findings for calcium, phosphorus,
magnesium, vitamin D and fluoride was made public in August 1997. This was
after the final meeting of the Subgroup on Bone Health and was not included in
their deliberations. The general model adopted for the re-evaluation of each
nutrient by the Food and Nutrition Board was similar to that of the UK DRV
Committee. Evidence was reviewed for each nutrient (a) to establish whether an
estimated average requirement (EAR) could be defined based on a specified
indicator of adequacy, (b) if so, to calculate a recommended dietary allowance
(RDA) from EAR+2sd (equivalent to the UK RNI) and (c) if not, to estimate an
adequate intake (AI) that appears to be sufficient to sustain a defined nutritional
state. In addition, hazard identification and risk assessments were made in order
to set a tolerable upper intake level (UL).

4.3.6  The Food and Nutrition Board after reviewing the data felt able only to
propose Al values for calcium because of the lack of scientific evidence. The Al
was defined as an experimentally derived approximate group mean intake value,
based on a limited selection of calcium intakes that appear to support maximal
calcium retention. The assumption was made that maximal calcium retention may
reduce the risk of fracture secondary to osteopenia or osteoporosis. Supporting
evidence was taken from studies relating calcium intake to calcium biochemistry,
bone mineral density and fracture rates. A tolerable upper intake level was set at
2000mg Ca/day for adults, at 2500mg Ca/day for children, adolescents, pregnant
and lactating women and adults >70y°!.

4.4 Dietary Reference Values for vitamin D

4.4.1 The UK DRVs for vitamin D In the UK, Reference Nutrient Intake
values only are given for vitamin D and only for limited age groups. The RNI for
infants up to 6 months is 8.5 pg/day, from 6 months to the end of 3 years it is 7
ug/day, and for pregnant and lactating women and for people aged 65 years or over
itis 10 pg/day. Between ages 4 and 64 years no RNI is set; it is assumed that skin
synthesis of vitamin D will generally ensure adequacy which depends on regular
exposure to summer sunlight. Within this group are individuals who are at risk of
vitamin D deficiency and who require dietary vitamin D if they are to maintain
adequate status, for example where exposure to sunlight is restricted by extensive
concealment with clothing or if the person does not go out of doors, or if the skin
is pigmented (para 6.2.14) especially if their diet excludes meat and oily fish. For
these an RNI of 10 pg/day is set.

4.42  Recommendations for vitamin D intake from other countries Annex 1
gives the Dietary Reference Values for vitamin D for population groups in
different countries. The values for most countries were based on the dietary intake
needed to maintain the circulating plasma 25(OH)vitamin D concentration at
normal levels in the absence of exposure to sunlight’”-38:62, The US RDA was also
set on the basis of the dietary requirement when there is insufficient exposure to
sunlight with additional allowances for times when there is calcium deposition in
bones during childhood, and in the fetus or infant during pregnancy and
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lactation'®. The Australian Recommended Dietary Intakes assumed that there
would be adequate exposure to sunlight and a dietary source is only indicated in
exceptional circumstances and stated that housebound people might benefit from
an oral intake of 10 ug/day of vitamin D%.

4.4.3  Dietary Reference Intakes for vitamin D for the USA and Canada The
principles underlying the 1997 revision of the USA Reference Dietary Intakes
have been described earlier (para 4.3.5). As for calcium (para 4.3.5.2), the Food
and Nutrition Board felt able only to propose an Al value for each population
group for vitamin D, which was defined as the group mean intake value that
appears to be needed to maintain, in a defined group of individuals with limited
but uncertain sun exposure and stores, plasma 25(OH)vitamin D above a defined
amount®!. The latter is that concentration below which vitamin D deficiency
rickets or osteomalacia occurs. The intake value was rounded to the nearest 50IU
(1.25 pg) and then doubled as a safety factor to cover the needs of all, regardless
of exposure to sun (Annex 1). A tolerable upper intake level was set at 25 pg/day
for infants and 50 pg/day for all other population groups.
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5. Reassessment of the Dietary
Reference Values for calcium

5.1 Conclusions

5.1.1  No revision of the calcium DRVs for infants is proposed; there have
been no relevant data since 1991 (para 5.4.1).

5.1.2  After reviewing the evidence, it was felt that the available data were
not sufficient to warrant revising the DRVs for calcium for children and
adolescents. More studies with long term follow-up are required (para 5.4.6).

5.1.3  The RNI for calcium for adults, except lactating women, is 700mg/d.
Although there has been much debate about whether it represents an
adequate intake, the data on which to base proposals for an increase are few.
In particular, studies with long term follow-up and using clinical outcome
measures are needed. There is evidence that calcium intakes below the
current LRNI of 400mg/d might not be compatible with good bone health.
The Subgroup therefore did not propose changes to the current DRVs for
calcium (para 5.4.12.2).

5.1.4  The factors taken into account by the DRV Panel in 1991 in deciding
that the RNI for calcium during pregnancy should be the same as for adults
who are not pregnant were reviewed and confirmed. The Subgroup found no
basis on which to recommend otherwise (para 5.4.13).

5.1.5 The UK RNI for calcium during lactation includes an additional
550mg derived factorially. Recent data suggest that this increment might not
be necessary. The Subgroup considered it prudent to await further data
before deciding whether to revise this increment (para 5.4.14).

5.2 Metabolism of calcium and bone status

5.2.1 More than 99 per cent of the body’s calcium resides in the skeleton,
mainly as crystalline hydroxyapatite. The remaining one per cent is in tissues and
fluids, where it is essential for maintaining biomembrane integrity and
permeability (which is important for normal neuromuscular function), inter-
cellular and intra-cellular signalling and enzyme regulation. During childhood
and young adulthood, bone mineral content increases to a peak at about 30 years
of age, after which it declines slowly. It is important to ensure that the calcium
needs of the growing skeleton are met: at birth the total body calcium is 25g and
in adulthood it is about 1000g.
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5.2.2  Calcium absorption from foods Calcium absorption, which is
modulated by vitamin D (para 6.2.2), occurs predominantly in the jejunum, and
also in the ileum and colon. It can be measured by a variety of techniques, the
most accurate is isotopic labelling®®. As calcium intakes increase, the active
mechanism becomes saturated and any further calcium absorption occurs by
passive diffusion. The net result is an increase in the absolute amount of absorbed
calcium with increasing intake but a decrease in fractional absorption. Increased
fractional calcium absorption has been demonstrated during the months August to
October when compared with March to May®*. These mechanisms may in part
account for the different results from absorption and calcium balance studies on
populations with higher or lower customary intakes of calcium.

523  Most of the calcium in foods forms complexes with other dietary
constituents. Gastric acid secretions assist the solubility of calcium salts. Thus,
reduced acid secretion, which is more common in older people, reduces the
absorption of calcium. The calcium in milk is better absorbed than that from most
other sources. Calcium from breast milk is absorbed more efficiently than
calcium from cows’ milk or infant formula'’. Particular dietary components such
as oxalate, phytate, protein and other substances are more likely to bind the
calcium in large molecular complexes. A diet of cereals which is rich in many of
these substances should theoretically decrease calcium absorption by binding
calcium in the small intestine, but the results have been unpredictable in studies
using test diets®. Diets rich in bran are generally associated with reduced calcium
absorption® but it is still unknown to what extent hydrolysis in the lower intestine
can compensate for high intakes of phytate in humans through the release of
bound calcium and subsequent absorption. There may also be competition with
other divalent cations such as Fe** which may reduce the absorption of Ca**.
Other dietary components such as fat, phosphate, magnesium, caffeine and non-
starch polysaccharide (with the exception of large amounts) have not been found
to affect the overall retention or excretion of calcium significantly although they
can have short term effects on absorption and excretion rates®. Diet composition,
for example sodium and high dietary protein intakes have also been associated
with increased urinary calcium®’,

5.24  Individuals demonstrate great physiological adaptability in their
absorption, excretion and metabolic use of dietary calcium. For example, during
periods of growth when the biological requirement is high®®, calcium conservation
mechanisms become more efficient if calcium intake is low®®. There are also
physiological changes in calcium and bone metabolism during pregnancy and
lactation to meet the increased demand for calcium (para 5.4.13, 5.4.14). Little is
known about whether the adaptive response is limited by factors such as age,
oestrogen status and exposure to high or low calcium intakes early in life and
nothing is known about the range of inter-individual variability in the capacity to
adapt to low calcium diets. The major determinant of calcium homeostasis
appears to be the plasma level of ionised calcium, sustained in part by the
mobilisation and deposition of skeletal calcium (see para 3.3.3). This immediate
response to a diminishing calcium supply is thought to precede adaptation to
increase calcium absorption and decrease calcium excretion. In adults, adaptation
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to a-change in diet can be very slow; adult men introduced to a diet containing half
the amount of calcium than their customary diet took several months to regain
calcium balance’. This is an important qualifying factor in using balance studies
to assess dietary calcium needs (para 4.1.2). These variations in bioefficacy need
to be accommodated within any consideration of the nutrient adequacy of the diet.

5.2.5  Adverse effects of high calcium intakes  Body calcium metabolism is
under such close homeostatic control that an excessive accumulation in blood or
tissues from overconsumption is virtually unknown. Life-threatening calcium
toxicity is rare but is evident in case reports of “milk-alkali syndrome”, presenting
with hypercalcaemia, metabolic alkalosis and renal failure, caused by the
consumption of very high amounts of both calcium and alkali that can lead to
promotion of calcium retention’!. The Food and Nutrition Board of the USA
National Institutes of Medicine set an upper tolerable intake level of 2000mg/day
for most adults and 2500mg/day for other population groups (para 4.3.6)°!. High
dietary calcium intakes appear to decrease the risk of symptomatic kidney stones
but use of calcium supplements may increase the risk’!72. High calcium diets can
influence the bioefficacy of other minerals. Calcium inhibits iron absorption and
studies in humans suggest that high-calcium diets affect zinc metabolism but the
exact mechanism is not known’!-3,

543 Dietary Reference Values for calcium: a review of the evidence

5.3.1  The DRVs for calcium were set in the UK in 1991!7. The basis for the
values chosen was factorial calculations, which took account of that amount of
calcium needed to cover involuntary calcium losses as well as increments for
growth in childhood. COMA did not consider that bone status was sensitive as a
marker of nutritional status in regard to calcium. It rejected all of the measures of
bone health, fracture, BMC, BMD, and bone biochemical markers because of the
difficulties of relating calcium status to long term functional outcome and because
of the several confounding factors influencing bone health. They concluded that
there were no markers of bone health that were useful as indicators of calcium
nutritional status.

5.3.2  Inreviewing the DRV for this report the Subgroup looked for evidence
of a benefit of higher intakes than the current RNI, wherever possible from
longitudinal and intervention trials.

54 Dietary Reference Values for calcium for different population groups

5.4.1  Infants
RNI 525mg/d(13.1mmol); LRNI 240 mg/d(6.0mmol)

Breastmilk calcium levels decline after the first 12 weeks of lactation. The levels
vary between individuals and between communities. Communities with low
dietary calcium intakes may have low breastmilk calcium levels, but this is not
inevitable’.  Supplementat on studies have shown that breast milk calcium
concentrations are not responsive to an increase in calcium intake by lactating
mothers’>76. In this country, an average calcium intake for breastfed infants is
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250mg/day’’, and it is assumed that 55-60 per cent is absorbed. Only about 40 per
cent of the calcium in cows’ milk-based formulas is absorbed, so the calcium level
in these products is set higher to compensate.

In conclusion:

No revision of the calcium DRYVs for infants is proposed; there have been no
relevant data since 1991 (conclusion 5.1.1).

5.4.2  Children and adolescents
1-3 years: RNI 350mg/d(8.8mmol); LRNI 200mg/d(5.0mmol)
4-6 years: RNI 450mg/d(11.3mmol); LRNI 275mg/d(6.9mmol)
7-10 years: RNI 550mg/d(13.8mmol); LRNI 325mg/d(8.1mmol)
11-18 years: RNI male 1000mg/d(25.0mmol);
female 800mg/d(20.0mmol);
LRNI male 480mg/d(12.0mmol); female 450mg/d(11.3mmol)

5.4.3  Children need to absorb 70-150mg calcium per day for growth and bone
mineralisation. During adolescence bone growth is considerable, and greater for
boys. This requires a daily absorbed amount of calcium of at least 250mg for girls
and 300mg for boys, and it can be higher. It is agreed that it is important to meet
these requirements in order to achieve a peak bone mass which reflects the genetic
potential of each individual’®. A high peak bone mass helps to ensure that as age
related bone loss occurs it does not lead to a level of bone mass so low that the
risk of fracture increases in old age. It has been suggested that low calcium
intakes may contribute to stunting (linear growth retardation), which is the most
common disorder of skeletal growth on a world scale. The aetiology of stunting
is complex and is generally considered a manifestation of chronic malnutrition”.
It is plausible that low intakes of calcium might be important in determining poor
growth performance, but data are lacking®.

5.4.4  Several recent supplementation studies of children and adolescents have
observed increases in BMC and BMD of 2-6 per cent in response to
supplementation with calcium salts (Table 5.1a, 5.1b)81:8283.848586 I general,
this has not been associated with alterations in skeletal size although increases at
the lumbar spine have been reported®>#°. There is no obvious relationship between
the magnitude of the increase in bone mineral achieved in the different studies and
the customary calcium intake of the study group or the level of calcium
supplementation used’®. It is possible that the response may be greater in, or
limited to, children with lower calcium intake®® or who are at specific stages of
development®!-848 but the data are not consistent3283:84.87,

5.4.5  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. There is evidence that the increase in bone mineral appears early in
the supplementation period with little additional effect thereafter®!:8, that it is
associated with a decrease in bone formation as demonstrated by plasma
osteocalcin concentrations®! and that it disappears on withdrawal of the
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Table 5.1a Calcium supplementation studies in children and adolescents
(all randomised controlled trials) (see also Table 5.1b)

1000 CCM Reduced
il M+F 79 83 280 |300 CaCo, 18 nm + 0
7 M+F 44 40 570 300 CaCo, 18 nm + 0
8 F 36 36 <880 | 850 Caphos 12 nm + +
8 E 31 41 >880 850 Caphos 12 nm 0 0
" M+F 23" 23" 900 1000 CCM 36 No change 0 0
12 F 48 46 960 500CCM | 18,24 nm + nr
1 F 120 128 880 500/ 6 nm + nr
1000 CCM
14 F 42* 42* 730 1000 CLG | 6,12,18 nm +** nr
10 M +F 80 80 350 |714 CaCO, 12 nm + nr
Notes: M = male; F = female + = an increase in bone mineral
CCM = calcium citrate malate $ = no evidence of an effect of pubertal status
Caphos = calcium phosphate extracted from milk 0 = no effect
CLG = calcium lactate gluconate 1 difference between groups several months after stopping the supplement
nm = not measured * twin studies
nr = not reported ** effect confined to first 6 months with no further effect by 18 months
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Table 5.1b Calcium supplementation studies in children and adolescents:magnitude of the bone effect at different skeletal sites (see
also Table 5.1a) (results presented here have been reworked from the original data)

Country and Bone mineral content Bone mineral density Bone area Height
pubertal - - -
status Skeletal site G Skeletal site

B T8 RS i W 8 RS ;

Pre-puberty

USA ;

Johnston et al 1992 81 nm nr nr nr nm +5.11 +2.81 +1.2 nm nr nr nr 0
China o

Leg et al 1994 & nm +2.3* nm nm nm +3.2** nm nm nm -0.7 nm nm 0
Hong Kong

Lee et al 1995 & nm +0.9 +4.7* +0.8 nm +1.7 +3.7 -0.6 nm -1.0 +2.5% +1.6 0
Johnston et al 1992 81 nm nr nr nr nm -0.1 1.0 -04 nm nr nr nr 0
USA

Lloyd et al 1993 +2.0 nm +4.7 nm +1.3* nm +2.9% nm -3.6 nm +0.5 nm 0
at 18 mth 9

. +4.6* nm +7.8% nm +2.1%* nm +4.1* nm +1.7 nm +2.5 nm 0
at 24 mth 84

USA

Andon et al 1994 100 | +1.1/+2.2* nm nm nm nr nm nm nm nr nm nm nm nm
Pre-, peri- and pos

puberty combin:

USA e

Johnston et al 1992 81 nm nr nr nr nm +2.51 +0.7 +0.4 nm -0.3 17 +3.9 0
Australia

Nowson et

Al 19a7 e nm nm nr nr nm nm +1.5%* +1.1 nm nm 0 nr 0
The Gambla

Dibba et al 1997 87 nm +4.0* nm nm nm +5.1** nm nm nm -1.0 nm nm 0

Notes: nm = not measured; nr = not reported; 0 = no effect
Data are per cent increase in supplemented group minus per cent increase in placebo group
1 95% confidence interval did not include zero;

* p<0.05; ** p <0.01; no other differences were statistically significant
*** effect confined to first 6 months

TB = total body; RS = radius shaft; LS = lumbar spine; FN = femoral neck. (Other sites were monitored in
individual studies, e.g. wrist, pelvis, Ward'’s triangle, trochanter - not presented in this table)



supplement88388, This pattern suggests that the increase is due to the bone-
remodelling transient (para 3.3.3), in which a decrease in bone turnover is
accompanied by a reversible, incremental increase in bone mineral due to reduced
numbers of resorption cavities on bone surfaces?®. There are no data to determine
whether an increase in bone mineral associated with decreased bone formation or
turnover represents a benefit for growing children nor whether it results in an
increase in peak bone mass in adulthood.

5.4.6  Milk and bone health Retrospective and ecological studies reporting a
link between high calcium intake in childhood and decreased risk of osteoporosis
in later life% have generally quantified milk intake®® but many have failed to take
account of confounding factors such as physical activity’'. Recent evidence
suggests that milk may exert an anabolic effect on the growing skeleton that is
different from that of calcium salts alone, possibly as a result of the associated
increase in protein intake®?. Increases in bone mineral have also been observed
after supplementation with milk and dairy products®>“3. In the longer term, a study
of Welsh children who had participated in a two-year milk supplementation trial
at age 7-9 years found no evidence of increased bone mineral at 20-23 years®*.
Between country comparisons show a positive association between higher
customary calcium intakes generally due to high intakes of milk and higher rates
of hip fracture in older age®® but these correlations are confounded by several
factors including particularly differences in the levels of physical activity and
vitamin D status between the populations being compared.

In conclusion:

After reviewing the evidence, it was felt that the available data were not
sufficient to warrant revising the DRVs for calcium for children and
adolescents. More studies with long term follow-up are required (conclusion
5.1.2).

54.7  Adults 7
RNI 700mg/d(17.5mmol); LRNI 400mg/d(10.0mmol)

5438 Younger adults ~ Once maximum height has been reached, there is a
limited increase in bone mass, of around 5 per cent of the total, before peak bone
mass is attained. Bone remodelling continues to renew, reshape and repait the
bones and there is a small but significant periosteal apposition as the long bones
get broader throughout life. From about age 35-40 years, bone mineral is lost at
an average rate of 0.3-0.4 per cent of bone mass per year.

5.4.9  Peri- and postmenopausal women  The menopause is defined as the
cessation of menses which marks failure of the ovarian function to secrete the sex
hormones, oestrogen and progesterone. In the peri- and early postmenopausal
period there is sparse evidence to link bone loss with customary calcium intake,
or little to support widespread pharmacological calcium supplementation. In
studies 'which have included both early postmenopausal and older women,
calcium supplementation appears to have had little effect on BMD in women who
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Table 5.2 Calcium supplementation in healthy early postmenopausal women: controlled studies of the magnitude of the effect on bone
loss (results presented here have been reworked from the original data)

Peri + PM
52 0.5-6 34 36 v v 480 1200* 29 LS Y Y 0 NS
FN Y Y + 0.03
w Y ¥ 0 NS
Troc Y Y 0 NS
RP N N 0 NS
WB Y Y + 0.006
55 3(<5) 53 16 v v approx 500 2 LS Y Y 0 NS
400 FN N [\ 0 NS
RP N N (+) NS
52 0.5-3 36 19 X X 660 1000 2 LS Y Y 0 NS
RP (Y) Y 0 NS
MC Y Y 0 NS
50 15 14 1 v v nm 2000 2 LS ¥ Y 0 NS
WB Y Y (+) NS
FP Y Y + <0.05
FD Y Y 0 NS
Notes: R =randomised; P = placebo controlled; v = yes; X = neither R nor P apply; Bone loss:

Peri = perimenopausal; PM = post menopausal; NS = no statistically significant

difference; nm = not measured; * each participant supplemented with calcium to achieve a total daily
intake of 1700mg.

Bone site:

LS= lumbar spine; MC = metacarpals; FN = femoral neck (hip); W = Ward’s triangle (hip); Troc =
trochanter (hip); RP = radius proximal; WB = whole body; FP = forearm proximal; FD = forearm distal

Y = loss significantly different from 0; (Y) = loss >1% per year but NS;
N = significant bone gain, or no bone loss
Effect of supplementation on bone loss:

+ = reduced bone loss P<0.05; (+) = magnitude of difference in loss >1% per year but P >0.05;

0 = magnitude of difference in loss <1% per year, P >0.05.




are within the first five years after the menopause!®! (Table 5.2). The most
effective means of preserving bone mass in early postmenopausal women is
through the use of oestrogen replacement therapy?. One study has suggested that
calcium intake may influence the effect of hormone replacement therapy (HRT)
on BMD so that a reduced dose of oestrogen may be required with a higher
calcium intake!?%. A recent analysis of HRT trials which compared those in which
calcium intake was also increased with those with no dietary modification
suggested that the response to HRT may be greater in women who also increase
their calcium intake!?3, In this analysis, the average calcium intake of women
without dietary modification was 563mg/day. These findings are consistent with
data from older women which suggest that a low calcium intake is not compatible
with good bone health and that this includes women on HRT. These findings
require formal testing!'%4.

5.4.10 Older women

5.4.10.1 Calcium supplementation trials and bone loss  In studies of calcium
supplementation of women several years after the menopause (both subjects
selected from the general population and those with osteoporosis), where
significant bone loss was recorded in the control group, calcium supplementation
did not prevent some bone loss from occurring. However, in general, women
receiving calcium supplements had BMDs that were 1-3 per cent higher than those
who did not receive supplements, particularly in regions of the skeleton rich in
cortical bone (Table 5.3). Long term studies suggest that any effects of calcium
supplementation largely occur in the first 1-2 years'%1%® and that they are
mediated by a reduction in bone turnover!*!'%, The role of customary calcium
intake is still unclear. In one study'?' the effect on bone was limited to those with
daily calcium intakes less than 400mg/day compared with those whose intake was
in the range 400-650mg/day. In other studies, any effect of calcium
supplementation was not related to the customary dietary intake of calcium.

5.4.10.2 Calcium supplementation trials and fracture

6 Case-control studies in Britain'?2, Australia'?® and Canada!?* have all
reported no relationship between calcium intake and risk of hip fracture. In
contrast, case-control studies from Hong Kong!'? and Southern Europe!?® suggest
an increasing risk of hip fracture with declining calcium intake.

(ii) Cohort studies on groups of elderly people have also been inconsistent:
in Britain'?” and the United States'?® no relationship between calcium intakes and
risk of hip fracture was suggested, while a second US study'?® reported a
significant increase in hip fracture risk with declining calcium intake. Although
these studies differ in the populations selected and several other potential
confounding variables for hip fracture risk, their findings are consistent with a
threshold for increasing fracture risk below calcium intake around 400-500mg
daily. A recent meta-analysis of studies of the relation between calcium intake and
fracture risk supported the likelihood, on the basis of observational studies, that a
low calcium intake i.e. below the UK LRNI is not compatible with good bone
health!3?. Intakes in Hong Kong and certain parts of the United States fall below
these levels and it is noteworthy that studies performed in these areas have
demonstrated beneficial effects of calcium intake on hip fracture risk.
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Table 5.3 Calcium supplementation in women more than 5 years beyond the menopause:
controlled studies of the magnitude of the effect on bone loss (results presented here have been reworked from the original data)

Country | Mean age | Years since | Number in group Study design |  Calcium intake (mg/d) | Duration | Bone site B Effectof | Statistical
~ . (years) | menopause | i : , . ! ‘ (mean) ofsupple: F ool s suppl on | significance
; . - mentation | ———— | honefoss | =
Suppl Unsuppl | R P Diet’ | Supplement | (years) | . Suppl | Unsuppl: [ . 4
USA 66 16 88 89 v v 710 1600 4* LS N N 0 NS
Riggs 1998 114 FN N N + <0.05
, WB N N + <0.05
USA 75(VF) o 51 4 v 4 450 1200 43 RP N Y + <0.001
Recker et (<1000)
al 1996 111 T2(NVF) nr 40 59 v v 410 1200 43 RP N Y NS
" (<1000)
Australia 63 16(>10) ' 42 42 v/ v/ 800 1000 2 LS N N 0 NS
Prince et : (<1000) FN Y Y 0 NS
al 1995 110 Troc N Y + <0.05
Int N Y + <0.05
' Ankle Y Y + <0.05
New Zealand 58 9(>3) v v 750 1000 0-2 24 02 24 02 24 02 24
Reid et al @) (b) @ (b) @ (b) @ (b
1993 (a) 109 (a) 61 (a) 61 (a) 2 LS N N N N + 0 004 NS
1995 (b) 108 (b) subset (b) subset (b) 4 FN N Y N Y 00 NS NS
can 38 40 w N N Y Y + 0 004 NS
Troc Y N Y N 0 0 NS NS
wB Y Y Yy y + 4+ 0.005 0.02
Switzerland 72 23 55 25 v v 620 800 15 LS N N 0 NS
Chevalley FN N N (+) NS
et al 1994 112 FP N N + <0.05
Hong Kong 75 nr 12 12 v v/ 260 800 0.8 LS (Y) (Y) (+) NS
Lavet FN v) ) ) NS
al 1992 113 w N ) + <0.05
Int N N + <0.05
USA : 60 13 (>5) 62 33 v v <400 500 2 LS N Y + <0.05
Dawson- FN N Y + <0.05
Hughes RP N Y + <0.05
etal 1990 1ot
53 44 v v >400 500 2 LS Y Y 0 NS
FN N N 0 NS
RP N N 0 NS
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(Table 5.3 contd)

Mean age | Yearss Number in g Calcium intake (m Duration Bone loss  Effectof | Statistical
(years) menopause (mean) | of supple- o , suppl on | significance
- - mentation : bone loss
Suppl Unsuppl R P Diet Supplement |  (years) Suppl Unsuppl
USA
Smith 53 7 44 38 v v 680 1500 4 RP Y Y + <0.05
et al 1989 115 Humerus Y Y + <0.01
66(VF) nr 22 19 v v nm 1000 3 LS N N 0 NS
Australia
Polley 57 8(<10) 34 56 v X 700 1000 0.8 FP N Y + <0.001
et al 1987 117
UK 50 6 24 18 X X nm 800 2 ub Y Y + <0.05
Horsman RD Y, Y (+) NS
etal 1977 118 MC Y ¥ (+) NS
Reckex . 57 9 22 20 v X 550 1040 2 RD e Y 0 NS
etal 1977 119 MC Y Y + <0.05
Australia
Nordin 65 20 20 4 X X nm 1200 variable MC (Y) Y (+) NS
etal 1980 120
60 nr 19 17 v v nm 1000 1 FN N Y (+) NS
FS N Y (+) NS
Notes: R = randomised; P = placebo controlled; v = yes; X = no; VF = history of vertebral fracture; Bone site:

NVF = no history of vertebral fracture; nr = not reported; nm = not measured;
NS = no statistically significant difference

Bone loss:

Y = loss significantly different from 0: P<0.05; (Y) = loss >1% per year but NS at P >0.05;
N = significant bone gain, or no bone loss

NS = no statistically significant difference P>0.05

RP = radius proximal; LS = lumbar spine; FN = femoral neck (hip); Troc = trochanter (hip);
Int = intertrochanteric region (hip); W = Ward’s triangle (hip); WB = whole body; FP = forearm proximal;
UD = ulna distal; MC = metacarpals; RD = radius distal; FS = femoral shaft

Effect of supplementation on bone loss:

+ = reduced bone loss P <0.05; (+) or (-) = magnitude of difference in loss >1% per year but P > 0.05;
0 = magnitude of diffence in loss <1% per year, P >0.05.

* 1 woman in supplemented group developed milk hypercalcaemia and 44 in supplemented group

(7 in placebo) had hypercalciuria (>35 mg/d)
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Table 5.4 Calcium supplementation in women more than 5 years beyond the menopause:
controlled studies of the effect on fracture

Country Mean age Number in group Study design Calcium intake (mg/d) Duration Fracture How % particpants with new Statistical
(years) (mean) of supple- site fracture fracture significance
mentation diagnosed
Suppl Unsuppl Diet Supplement (years) Suppl Unsuppl
USA 75 (VF) 53 41 v 450 1200 43 Vertebra Morphometry 28 51 0.02
Recker (< 1000)
et al 1996 111 72 42 61 410 1200 43 Vertebra Morphometry 29 21 NS
(< 1000)
USA
Riggs 66 88 89 4 710 1600 4* Vertebra Morphometry 9 10 NS
etal 1998 114 Others Clinical 13 13 NS
New Zealand 58 38 40 v 700 1000 4 All Clinical 5 18 0.04
Reid
et al 1995 108
Switzerland 72 54 25 4 620 800 15 Vertebra Vertebral 1" 16 NS
Chevalley height
et al 1994 112 Vertebra Ratio of 20 44 <0.05
vertebral
heights
Others Clinical 4 8 NS

Notes: R =randomised; P = placebo controlled; v = yes; VF = history of vertebral fracture;
NS = no statistically significant difference

* 1 woman in supplemented group developed milk hypercalcaemia and 44 in supplemented group
(7 in placebo) had hypercalciuria (> 35mg/d)




(111) The few trials which have used fracture as an end-point have shown small
effects from calcium in reducing fracture risk. Again, some of these trials have been
performed in healthy women, while others have been performed in those with
prevalent vertebral fracture, and all had small sample sizes (see Table 5.4).

54.11 Men Twenty five per cent of fractures in people aged 65 years or over
are in men. The importance of this public health problem has been overshadowed
by the higher rates of fracture in women of the same age. Limited evidence from
cross-sectional studies'*"132 confirms that men’s bones are affected by a decline
in the efficiency of maintaining bone health associated with age, as well as with
non-nutritional factors such as smoking and body composition. A study in USA
of men aged 30-87 years'?® with a high dietary calcium intake (mean 1159mg/d)
found 1 per cent per year bone mineral loss from the radius and 2.3 per cent per
year from the vertebrae. The same study could demonstrate no effect in a
controlled trial of a combined calcium and vitamin D supplement on bone loss
over 3 years (Table 5.5). As with women, bone health may be adversely affected
by other diseases and/or therapeutic interventions such as corticosteroids. Men
who are hypogonadal have more rapid loss of calcium and bone which can be
treated with replacement of testosterone?.

5.4.12 Intervention trials with calcium and vitamin D combined (men and
women)  In assessing the influence of specific nutrients on bone health, it is
important to avoid confusing the results of trials which are supplemented with
single nutrients with those of multi-nutrients. However, for purposes of
developing a public health policy, the outcome of trials of supplements which
combine the nutrients calcium and vitamin D should also be assessed.

5.4.12.1 Effects on bone loss There have been studies of the effect on bone loss
of supplementation with calcium and vitamin D combined using doses of between
500-1200mg calcium taken daily with vitamin D in doses which exceeded the UK
RNI (Table 5.5). Bone loss showed no consistent pattern over periods of up to 3
years. In women in USA, whole body bone loss was less in the supplemented
group but there were no differences at the femoral neck or the lumbar spine. The
results of trials on men are also not persuasive that there is an effect; although the
duration of the studies, 3 years, may not be long enough to demonstrate an effect
(para 5.4.11).

5.4.12.2 Effects on fracture incidence There have been two longitudinal
controlled trials of the effect on fracture of supplementation with vitamin D and
calcium combined. The larger in Lyon, France, studied 1765 women aged 69-106
years resident in apartment houses for elderly people or nursing homes. The
treated group received 20 pg vitamin D and 1.2g calcium daily. After 18 months,
there was significantly lower rate of fracture of hip and of all non-vertebral
fractures combined in the supplemented group'?3. Similar results were found after
the same study had continued for 3 years*’ (see Table 5.6). The cumulative
fracture rates showed divergence of the supplemented and placebo groups at
around 8 months for hip fracture and by 3 months for other non-vertebral
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Table 5.5 Calcium and vitamin D combined supplementation in older men and women:
controlled studies of the magnitude of the effect on bone loss (results presented here have been reworked from the original data)

Country Years since |  Number in group Study design Supplement Bone site Bone loss Statistical
. menopause doses ; - significance
" ‘ (per day) '
— ~ (mg/d) ‘ - -
Suppl Unsuppl (mean) Suppl Unsuppl
USA 72 nr 101 112 v 740 500mg 3 FN N N 0 NS
Dawson- (women) Ca+ LS N N 0* NS
Hughes 17.5ug WB N Y + <0.001
etal 1997 44 D3
- 86 90 v 710 500mg 3 FN N ¥ + <0.001
Ca+ LS N N + 0.03
17.5ug WB N Y + <0.001
D3
France 84 nr 27 29 v 510 1200mg 15 FN N N + 0.036
Chapuy (women) Ca+ Troc N N + 0.044
etal 1992 133 20pg Int N N 0 NS
D3 Total hip N Y + <0.001
USA 58 - 41 36 v 1160 1000mg 3 LS Y Y 0 NS
Orwoll (men) Ca+ RP Y Y 0 NS
etal 1990 25u9 RD Y Y 0 NS
. D3
Australia 65 20 23 41 X nm 1200mg Ca +| variable MC Y Y 0 NS
Nordin (women) 2.5mg-12.5mg
et al 1980 120 VF vit D
Notes: R =randomised; P = placebo controlled; v = yes; X = neither R nor P apply; Bone loss:

nr = not reported; nm = not measured; NS = no statistically significant difference;
VF = history of vertebral fracture

Bone site:

FN = femoral neck (hip); LS= lumbar spine; WB = whole body; Troc = trochanter (hip);
Int = intertrochanteric region (hip); RP = radius proximal; RD = radius distal; MC = metacarpals

Y = loss significantly different from 0; N = significant bone gain, or loss not significantly

different from 0

Effect of supplementation on bone loss:

+ = reduced bone loss; 0 = magnitude of difference in loss <1% per year, P >0.05,

* significant, positive effect noted after 12 months but not after 3 years
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Table 5.6 Calcium and vitamin D combined supplementation in older people:

controlled studies of the effect on fracture

Country Mean age Number in group Study design Calcium intake (mg/d) Vitamin D Duration ~ Fracture % participants with new Statistical
(years) and sex . - (mean) - supple- of supple- |  site ‘ fracture | significance
mentation mentation ‘ '
(per day) (vears)
Suppl Unsuppl R . Diet | Supplement | .  suppl Unsuppl

USA V4l 187 202 v 710 (M) 500 17.5ug D3 3 Non-vert 5.9t 12.91 0.02

Dawson- (86M+101F) | (90M+112F) 740 (F)

Hughes

et al 1997 4

France* 84 877 888 / 510 (F) 1200 209 D3 15 Hip 24 42 0.043

Chapuy Non-vert 75 10.9 0.015

et al 1992 138

France* 84 872 893 v 510 (F) 1200 20p9 D3 3 Hip 12.5 174 <0.01

Chapuy Non-vert 25.0 31.8 <0.01

etal 1994 #

Notes: R = randomised; P = placebo controlled; v = yes; M = Male; F = Female
Non-vert = all non-vertebral fractures (including hip)
1 Fractures were more common among the women




fractures. This rapid response suggests that the effect may have been due to an
improvement in the myopathy which characterizes vitamin D deficiency.
Although the two groups had been shown to be similar at baseline in the
proportion who had recent falls, no data were presented on the fall rates in the
groups during the study. The most recent study from Boston, USA, recruited
healthy volunteers aged 65 years or older**. At 3 years the cumulative incidence
of non-vertebral fractures in the supplemented group was significantly lower than
that in the placebo group. The divergence between the rates of fracture in the
supplemented and in the unsupplemented groups was manifest at 6 months. There
was no difference in the fall rate between supplemented and unsupplemented
groups so this did not account for the observed differences in fracture rates.

In conclusion:

The RNI for calcium for adults, except lactating women, is 700mg/d.
Although there has been much debate about whether it represents an
adequate intake, the data on which to base proposals for an increase are few.
In particular, studies with long term follow-up which use clinical outcome
measures are needed. There is evidence that calcium intakes below the
current LRNI of 400mg/d might not be compatible with good bone health.
The Subgroup therefore did not propose changes to the current DRVs for
calcium (conclusion 5.1.3).

5.4.13 Pregnant women
RNI 700mg/d(17.5mmol); LRNI 400mg/d(10.0mmol)

During pregnancy there are major changes in hormonal patterns and metabolism.
Maternal plasma calcium concentrations fall by about 5 per cent, a change which
is established by 10 weeks gestation and maintained to term. It is thought to
follow haemodilution and a reduced protein bound calcium fraction. Active
transport mechanisms in the placenta ensure that the fetal plasma calcium levels
are maintained at a higher level than maternal, although there is bi-directional
flux. Parathyroid hormone (PTH) and calcitonin levels for mother and fetus are
independently controlled and neither cross the placenta. The active transport of
calcium possibly explains why fetal plasma PTH is lower and calcitonin levels
higher than those of the mother. The placenta is capable of synthesising
1,25(OH),vitamin D, and despite a rise in its binding protein, free levels of plasma
1,25(0OH),vitamin D increase by up to 70 per cent in normal women during
pregnancy. These changes account for the observed increase in efficiency of
absorption of calcium from the diet which allows the mother to meet the increased
calcium requirements of pregnancy by adaptation without the need for a dietary
increment. This occurs without, in most cases, significant reductions in BMD!3
although there are exceptions’. A decrease in bone mineral does not necessarily
imply that calcium supply is insufficient, nor that increasing the dietary calcium
intake will prevent it.

In conclusion:
The factors taken into account by the DRV Panel in 1991 in deciding that the
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RNI for calcium during pregnancy should be the same as for adults who are
not pregnant were reviewed and confirmed. The Subgroup found no basis on
which to recommend otherwise (conclusion 5.1.4).

5.4.14 Lactating women
RNI 700mg/d(17.5mmol); plus increment 500mg/d(14.3mmol)

There is no evidence that lactation, even when frequent and prolonged, has a long
term influence on the bone health in later life of individual women. Lactation is
commonly but not invariably associated with bone mineral changes during the first
3 to 6 months which are related to the volume of breast milk produced!¥. The
reduction in bone mineral, where this occurs, may amount on average to 4 per cent
in the spine but is much less on a whole body basis'*¢. The decrease in bone
mineral is observed in populations with low and high calcium intakes and is not
affected by calcium supplementation'?’ (Table 5.7). The decrease is reversed
towards the end of lactation and after cessation of breastfeeding!®. For women
who become pregnant during or shortly after lactation there is evidence that the
recovery of bone mineral occurs during the subsequent pregnancy!®. These data,
which have become available since the UK DRVs were last reviewed, suggest that
additional calcium intake during lactation is not required for long term bone
health. No decision was made to remove the increment during lactation pending
the outcome of other long term studies now in progress.

In conclusion:

The UK RNI for calcium during lactation includes an additional 550mg/d
derived factorially. Recent data suggest that this increment might not be
necessary. The Subgroup considered it prudent to await further data before
deciding whether to revise this increment (conclusion 5.1.5).
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Table 5.7 Longitudinal studies during lactation to assess relationship between calcium intake and bone changes

Country Number in group Post partum age at | Calcium intake (mg/d) Bone site _Correlation hetween
- : startof at 1-3 month bone change and

Breastfeeding Mother not Not recently pregnant study ~lactation (mean) calcium intake

‘ ; : ~ breastfeeding or lactating L

Observational studies

Englang. =

Laskey et al 1998 137 47 1" 22 2 week 1250 LS, hip, WB, RS, RD 0

USA

Krebbs et al 1997 143 26 8 0.5 week 1390 LS, RS 08

Chile .

| Lopez et al 1996 140 30 - 26 4 week 1480 LS, hip 0

USA s

Sowers et al 1993 142 90 20 - 2 week 1320 LS, hip 0

USA

Hayslip et al 1989 141 12 7 - 2 day 1790 LS, RS, RD 0

| Supplementation

studies ** ‘ . .

USA . P 87 81 O 2 week 740 (+1000***) RS, RD, LS, WB 0

Kalkwarf et al 199776 76 82 - 4-6 month 690 (+1000***)t RS, RD, LS, WB 0*

Australia 79 : ; 1 week 1050 (+1000***) LS, hip, FD, FS 0

Kent ef al 1995144

‘The Gambia 60 - - 1.5week 280 (+700***) RS, RD 0

Prentice et al 1;99514;5

USA v 15 <2 week 1300 (+1000***) LS, WB, RS, RD, US, UD 0

Cross et al 1995146

Notes: Al studies demonstrated significant changes in bone mineral at one or more skeletal site in lactating Correlation:

women that were not seen in the controls.

Bone site:

LS = lumbar spine; WB = whole body; RS = radius shaft; RD = radius distal; FD = forearm distal;
FS = forearm (radius + ulna) shaft; US = ulna shaft; UD = ulna distal

0 = none; + = smaller decrease in bone mineral associated with higher calcium intake.

* Ca supplementation increased bone mineral density at the lumbar spine in both lactating and
non-lactating women, but had no effect on the patterns of change post-partum.
** Randomised placebo controlled. *** In supplemented group. t Intake during study,

$ Significant association of BMD and calcium intake in the lactating women but not on the bone change.




6. Reassessment of the DRVs for
vitamin D

6.1 Conclusions

6.1.1  The RNI for vitamin D of 10 pg/d continues to be recommended for
pregnant and lactating women (para 6.4.2).

6.1.2  The RNI for vitamin D for the first 3 years of life continues to be
appropriate without change in the levels. It is acknowledged that the majority
can maintain an adequate vitamin D status without supplementation, but a
substantial minority remains vulnerable (para 6.4.3).

6.1.3  There has been no new evidence to suggest that individuals aged 4-
64 years rely on dietary intake for adequate vitamin D status, which is
generally achieved through the action of sunlight. However, specific groups
including women who wear clothes intended to conceal themselves fully,
especially if they have had pregnancies unsupplemented with vitamin D may
be at risk. Consequently, there was no evidence on which to base a
recommendation to change the zero RNI for vitamin D (with 10 ug/d for those
at risk). The DRVs for the population aged 4-64 years should remain
unchanged (para 6.4.6).

6.1.4  The RNI for people aged 65 years or over of 10 pg a day should be
retained. It reflects a prudent public health approach to safeguard against
vitamin D deficiency and its adverse effect on bone health. No data have been
presented to suggest a change in the level. For a majority of people in this
group vitamin D supplementation will be needed to achieve this intake (para
6.4.10).

6.2 Metabolism of vitamin D and bone status

6.2.1 There are two forms of vitamin D. Cholecalciferol (vitamin D) is
synthesised through the action of light of wavelengths between 290nm and 310nm
on 7-dehydrocholesterol in the skin of animals, including humans. Ergocalciferol
(vitamin D,) is synthesised in plants and fungi by irradiation of plant steroid
ergosterol. In humans synthesis in the skin provides the major contribution of
vitamin D, but the smaller dietary component is also very important. Neither
vitamins D; or D, have biological effect until they are converted to 25
hydroxychole(or ergo)calciferol (25(OH)vitamin D, or D,) in the liver, and then
to 1,25dihydroxychole(or ergo)calciferol (1,25(0OH),vitamin D, or D,) in the
kidney'#’. The rate of conversion to 1,25(0OH),vitamin D by the kidney is PTH
dependent (para 3.3.4).
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622 The active hormonal form, 1,25(OH)2vitamin D, controls plasma
calcium concentrations by modulating calcium absorption in the small intestine,
phosphate resorption in the renal tubules and through calcium release from bone.
A specific nuclear receptor for 1,25(OH),vitamin D (vitamin D receptor) occurs
in tissues involved in calcium homeostasis, such as intestine, kidney and bone.
1,25(0OH),vitamin D also appears to promote calcium deposition in growing ends
of bones but the mechanisms are not fully understood but may be mediated via an
effect on osteocalcin concentrations'*®. 1,25(OH),vitamin D has several other
functions not specifically related to calcium; deficiency causes impaired function
of nerves and muscles, as well as behavioural changes such as depression. A
specific nuclear vitamin D receptor has been identified in a variety of non-
calcaemic tissues including placenta, gonads, skin and cells of the immune
system.

6.2.3  25(OH)vitamin D as an indicator of vitamin D status ~Plasma levels of
the active form of vitamin D (1,25(0OH),vitamin D) are under homeostatic control,
which limits their value as a marker of status. Consequently the conventional
marker of vitamin D status is plasma 25(OH)vitamin D. This intermediary is
responsive to changes in dietary vitamin D and to exposure to sunlight. Plasma
levels of 25(OH)vitamin D found in clinical rickets or osteomalacia range from
undetectable to around 20nmol/I'” and a level of plasma 25(OH)vitamin D of
25nmol/1 has conventionally been used as a cut off for defining the lower limit of
adequacy of vitamin D status®, although others have suggested slightly higher
levels'*®. There are no data relating plasma levels of vitamin D above those
associated with clinical disease to long term bone health.

6.2.4  Recent data relating plasma levels of PTH to those of 25(OH)vitamin D
have led to the suggestion that elevation of PTH might define the level of
25(OH)vitamin D needed for bone health, beyond the avoidance of clinical
deficiency'?. It has long been the prevailing opinion that the plasma level of
calcium is the major determinant of plasma PTH levels and an oral calcium load
can reduce PTH'!. However, more recent data suggest that plasma PTH levels
may rise in response to poor vitamin D status. Studies show a consistent inverse
association between plasma levels of 25(OH)vitamin D and of PTH in a variety of
different age and sex groups. In addition, supplementation with 10 ug vitamin D
can reduce plasma PTH levels'>?. However, use of the plasma level of PTH as a
marker of vitamin D status is hindered by a number of uncertainties.

6.2.5  Firstly, it is unclear whether there is an “optimal” level of plasma
25(OH)vitamin D above which plasma PTH remains at a lower plateau level and
below which PTH rises. A number of studies report an inverse association
between plasma 25(OH)vitamin D and serum PTH without identifying a
threshold!91152,153,154,155,156,157 © One small short term intervention trial reported a
reduction in plasma PTH after oral vitamin D and calcium only in people whose
pre-treatment plasma 25(OH)vitamin D was below 50nmol/1'8.  Where a
threshold for plasma 25(OH)vitamin D has been identified, this varies between
studies from less than 20nmol/l to 110nmol/]!'47:139-160.161,162
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6.2.6  Secondly, there is large variation in the plasma levels of 25(OH)vitamin
D which is associated with any particular level of PTH!7-162. This variation
lowers the confidence which can be placed in deriving a cut off. The large
variation is confirmed by the low correlations reported between plasma levels of
PTH and of 25(OH)vitamin D, usually of the order of r = -0.215%153156 though
both stronger!>!, and weaker correlation coefficients'>, have been reported.
Theoretical calculations based on this observed relationship have led to the
suggestion that “normalising” plasma PTH would require intakes of vitamin D in
excess of those currently recommended in the US (10 pg/day)'>’, while others
report that the seasonal variation of plasma PTH is abolished in those with
habitual vitamin D intakes of 5 ug/day'®3.

6.2.7  Finally, there is insufficient evidence to identify levels of plasma PTH
(below those characteristic of clinical hyperparathyroidism) which may have
adverse effects on bone health, nor on the time needed for any such effect to occur.
While it has been proposed that, at least in women, higher levels of plasma PTH,
lower levels of plasma 25(OH)vitamin D and seasonal variations in them, on the
one hand, lead to bone loss, lower bone mineral density and/or fracture, on the
other!®!, there are insufficient data to establish with certainty a particular level of
plasma PTH which carries adverse effects, and which could currently be used to
define vitamin D insufficiency.

6.2.8  In conclusion, there are now considerable data indicating that plasma
levels of PTH rise with poor vitamin D status. However, a number of other
factors, including dietary calcium intake, also affect plasma PTH. In addition,
because of considerable uncertainty in the data, it is not yet possible to define a
threshold level of plasma 25(OH)vitamin D at which PTH begins to rise. Finally,
the possibility that levels of plasma PTH below those found in clinical
hyperparathyroidism, but above those found in healthy young people, might lead
to adverse effects, remains uncertain. Consequently, the Subgroup felt unable to
use the plasma PTH data to define a lower cut off for adequacy of plasma
25(OH)vitamin D, and agreed to use the conventional level of 25nmol/l in their
assessment of the vitamin D status of the UK population.

6.2.9  Influences of season and latitude Due to its northerly latitude (between
50°N and 60°N), ultraviolet light of appropriate wavelength is only at sufficient
intensity in Britain, between beginning April and mid October (Fig 6.1). Seasonal
variations in blood 25(OH)vitamin D levels were first identified in 1974164165
which confirmed that sunlight is a major factor in determining vitamin D status.
Unless the diet is supplemented, vitamin D requirements during winter must be
provided from the vitamin store accumulated during the previous summer’s
exposure. It has been estimated that to maintain plasma levels of 25(OH)vitamin
D above 20nmol/l (8 pg/l) during winter, levels during summer must be greater
than 40nmol/l (16 ug/1)'%.

6.2.10  The degree of seasonal variation in plasma 25(OH)vitamin D level can be

used to assess the effects of latitude on the rate of skin synthesis of vitamin D.
European, Scandinavian and North American populations all reflect a significant
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Figure 6.1 Mean effective ultraviolet radiation (UVR) irradiance* at 3 UK sites
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seasonal variation in vitamin D status. In several countries nearer to the equator,
such as Mexico and Saudi Arabia (both latitude 20°S), the vitamin D status of the
population also reflects the season of the year. In others there is no evidence of
seasonal variation, for example in Brazil (latitude 8°S) children had similar mean
values of 25(OH)vitamin D in winter and summer and these were at least twice as
high as the vitamin D levels in British children!¢”. In the Gambia (latitude 13°N )
the 25(OH)vitamin D concentrations of women were similar across the seasons and
matched those of British women during the summer!8,

6.2.11 The seasonal effect on vitamin D status implies an increased risk of
inadequate status during the winter months in latitudes distant from the equator.
The fall in serum 25(OH)vitamin D levels and increase in PTH levels in winter!63
has been prevented by dietary supplementation with vitamin D at levels of 10 pug
per day'®. A randomised controlled trial in 189 healthy British men and women
aged 63-76 years showed that a single oral dose of 2.5mg (100,000 IU) of vitamin
D, raised serum 25(OH)vitamin D levels by 60 per cent and reduced serum PTH
levels by 12 per cent in five weeks32. An older group of people living in
institutions in Rochdale, UK, maintained satisfactory plasma concentrations of
25(OH)vitamin D throughout the year on a twice yearly oral dose of 2.5mg
vitamin D. A dose given once a year appeared to be inadequate for this group who
were never exposed to sunlight, because 40 per cent had low plasma levels for a
period of the year!”°,

6.2.12 There was a seasonal variation in hip fracture rate in Newcastle but
whether this relates to seasonal variations in vitamin D status is not known!”!. It
appeared to comprise two separate effects: one cluster of hip fractures in
December and January with falls out of doors, possibly associated with social and
shopping activities at Christmas, and a second cluster of fractures incurred by falls
indoors, in early spring, possibly attributable to falls resulting from neuromuscular
changes of vitamin D deficiency. On the other hand, in North America the
magnitude of the seasonal variation in hip fracture incidence was unchanged over
a range of latitudes and showed no association with presumed levels of sunlight
exposure!”2,

6.2.13  Variations in vitamin D metabolism associated with age  As the skin
ages it is less efficient at synthesising vitamin D under the influence of sunlight'7?
because the thickness of the epidermis declines with age and the amount of the
vitamin D precursor 7-dehydrocholesterol is reduced'’*.  Gastrointestinal
absorption of vitamin D is also less efficient in older people!”> and age-associated
reductions in 1 alphahydroxylase in the kidney may impair the conversion of
25(OH)vitamin D to 1,25(OH),vitamin D'76. There is also an age-associated
decline in the trophic effect of PTH in enhancing the production of
1,25(OH),vitamin D in the kidney'®.

6.2.14  Variations in vitamin D metabolism associated with skin pigmentation
The amount of melanin in the skin influences the capacity to synthesis vitamin D.
Synthesizing equivalent quantities of cholecalciferol requires longer exposure to
ultraviolet light if the skin is more pigmented. However, the eventual blood
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concentrations of 25(OH)vitamin D following unlimited exposure are the same in
all races'”?. This means that certain ethnic minority groups in the UK are more
vulnerable to vitamin D deficiency than is the majority white group’>*178. As well
as a more pigmented skin, there are several cultural features distinctive to these
populations which also influence vitamin D status adversely including wearing
clothes which conceal'”?, a tradition of not spending time out of doors, and dietary
differences, particularly excluding meat and fish from the diet!”3:180,

6.2.15  Adverse effects of high vitamin D intakes Vitamin D is toxic in large doses.
Hypervitaminosis D is characterised by high serum levels of 25-hydroxyvitamin D
and hypercalcaemia or hypercalciuria, or both. Prolonged hypervitaminosis D can
result in calcium deposition in the soft tissues, changes in the central nervous system,
and, in severe cases, death. In most individuals there has to be very high levels of
vitamin D intake before there are signs of hypervitaminosis D but there are cases of
infantile hypercalcaemia being caused by moderate increase in vitamin D intakes'!.
In America, between 1987 and 1991, a home delivery dairy accidentally overfortified
cows’ milk with vitamin D. The level of vitamin D in the samples of milk tested was
70 to 600 times higher than the 10ug per quart recommended for fortification
(approximately 635 to 7400ug/l). Of the 56 cases of hypervitaminosis D in the
delivery area of the dairy diagnosed between 1985 and 1991, 19 of the patients were
customers of the dairy, hypervitaminosis D occurred most frequently in patients
taking prescribed vitamin D supplements and 62 per cent of the patients were older
than 60 years!8!. A review of studies of the effectiveness and safety of continuous
low-dose (20-45pg) and intermittent high-dose (2.5-15mg) vitamin D
supplementation in elderly people reported 3 cases of hypercalcaemia out of 442
patients. Two cases were associated with a predisposing cause and an underlying
cause, the third was not investigated!®?.

6.2.16  Ultraviolet light and skin cancer ~ The spectrum of solar ultraviolet
radiation (UVR) which induces synthesis of vitamin D in the skin is similar to that
associated with increasing the risk of skin cancer. Risk of skin cancer is related
to cumulative exposure to this UVR. Malignant melanoma, while still rare, is the
cause of 1 in 25 cancer deaths in the age group 20-39 years'®3. Non-melanoma
skin cancer is much more common, especially in older people, but rarely fatal.
Incidence of these cancers is increasing and has been linked directly to solar
irradiation. Thus solar irradiation simultaneously has both beneficial effects (in
respect of vitamin D status) and adverse effects (in respect of risk of skin cancer).

6.2.17 The UK Skin Cancer Prevention Working Party has prepared a
Consensus Statement about the importance of measures to reduce exposure to
UVR. It stresses the greater risk to the skin of children under 15 years and dispels
any misconception that a tanned skin is either a sign of health or that it provides
more than minimal protection against further exposure.
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It puts forward a four point plan to moderate sun induced skin damage:
e avoid noonday sun (between 11.00 am and 3.00 pm),

¢ seek natural shade,

* use clothing as a sunscreen,

e use a broad spectrum sunscreen of high sun protection factor.

In developing local policies it is important to strike a balance between these
constraints, which are aimed at reducing the risk of skin cancer, and the need to
ensure an adequate vitamin D status from exposing some skin to sunlight regularly
during the months of May to September!84. The Subgroup recommends that the
public health consequences of sunlight exposure should be reviewed to take
account of both its beneficial and its adverse effects with a view to developing
guidelines. The effect on vitamin D status of measures taken to reduce the risk of
skin cancer, such as encouraging covering up with clothes and applying cosmetic
creams which seek to prevent the UVR reaching the skin should be clarified.

6.3 Dietary Reference Values for vitamin D: a review of the evidence

6.3.1 Plasma 25(OH)vitamin D is a good marker of vitamin D status but the
assay has only recently become widely available and there are several population
groups with no data for this marker. The relationships between plasma
25(OH)vitamin D, 1,25(0OH),vitamin D and PTH are beginning to be explored.
The DRVs for vitamin D set in 1991 were determined on the basis of that dietary
amount required to ensure that plasma 25(OH)vitamin D levels in winter did not
fall below 20nmol/l (8 pg/)!".

6.3.2  In reviewing the DRVs for vitamin D, two questions are relevant. Is an
RNI needed? If so, is the current value correct? In assessing the need for vitamin
D in regard to bone health, particular search was made for reports of longitudinal
and intervention trials. In some trials the vitamin D supplement amounted to no
more than the UK RNI and there were few data from trials using supplements
which exceeded the current RNI.

6.4 Dietary Reference Values for vitamin D for different population
groups
6.4.1  Pregnant and lactating women

RNI 10 ug/d

A mother provides a store of vitamin D to her fetus during pregnancy. In order to
meet this demand, pregnant women should be well provided with vitamin D
themselves. The majority of pregnant women appear to have no difficulty in
maintaining their own vitamin D status satisfactorily, as well as providing for their
fetus, but a substantial minority are vulnerable to deficiency because of the season
of the year, latitude of abode, skin pigmentation'#21-185 and dietary'® and other
cultural habits®!.
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6.4.2  The arguments in support of setting an RNI for women who have recently
given birth are not very secure. A dietary source of vitamin D will ensure that
women, vitamin D depleted as a result of pregnancy, are restored to an adequate
status. Good vitamin D status of the mother during lactation might be expected to
influence the infant’s vitamin D status, but little vitamin D is available from breast
milk. Maternal vitamin D status and dietary vitamin D intake both influence breast
milk concentrations of 25(OH)vitamin D but there is no correlation between the
levels in breast milk and plasma 25(OH)vitamin D status of breastfed infants except
when the mother consumes high dose vitamin D supplements'8®. An RNI of 10
pg/d for all pregnant and recently delivered women represents a prudent
approach'®”. In practice this means that vitamin D supplements are advised!8®.

In conclusion:

The RNI for vitamin D of 10 pg/d continues to be recommended for pregnant
and lactating women (conclusion 6.1.1).

6.4.3  Children aged 0-3 years
0-6 months: RNI 8.5 ug/d
6 months-3 years: RNI 7 ug/d

It is important that children under 3 years maintain satisfactory vitamin D status to
meet the demands of rapid growth. From about age 6 months if infants are out of
doors some of the time and especially if it is summer or are consuming vitamin D
rich weaning foods in good amounts they should be adequately provided for.
However, exposure to sunlight must be moderated because at this age children are
very vulnerable to skin damage and sunburn (para 6.2.16). Several groups of infants
and younger children are at risk of vitamin D deficiency for a variety of reasons.
This is increased if the mother’s vitamin D status in pregnancy has been inadequate
to provide the fetus with a store sufficient to last during the early months of life, if
it is winter and if the infant’s diet contains no meat or vitamin D rich foods!®8. The
risk is not limited to the ethnic minority groups. In the absence of vitamin
supplementation more than one factor may operate to render an individual child
particularly at risk of deficiency'®®. Routine vitamin D supplementation, as
recommended in the Department of Health report Weaning and the Weaning Diet!88
will achieve the RNI, and forms an effective safety net for groups at risk.

In conclusion:

The RNI for vitamin D for the first 3 years of life continues to be appropriate
without change in the levels. It is acknowledged that the majority can
maintain an adequate vitamin D status without supplementation, but a
substantial minority remains vulnerable (conclusion 6.1.2).

6.4.4  Older children
No RNI is set for older children

The current DRV recommendations are that there is no need for a dietary source of
vitamin D to maintain an adequate vitamin D status in this age group except for
specified at risk groups. There is no new evidence to change this recommendation.
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6.4.5  Adults aged 18-64 years
No RNI is set

No RNI is set for adults aged 18 to 64 years. The majority of this adult population
can obtain an adequate vitamin D status if the skin of the face and arms is exposed
for about half an hour a day between April and October. It is important to avoid
sunburn which may occur with this exposure in late spring and high summer (para
6.2.17). There are no representative data about the vitamin D status of this group
of adults in this country. There is no evidence to suggest that the younger members
of this group might be vitamin D deficient provided vulnerable groups (para 6.4.6)
are considered separately. However, between ages 45 to 65 years vitamin D status
may start to decline, possibly associated with lifestyle changes including not going
outdoors and not exposing skin to the same extent as at younger ages. Further data
are needed, especially on plasma 25(OH)vitamin D levels, before it would be
possible to consider whether this older group might need a dietary source of
vitamin D and at what intake level.

6.4.6  People who hardly ever go outdoors will be vulnerable as will those who
wear clothes to conceal themselves fully when they are outside!®®. More
information is needed about the vitamin D status of vulnerable groups in the
population. There are no data from representative surveys either about dietary
practices, supplement taking or plasma 25(OH)vitamin D levels. For some women
who already have a vitamin D status which is borderline for sufficiency, one or
more pregnancies, especially if not supplemented, may result in frank deficiency of
vitamin D and osteomalacia. In all these circumstances, vitamin D supplements are
recommended for these vulnerable but minority groups.

In conclusion:

There has been no new evidence to suggest that individuals aged 4-64 years
rely on dietary intake for adequate vitamin D status, rather it is achieved
through the action of sunlight, except for specific at risk groups including
women who wear clothes intended to conceal themselves fully, especially if
they have had pregnancies unsupplemented with vitamin D. Consequently,
there was no evidence on which to base a recommendation to change the zero
RNI for vitamin D (with 10 pg/d for those at risk). The DRVs for the
population aged 4-64 years should remain unchanged (conclusion 6.1.3).

6.4.7  Older adults
From age 65 years RNI 10 ug/d

For people of 65 years or older, the RNI for vitamin D is 10 pg/d. Older people
engage in less physical activity and go out of doors less than younger groups!®! and
there is reduced efficiency of vitamin D synthesis in the skin (para 6.2.13). A study
of older people in nursing or other institutional homes compared a daily dose of 10
pg with a daily dose of 20 pg vitamin D. It was concluded that the
10 pg dose was sufficient to lower the parathyroid hormone levels and to improve
vitamin D status as measured by increases in plasma 1,25(OH),vitamin D levels
especially in those who had been deficient before the start of the study!®2. The
Subgroup found no new evidence on which to base proposals for a change in the RNL

47



6.4.8 Several studies have found that mean plasma levels of 25(OH)vitamin D
are lower in patients with hip fracture than in women without fracture!2. This
may reflect a causal relationship or may be due to the higher fracture rates of old
people who are relatively immobile and housebound. Studies from the north of
England in the 1970s found that a proportion, 20 to 47 per cent, depending on
criteria, of elderly people with hip fracture had histological evidence of
osteomalacia'®3. More recent studies have found lower prevalences, 2 per cent in
Cardiff'® and 12 per cent in Leeds'®. Clinical observations in Tyneside (UK)
(EH Jarvis personal communication) suggest that the incidence of frank
osteomalacia has fallen in the last twenty years among the elderly population
despite the rise in incidence rates of proximal femoral fracture in this group!”!.
Thus it is likely that frank osteomalacia makes only a minor contribution to the
total risk of hip fracture. On the other hand, it is probable that the long term
adverse effect of repeated winters characterised by several months of deficient
vitamin D status, secondary hyperparathyroidism and loss of bone, contributes to
the development of osteoporosis!>>19.

6.4.9  Vitamin D supplementation trials

6.4.9.1 Vitamin D supplementation trials and bone loss Rickets and
osteomalacia are cured by vitamin D therapy but these conditions are rare. Three
trials have evaluated the effect of vitamin supplements on age related bone loss as
assessed by bone scans. Only one trial in very elderly women, gave vitamin D
alone and that at the level of the UK RNI'®? (Table 6.1). The results suggested
that the supplemented group had significantly less bone loss at the femoral neck.
The remaining two trials'¢*!7, both in younger women, showed no effect of
vitamin D supplements given for two years on bone loss. In each trial additional
calcium was given to both groups whether supplemented with vitamin D or not.

6.4.9.2 Vitamin D supplementation trials and fracture ~ There has been one
randomised placebo controlled clinical trial of vitamin D supplementation and
fracture incidence. This study in Amsterdam recruited a group of people over 70
years who were reasonably active in their own homes or in institutions; half took
10 pg vitamin D supplement a day, the rest took a placebo. After 36 months, there
was no difference in the fracture rate between the supplemented and the
unsupplemented groups'®®. An earlier study in Finland recruited very elderly
people, some living in their own homes and some in institutions'®. Vitamin D
was given to half the group as an intramuscular injection once a year and the
unsupplemented group received nothing. After 40 months, there was a
significantly higher rate of fractures, taking all sites together, in the
unsupplemented group. The differences between the supplemented and
unsupplemented groups for hip fracture did not achieve statistical significance,
although there was a significantly higher rate of fractures of the upper limbs
(Table 6.2). The cumulative incidence rates of fracture in treated and untreated
groups began to diverge at 6 months in the group of people living in nstitutions,
and at 18 months in the group living in their own home. This would appear to
indicate too rapid an effect to be mediated by change in BMD and raises the
possibility that part of the benefit arose from reducing fall rates as vitamin D
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supplementation improved neuromuscular coordination. This more immediate
effect of vitamin D supplementation in those in institutions may have been related
to their presumed greater degree of vitamin D deficiency.

6.4.10  Intervention trials with vitamin D and calcium combined  These have
been described at para 5.4.12 and also Tables 5.5, 5.6. There have been two trials
which showed a reduction of fracture rate over 3 years in the supplemented groups
with vitamin D doses at or close to 20 pg daily and calcium supplements of 1.2g
in one study**»133 and 0.5g* in the other. Other trials of combined vitamin D and
calcium showed no consistent effect on the magnitude of bone loss.

In conclusion:

The RNI for people aged 65 years or over of 10 pug a day should be retained.
It reflects a prudent public health approach to safeguard against vitamin D
deficiency and its adverse effect on bone health. No data have been presented
to suggest a change in the level. For a majority of people in this group
vitamin D supplementation will be needed to achieve this intake (conclusion
6.1.4).
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Table 6.1 Vitamin D supplementation in postmenopausal women:
controlled studies of the magnitude of the effect on bone loss (results presented here have been reworked from the original data)

Country | Meanage | Yearssince |  Numberingroup |  Studydesign | Calcium |  VitD | Duration | Bonesite |
|| [(years) | menopause | . e o ke suppt | orsupples |0 0
B B e e + (mg/d) | pofd | mentation
Bl e e Suppt . | ‘Unsuppl | ' R P | (mean) o (vears)
Netherlands 80 32 177 171 v v 870** 1003 2 FN
Ooms et al Troc
1995180 RD
USA 64 15 (a) 123 - v X 460+ (a) 17.5 2 @) (b)
Dawson- 500* D3 LS N N 0 NS
Hughes et al (b) 124 - (b) 2.5 FN Y Y + 0.003#
1991 18 D3 WB N N 0 NS
Denmark 45-54 0.5-3 28 121 v v diet+ 50 D3 2 FD Y Y 0 NS
Christiansen
et al 1980 197 500*
Notes: R = randomised; P = placebo controlled; v = yes; X =neither R nor P apply; Effect of supplementation on bone loss:
NS = no statistically significant difference; D3 = cholecalciferol + = reduced bone loss ; 0 = magnitude of difference in loss <1% per year, P >0.05
Bone site * Both the vitamim D supplemented and the placebo groups recived additional calcium as supplements.
FN = femoral neck (hip); Troc = trochanter (hip); RD = radius distal; LS = lumbar spine; ** = calcium intake from dairy products
WB = whole body; FD = forearm distal $ = Supplement effect was greater in the first year.
Bone loss 1 = positive effect of the higher dose compared to the lower dose.
Y = loss significantly different from 0; (Y) = loss >1% per year but NS; N = significant bone gain, # = effect was greater in year 1

or loss not different from 0
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Table 6.2 Vitamin D supplementation of old people: controlled studies of the effect on fracture

%;,parﬁcipams with

Statistical

e oy
Suppl - Unsuppl
Netherlands Hip 70 6.1 NS
Lips et al Non-vert 16.2 15.4 NS
1996 198
Finland 86 a1 458 v X nm 3.75-7.5mg 33 Upper Limbs 29 6.1 0025
‘Heikinheimo (M+F) once a Hip 78 9.4 NS
et al 1992 199 year* Al 16.4 218 0034
B D2

Notes: M = male; F = female; R = randomised ; P = placebo controlled; v = yes;
X = neither R nor P apply; nm = not measured; Non-vert = all non vertebral fractures
including hip
NS = no statistically significant difference P>0.05.
* = given by annual intramuscular injection




7. Other influences on bone health

7.1 Genetic influences

7.1.1  Genetic influences make an important contribution to the variations in bone
status between healthy individuals. Broadly speaking, African-Caribbean racial
groups tend to have larger and heavier bones than White or Asian populations, and
there is also diversity within populations and between men and women. Family
studies have made some progress in clarifying the polygenic inheritance of bone size
and strength?®, Mutations of collagen regulating genes have been associated with
inherited pathological disorders known as osteogenesis imperfecta which give rise to
severe osteoporosis®’!. Recently, evidence from a case-control study suggested that
other mutations of the same gene might be associated with reduced bone density
and/or fracture in the vertebrae of otherwise healthy women??2.

7.1.2  Other candidate genes extend across the spectrum of metabolic events
concerned with the maintenance of bone integrity. The oestrogen receptor gene is
polymorphic. In a Japanese population, lower BMD was associated with a
particular oestrogen receptor gene polymorphism?”®. Polymorphisms of the
vitamin D receptor (VDR) gene have been correlated with BMD in some studies
and may be useful in predicting fracture risk?** however other studies have failed
to confirm this association?’>. The racial, dietary and other environmental
differences between the populations being studied may have influenced the
correlations between the VDR polymorphism and BMD?%. For example, calcium
intake may interact with the effect of the VDR genotype on BMD so that
postmenopausal bone status only correlates where there is a low calcium
intake2?7:208 and the low calcium intakes may need to have been prolonged.
Variation in calcium intake is but one of many likely confounding factors.

T2 Nutritional influences other than calcium and vitamin D

7.2.1  Body composition BMC and BMD are influenced by overall body size
and weight. Higher lean-to-fat ratio protects bone in younger women and in men,
whilst the reverse is true for older women?%-21%. Tall stature is a risk factor for hip
fracture®, whilst small, thin women are at greater risk of vertebral fracture. Thus lean
body mass and body size, in addition to adiposity, are also important factors in bone
health. Anorexia nervosa is associated with a lower than expected bone mass and an
increased risk of fractures?!!. There is a lack of prospective data in this area, but it
is reasonable to conclude that it is undesirable for older people to be underweight.

7.2.2  Nutrients other than calcium and vitamin D Nutrients other than
calcium and vitamin D are undoubtedly important in determining bone health?!%.
The Subgroup was not able to assess their influence in detail. The data about
individual nutrients are sparse, usually observational rather than from intervention
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trials, and based on small numbers. There are no long term data from controlled
trials. In spite of these limitations, it has been possible to make a brief comment
about the nutrients that have been linked to bone health at least through
preliminary findings.

7.2.2.1 Protein There is inconsistent evidence about the relationship between
protein intakes and bone health. Elderly patients with hip fracture are often
undernourished at admission to hospital; those given protein-rich nutritional
supplements showed improved clinical outcome?'3. Some studies in women have
associated higher intakes of protein with increased fracture risk>!4?15 and lower
BMD?!¢, while others suggest the reverse® or no association®!”.

7.2.2.2 Vitamin K  Vitamin K status might influence bone health as several
vitamin K-dependent proteins, including osteocalcin and matrix gla-protein, are
involved in bone mineralisation?'821°,  Low dietary intake of vitamin K is
associated with an elevated proportion of under-carboxylated (partially
functional) osteocalcin??® and this has been associated with low BMD and
increased risk of hip fracture??!?22223 in older women.

7.2.2.3 Vitamin C  Vitamin C is required for collagen hydroxylation. There are
limited human studies on vitamin C and bone health: cross-sectional studies
report positive associations with a trend to higher BMD with increased vitamin C
intake in adolescents?** and middle-aged premenopausal women®?, but no
association in postmenopausal women?2°,

7.2.2.4 Magnesium, phosphorus There has been only limited study of
relationships between bone status and minerals other than calcium. Magnesium is
widely distributed in soft and bony tissue. Low serum magnesium levels have
been reported in women with osteoporosis??’, and there may be a positive
association between magnesium intake and BMD in middle-aged premenopausal
women??’. Phosphorus as phosphate makes up roughly half the weight of bone.
The evidence on whether phosphorus intake has any effect on bone health is
inconsistent?216:217,

7.2.2.5 Sodium, potassium Increasing dietary sodium intake results in increased
urinary calcium excretion, and a direct relationship is found between urinary
excretion of sodium and of calcium in free-living populations®?®. This effect may
be particularly pronounced in some individuals®?°. It has been suggested that this
might influence BMD?3%23! but the evidence is not conclusive>*2. There is some
evidence that in middle-aged women higher dietary potassium intake has been
associated with higher BMD?>233,  These observations suggest that current
recommendations for healthy eating?3*?3> which advise a reduction in the average
intake of sodium from about 150mmol/day to 100mmol/day and an increase in
average intakes of potassium to about 90mmol/day would have no detrimental
effect on bone health and might be beneficial.

7.2.2.6 Fluorine Fluoride incorporation into bone results in atypical alignment of
the apatite crystals?*®?37, A recent American consensus statement concluded that the
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levels of fluoride likely to be obtained from fluoridated water supplies are unlikely to
influence bone health?®, Population studies in different countries report both
positive and negative effects of fluoride on BMD and fracture risk, with no accord on
the effective level of fluoride>*. Recent low dose trials (25-50mg sodium fluoride
daily) appear to suggest reduced fracture incidence?*’. The first study to consider the
role of fluoride intake from all sources (foods, water and non-dietary) on hip fracture
is ongoing. On current information, estimated maximal intakes in the UK!” appear
to be below the level likely to influence bone health.

7.2.2.7 Other nutrients Other nutrients which might have a plausible
biochemical basis for influencing bone health include zinc?*!?42, copper’*?, B
vitamins?#*24 manganese??’ and boron?*®. There is only very limited
information relating to possible independent effects on bone health of these
nutrients. Zinc is known to affect infant growth which could be through indirect
mechanisms such as appetite or through direct effects on bone®’; a positive
association has been noted between higher intakes of zinc and BMD in middle-
aged premenopausal women®*’. In the genetic condition, Menkes’ syndrome,
copper deficiency causes characteristic bone defects that can be detected by x-
ray?*®. A controlled trial of copper supplementation in middle aged women
showed no loss in BMD in the copper supplemented group compared to a
significant decrease in BMD in the placebo group?*®. A positive effect on spinal
bone density was found with the combination of calcium, zinc, manganese and
copper in a small trial in healthy postmenopausal women?*. There is currently
insufficient evidence to support dietary recommendations in relation to the effect
of any of these nutrients on bone health.

7.2.3  Vegetarian diets  Interpretation of the effects of a vegetarian diet on
bone health is difficult because of other differences, such as body weight, socio-
economic status, physical activity and smoking habits, that may be associated with
a vegetarian lifestyle. There is no evidence that a lactovegetarian diet is associated
with differences in bone mineral density or fracture risk?>%?3!. There is little
information about those eating a vegan or macrobiotic diet, but two recent studies
have reported lower bone densities in adolescents and older women in association
with these diets?!%-232,

7.3 Other dietary components

7.3.1  Alcohol Heavy alcohol consumption is associated with decreased BMD
and modestly increased fracture risk>3. The influence of moderate alcohol
consumption is unclear and has been associated with both higher BMD?* and
lower BMD?%+2%4,

7.3.2  Caffeine The effect of caffeine on bone health is difficult to assess as high
caffeine intake is often associated with other risk factors. Oral doses of caffeine
increase the urinary excretion of calcium??®. High caffeine has been associated with
decreased BMD in postmenopausal women who have low calcium intakes>>2%. In
pre- and perimenopausal middle aged women a negative association between caffeine
intake and BMD was found®'”. A study of postmenopausal women found no
association between caffeine intake and BMD?.
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7.3.3  Phytoestrogens  Phytoestrogens are widely distributed plant chemicals
which can cause oestrogenic effects. Phytoestrogens are capable of binding to the
oestrogen receptor but in many tests in vivo and in vitro are considerably less
physiologically potent than endogenous oestrogens. However, comparatively
large amounts are found in foods, and there are differential binding effects in the
alpha and beta oestrogen receptor?®. Animal studies report that the phytoestrogen
genistein is as active as oestrogens in maintaining bone mass in ovariectomised
rats?>°. Data in humans are too limited to draw conclusions.

7.4 Hormonal and reproductive factors

7.4.1  During childhood there is a continual process of bone growth and
modelling which is influenced by growth and thyroid hormones,
1,25(OH)2Vitamjn D and other hormones. There are spurts of bone growth in the
preschool years and at puberty. Bone growth may slow during a period of illness
followed by accelerated growth on recovery. This is probably mediated by
hormonal influences and it is likely that the associated physical inactivity and use
of medicines are also causes of these changes.

7.4.2  Both male and female hormones exert anabolic effects on bone, and for
both men and women, a decline in the level of sex hormones is associated with
bone loss*®. Thus, women at the menopause, and men who become hypogonadal
both experience bone loss which is hormone dependent and separate from the
bone loss which is age related. Bone loss, particularly trabecular, accelerates in
the years following the menopause®®! and there is increased bone turnover with an
increase in the rate of formation of both osteoclasts and osteoblasts262. These
changes can be modified by therapeutic oestrogen replacement!.

7.5 Smoking

7.5.1 Smoking has been suggested as a possible factor which increases the risk of
osteoporosis®®.  The studies are limited to observational data of different types
(cohort, case control and cross-sectional) and so are liable to confounding by various
aspects of lifestyle and health associated with smoking, in particular poorer
micronutrient status and body weight. Smokers tend to be lighter, which is
independently a risk factor for fracture (para 7.2.1). There is some evidence that an
effect of smoking on bone health might be mediated via oestrogen antagonism?264:265,
A recent meta-analysis of data from 48 such studies relating smoking to BMD in long
bones and to hip fracture?* found that smoking had little independent effect on BMD
or hip fracture in women before the menopause. Other data confirm that an apparent
effect of smoking in premenopausal women is abolished after correction for body
weight*’. However the meta-analysis confirmed an effect of smoking on BMD and
hip fracture in postmenopausal women, and from more limited data, in men,
independent of thinness, age of menopause, physical activity or oestrogen status.
Other data suggest a similar or greater effect on fracture at vertebral and radial
sites?%®. Smoking does not appear to influence peak bone mass, but may have a direct
effect on the rate of bone loss in older age.
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7.6 Physical activity

7.6.1  There is long standing recognition, particularly from epidemiological
observations, that physical activity protects against risk of fracture in
postmenopausal women?%%2%°. Since physical activity is a lifestyle factor which
can be modified, it is important to identify the nature and level of those activities
which may influence risk. It is also important to determine the duration of
participation in the physical activities before a beneficial effect occurs and
whether such benefit persists beyond cessation of the activities.

7.62  The loading on the bone either from gravitational forces, or from
muscular tension influences its functional strength?’®. Both arise through weight
bearing activities such as running, climbing stairs and jumping, while weight-
training (lifting weights) involves muscular tension alone. Most activities have
both weight bearing and non-weight bearing components, for instance, racket
sports. In general, weight bearing activities have a positive effect in increasing
BMD in young women?’' and premenopausal women®’> and in helping to
maintain BMD after the menopause?’3. Dynamic exercises which increase the
loading on the weight bearing skeleton show a maximum effect from high impact
activities such as jogging and jumping?’3274275:276_ Walking, though weight
bearing, needs to be brisk to have an effect on BMD?’. Muscular activities
without weight bearing or impact, such as swimming?’® and cycling?”® do not
influence BMD. Weight-training is sometimes found to increase or maintain
BMD?280-281 although many good studies show no effect despite large gains in
muscle strength?82283 If the activities are discontinued in favour of a sedentary
lifestyle, any improvements in bone or muscle are gradually lost?”>.

7.6.3  An active lifestyle at all ages promotes good general health, and diverse
physical activities bring benefit to the health not only of bones, but also of other
body systems. All physical activity contributes to energy expenditure (which is
desirable), and moderate activity, whether weight bearing or not, promotes
cardiovascular health. Physical activity such as walking may stimulate appetite.
This would be valuable for those elderly people whose low food intakes makes
nutrient inadequacies more likely. Walking at a normal pace appears not to confer
benefit for BMD except perhaps in those who are extremely sedentary (i.e.
walking less than 10 minutes per day in total), but it does contribute to improved
balance and muscle coordination, which in turn might help to prevent the falls
which precipitate fractures.

7.6.4  Participation for about 30 minutes in varied physical activities with a
weight bearing component on five days a week would be expected to promote
stronger bones. Examples include:

s for children and young adults: high impact activities such as jogging, jumping

or skipping and games which require these such as basketball, also energetic
dancing;
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 for middle-aged people: stair climbing, jogging, or walking briskly, ideally on
a gradient, step exercises, racket sports and hill walking;

e for older people: stair climbing and walking as briskly as is realistic and safe,
also dancing.

Particular precautions are needed to ensure that the activities are of an intensity
appropriate for the age and capability of the individual. A brisk walk implies a
pace of at least four miles per hour?®* which is not advisable if it leads to an
increase in the fall rate. High-impact weight bearing activity would be precluded
for those with established osteoporosis or arthritis. However, more moderate
supervised activities benefit the person’s confidence and mobility and may lead to

fewer fractures?.
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8. Assessment of nutrient
intakes and nutritional status
of the population

8.1 Monitoring food and nutrient intakes (see Annex 3)

8.1.1  The British National Food Survey (NFS) began in 1940 and since 1996
also covers Northern Ireland. It is a continuous survey of all food entering the
home for human consumption for seven days and records the description, quantity
and cost. Nutrient intakes assessed from the NFS do not include nutrients derived
from dietary supplement use. Some 8000 households in Britain take part every
year. From 1992 it has also recorded food purchased and consumed outside the
home. The survey is particularly helpful in assessing time trends in food
consumption and nutrient intakes but it does not provide information about the
food and nutrient intakes of individuals®®3.

8.1.2  Diet and nutrition surveys of large numbers of individuals are complex
and expensive. The most recent nationally representative data for Britain were
obtained on adults aged 16-64 years in 1986/7%%, children aged 1%-4) years in
1992/3287 and people aged 65 years or over in 1994/5%8.  Fieldwork for a
comparable survey of young people aged 4-18 years was completed in early 1998.
Data on trends in food and nutrient intakes, or nutritional status, are less easy to
derive from these infrequent surveys. Some comparative data are beginning to be
built up and the results of the survey of preschool children in 1992/3%%7 can be
compared with those from a survey of children of similar ages in 1967/8%%; also
the results of the survey of older people in 1994/52% can be compared with a
survey in 1972/3?%°, The National Diet and Nutrition Surveys (NDNS) are
designed to provide nutrient intake data both from diet and from supplements for
each age group that are representative of the population. As fieldwork is spread
over 12 months, seasonal variations can also be examined. More details about the
surveys are given in Annex 3.

8.1.3  Surveys need to be sufficiently large and representative of their target
group to provide information of value for public health purposes. The sample
sizes for the NDNS are insufficient to provide reliable data on population
subgroups such as those from an ethnic minority, disabled people, people on diets
which regularly exclude food items for cultural, religious or medical reasons, or
other small groups in the population. Several local surveys have examined the
food and nutrient intakes of individuals from such smaller specific population
subgroups.
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8.1.4  There are occasions where apparent discrepancies arise between the
results of the NFS and NDNS. These are generally due to differences in the design
and structure of the surveys, and may also arise due to changes in dietary habits
since the earlier surveys were conducted.

8.1.5  Only data from the UK have been included in the analyses tabulated in
this report. In spite of increasing international flows of food and cuisine, national
public health policies for nutrition must be based on current national diet and
nutrition data. This does not, however, imply that inter-country comparisons are
invalid for assessing the scientific basis of the recommendations.

8.1.6  The composition of foods Reliable and up-to-date information on the
nutrient content of foods is essential to estimate nutrient intake from food
consumption data collected in dietary surveys. In the UK, there is an ongoing
programme to monitor the nutritional value of the foods that make up the national
diet. This programme is continuous as the range and type of foods available, their
composition, and their relative importance in the diet are continually changing. In
addition, methods of food analysis are improving all the time. The data collected
from this analytical programme and other sources (e.g. from food manufacturers)
are used to compile nutrient databanks for both the NFS and the NDNS. In
addition, the information is incorporated into the UK food composition tables,
McCance and Widdowson’s “The Composition of Foods” series. Recent changes
in vitamin D content of meat illustrate the importance of continuously updating
information on the nutritional value of foods. Measurable amounts of vitamin D
and its metabolites have now been found in carcase meat as a result of new
analytical methods. The use of these new data on vitamin D in meat in the
National Food Survey resulted in a considerable increase in assessed vitamin D
intake in 1995 (Table 10.1).

8.1.7  Dietary supplements  In the UK dietary supplements are classed as
foods, and are subject to the general provisions of the Food Safety Act 1990.
Products with a significant pharmacological effect or where medicinal claims are
made (e.g. implicit or explicit claims that the product is capable of treating, curing
or preventing human disease) would be subject to controls under medicines
legislation. They would require Product Licences under the Medicines for Human
Use (Marketing Authorisations etc.) Regulations 1994 to be licensed for certain
clinical indications and may be prescribed by doctors to individuals for specific
uses.

812 Assessing the adequacy of a population’s diet

8.2.1  Good data about the customary diet and nutritional status of a population
are prerequisites for the development of national public health policies for
nutrition. The DRVs provide benchmark levels of nutrient intakes against which
to compare mean values for population intakes. Policies for population
subgroups, such as older women or adolescents, require specific information
about that group’s current dietary habits and nutritional status. It is important that
the data are as up-to-date as possible and based on a sufficiently large and
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representative sample of the population group. The British NDNS programme
seeks to adhere to these principles. In practice the dietary data from populations
do not always meet these ideals. The information may have been based on very
small numbers of participants, or they may not have been representative of their
sector of the population. The data may not be up-to-date and, as a result, may not
reflect dietary habits of today.

8.2.2  Misreporting of food consumption can occur in dietary surveys.
Participants may forget or otherwise omit to record some items consumed and so
underreport their intake. Overreporting can also occur if, for example, food left
on the plate is not taken into account. In such circumstances confidence might be
reduced in the accuracy of a group mean level of intake for a nutrient. One
approach to explore whether there has been underreporting is to compare,
retrospectively, an individual’s recorded energy intake with their basal metabolic
rate (BMR) calculated from their weight using Schofield’s equations'” and weight
and height for older people!4. If an apparently healthy individual has recorded a
diet which provided an energy intake no more than 1.2 times their calculated BMR
(representing a minimum ratio of energy intake to BMR compatible with ordinary
life over prolonged periods), the record may not reflect habitual dietary intake. A
decision can then be made whether to exclude these individuals from comparison
with the DRVs or alternatively their energy and nutrient intakes may be adjusted.
The value 1.2 times BMR is an arbitrary choice and similar calculations can be
applied using a more conservative value of 1.4 times BMR to judge the quality of
a dietary record. Manipulating data from a survey by excluding individuals brings
the likelihood of introducing new errors. In general, applying maximum effort to
collecting an accurate dietary record is preferable, and this is the approach of the
NDNS.

8.2.3  Markers to assess nutritional status As well as assessing nutrient
intakes as a reflection of likely nutritional status, a range of physiological markers
has been developed to assess nutritional status by examining body fluids such as
blood and urine. New assays are more widely available. For example, measures
of iron status from blood analysis have been used for a long time, but plasma
25(OH)vitamin D assays are more recent although the significance of the results
obtained from the newer assays continue to be evaluated (para 6.2.3), the new
status markers are already contributing to more accurate assessments of nutritional
status. These measures complement traditional clinical methods for diagnosing
gross nutritional disorders such as rickets, anaemia due to iron or vitamin B,
deficiency, or obesity. There are no recognised markers of calcium status (para
9.2.1).
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9. Dietary intake and nutritional
status of the population - calcium

9.1 Conclusions

9.1.1 There are no functional tests for adequacy for calcium status; therefore
this can only be assessed as intake against reference values (para 9.2.1).

9.1.2  The calcium intakes of infants and children up to age 4/ years are
adequate as assessed against the DRVs (para 9.10.2).

9.1.3  There are no recent data about calcium intakes in primary school
children. Data about older children are limited to specific ages and, because
they were collected several years ago, may not reflect current dietary
practices. It is not possible to draw firm conclusions for this age group but
average intake was below RNI values in secondary school children, especially
older girls, and all young people should take special care to avoid low calcium
intakes. When the data from the National Diet and Nutrition Survey of young
people are available, they should be reviewed with particular reference to
calcium intakes and to identifying the characteristics of those whose intakes
are low (para 9.10.3).

9.14  The calcium intakes of adult women are adequate compared to
DRYVs, although intakes of a proportion of women particularly in the younger
groups are low. However, underreporting may account for some of the
apparent low intakes. A National Diet and Nutrition Survey of adults aged 19-
64 years is now being planned to begin fieldwork in 1999 and should provide
more up-to-date data from which calcium intake can be assessed. Meanwhile,
it is prudent for those with low calcium diets to increase their intake (para
9.10.5).

9.1.5 A proportion (less than 10 per cent) of older women in Britain not
living in institutions appear to have calcium intake levels which are low as

assessed against DRVs (para 9.10.6).

9.1.6  There is no evidence that the diets of pregnant or lactating women do
not provide adequate intakes of calcium (para 9.10.7).

9.1.7  In general, the calcium intakes for men appear to be adequate at all ages
although there was a small proportion with intake below the LRNI (para 9.10.8).
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9.2 Assessing calcium status

9.2.1  There is no biochemical indicator of calcium nutritional status. The
plasma calcium level is highly conserved and urinary calcium levels are influenced
by many factors. As a result the calcium status of population groups can only be
assessed from the total calcium intake from diet and supplements.

There are no adequate functional tests for adequacy for calcium status;
therefore this can only be assessed as intake against reference values
(conclusion 9.1.1).

9.3 Calcium intakes of the British population

9.3.1  Calcium intake from household foods*®> The current average household
calcium intake in the population is around 820mg/day (Table 9.1). The major
dietary sources of calcium in British household diets are milk and milk products
(approx 56 per cent) and cereals (approx 25 per cent, with about 14 per cent from
bread due to calcium fortification of “white” flour). There has been a decline in
total calcium intakes since 1975 of around 200mg/day which corresponds with the
decline in total milk and bread consumption. Over the same period there were no
changes in the calcium density of the diet as energy intakes have also declined (Fig
9.1).

9.3.2  Calcium in water ~ Calcium from drinking water is well absorbed?®!.

The contribution of water to nutrient intake is generally not assessed in dietary
surveys. The calcium content of water varies from region to region; very hard

Figure 9.1 Calcium content of British household food (1975-1996)
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* calcium density of the diet
Source: MAFF, National Food Survey 1975-1996 (see para 8.1.1)
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Table 9.1 Contributions made by selected foods to the calcium content of food purchased by British households - 1970-96 (averages)

- i 37 35 32 3.1 54 57 40 47 29 35 19 23 22 2.7
- hreakfast cereals n/a n/a n/a 5 0.6 8 1.0 6 0.7 10 1.2
- other cereals 22 2.1 20 2.0 16 1.7 13 1.5 16 i1:9 23 28 26 3.1
‘ 62 5.9 57 5.6 61 6.4 53 6.3 50 6.1 47 58 50 6.1
38 3.6 37 3.7 4 43 40 4.7 37 45 42 5.2 44 54

20 1.9 16 1.6 14 15 13 1.5 9 11 8 1.0 8 1.0

19 18 16 1.6 17 18 15 1.8 17 2.1 18 22 18 22

8 0.8 7 0.7 8 0.8 7 0.8 7 0.9 7 0.9 7 0.9

23 22 26 2.6 21 22 24 2.8 23 2.8 23 2.8 24 2.9

1047 1009 956 847 817 806* 820"

Notes: Figures may not add up due to rounding. No data on skimmed milks are available before 1985 but skimmed milks were available in small quantities in the early 1980s with consumption increasing during the decade. n/a = data
not available. * Since 1992 nutrients obtained from soft and alcoholic drinks and confectionery, and food and drink consumed outside the home have also been assessed. These are excluded from the table but accounted for an
extra 88mg of calcium a day in 1995 and 74mg in 1996

Source: MAFF: National Food Survey, 1970-1996 (see para 8.1.1)




water from the Cotswolds can contain around 300mg calcium per litre and soft
water in Lancashire may contain virtually no calcium. The water consumed as tap
water, in dilutable soft drinks and coffee or tea is likely to be locally drawn, but
the water in ready-to-drink soft drinks, beer and bottled water may come from a
remote source where it was manufactured and/or bottled. In addition the water
used in the manufacture of soft drinks and beer might be treated to remove ions,
for example de-ionised or treated by reverse osmosis. This makes it difficult to
assess the calcium intake from water and water-based drinks. The total liquid
(including water) consumed by an adult is around 1.5-2litre/day. In a survey of
South Northumberland adolescents it was calculated that they obtained 8 per cent
of their dietary intake of calcium from non-milk beverages due to a local water
supply containing 300mg of calcium per litre?*2,

9.4 Calcium intakes in specific population groups (Table 9.2)

9.4.1 Infants  Average calcium intakes in 1986 were 744mg per day for
infants aged 6-9 months and 825mg calcium per day for those aged 9-12
months??3,

9.4.2  Preschool children  For preschool children aged 1/4-4) years the mean
calcium intake in 1992/3 was 637mg/day. The main sources were milk and milk
products providing an overall average of 64 per cent of the calcium intake
(contributing 70 per cent at 1)-2)4 years, 63 per cent at 2)5-3/% years and 59 per
cent at 3)4-4/4 years) and cereals, which provided an overall average of 19 per cent
of the intake (contributing 16 per cent at 14-2)4 years, 20 per cent at 2)5-3% years
and 23 per cent at 3% -4/ years). The mean intakes decreased with age,
particularly when variations in energy intake and body weight were taken into
account®’. Mean calcium intakes for preschool children were about 5 per cent
lower in 1992/3 than in 1967/8%%.

943  School children  In 1983, mean daily calcium intakes for boys were
833mg at age 10-11 years and 925mg at 14-15 years. For girls the mean values
were lower, 702mg at 10-11 years of age and 692mg at 14-15 years of age?”*.

9.44  Young adults A survey in 1982 of young British adults reported mean
daily intakes of 1000mg and 885mg for males and females respectively aged 15-
18 years. Values for age 19-21 years were similar at 1100mg and 745mg, and for
22-25 years were 1125mg and 880mg for males and females respectively??>.

94.5 Adults  In 1986/7, in a national Dietary and Nutritional Survey of British
Adults (aged 16-64 years), the average intake of calcium from food sources only
(i.e. excluding dietary supplements) was 937mg/day for men and 726mg/day for
women?3¢,

9.4.6  Older adults In 1994/5, the NDNS of people aged 65 years and over238
found a mean daily intake of calcium from food sources in those not living in
residential or nursing institutions (free-living) of 852mg in 65-74 year old men,
813mg in 75-84 year old men and 764mg in men over 85 years. There was a
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similar age related decline in women’s daily intakes from a mean of 704mg to
680mg to 647mg in respective age groups. Both men and women who lived in
institutions had higher mean intakes of calcium than their free-living age related
peers, in excess of 800mg/day. Calcium intakes of older people not living in
institutions were lower in 1994/5 than in 1972/3?°°. Participants not living in

Table 9.2 Mean daily calcium intakes (mg) in Britain by age and sex

1986 Male 130 760 (236) n/a
Female 128 729 (254) n/a
1986 Male 96 849 (269) n/a
Female 134 808 (271) n/a
1967/8 Male 103 771* (n/a) -
Female 96
1967/8 Male 186 691 (n/a) -
Female 181
1967/8 Male 188 658" (n/a) -
Female 194
1967/8 Male 164 661* (n/a) -
Female 142
1992/93 Male 298 682 (278) 1
Female 243 643 (266) 0
1992/93 Male 300 642 (251) 1
Female 306 628 (268) 0
1992/93 Male 250 625 (226) 0
Female 243 595 (212) 0
1983 Male 902 833 (253) &
Female 821 702 (217)
1983 Male 513 925 (303) =
Female 461 692 (223)
1982 Male 197 1000 (n/a) n/a
Female 184 885 (n/a)
1982 Male 104 1100 (n/a) n/a
Female 119 745 (n/a)
1986/7 Male 214 894 (337) 5
Female 189 675 (267) 0
1982 Male 149 1125 (n/a) n/a
Female 158 880 (n/a) n/a
1986/7 Male 254 931 (318) 2
Female 253 699 (267) 1
1986/7 Male 346 960 (306) 1
Female 385 760 (270) 4
1986/7 Male 273 949 (269) 3
Female 283 739 (217) 8
1972/3 Male 1 890 (285) <
Female 125 780 (251)
1972/3 Male 58 870 (311) =
Female 71 690 (184)
1994/5 Male 27 852 (285) 1
Female 256 704 (237) 8
1994/5 Male 265 813 (290) 0
Female 217 680 (256) 4
1994/5 Male 128 935 (338) 1
Female 91 900 (261) 2
1994/5 Male 96 764 (252) 0
Female 170 647 (253) 7
Male 76 981 (295) 2
Female 117 828 (271) 7

Note:  n\a = data not available, * = data not available for males and females separately
Older reports give mean values for total calcium intakes which include intakes from both food and supplements, but values are not reported
separately from these two sources.
sd = standard deviation.
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institutions obtained about 50 per cent of their calcium intakes from milk and milk
products and about 25 per cent from cereals and cereal products. Those living in
institutions obtained a similar proportion from milk and somewhat more from
cereals at about 35 per cent of intake for men and 30 per cent for women. Further
information about the reported calcium intakes of older people in diverse
circumstances is set out in Table 9.3.

Table 9.3 Mean daily calcium intakes (mg) in Britain by age and sex for
specified groups of older people

In sheltered housing
males 858 (336)

1991/2301 Edinburgh

females 160 731 (300)
1990302 Norwich Not in institutions

males 60 889 [852 - 928]

females 85 805 [777 - 835]

§0-85Vyear§ 1985-7188) Southampton |*  Not in institutions

males 120 843* [560-1042)
females 480 651* [467 -799]
63 - 89 years 1985303 Southampton Healthy (70 - 85 years) 24 1004 (100)
Housebound (70 - 85 years) 20 800 (132)
Hospitalised, non-smokers 21 792 [700 -888]
(63 - 89 years)
65 - 95 years 1974-6304 Belfast Institutionalised:
o e - in hospital
males (+Suppl)* 1 970 (246)
females (+Suppl)* 43 854 (122)
males 13 791 (88)
females 30 763 (141)
- in residential accommodation
males 9 892 (82)
females 17 868 (142)
- in sheltered dwellings
males 3 619 (243)
females 17 654 (223)
Residing at home
males 10 1000 (398)
females 27 711 (285)
males (+Suppl)** 5 668 (154)
females (+Suppl)** 1 719 (305)
Notes: * = subjects taking multivitamin supplements for at least 3 months prior to study

** = calcium intakes estimated from frequency and amount questionnaire providing information on the consumption of milk, bread,
cheese, puddings, cakes and biscuits
sd = standard deviation

9.47  Pregnant women Several local dietary studies of pregnant women have
shown mean calcium intakes of about 900mg/day in the first trimester, with
intakes increasing to 1000mg/day or more as pregnancy advances (Table 9.4)
which can be attributed to changes in eating habits, including slight increases in
intakes of milk, milk products and bread??6:297:298.299,

9.4.8  Lactating women Calcium intakes at two months postpartum of women
in Edinburgh and London were assessed according to whether the participant was
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lactating or not?®®. Mean daily calcium intakes, which were lower than those
reported by the same women during pregnancy (Table 9.4), were higher in
lactating women in London (880mg) than in Edinburgh (857mg), likewise in non-
lactating women: London, 780mg and Edinburgh, 671mg. In both cities whether
lactating or not, mean calcium intakes were lower for women from lower social
classes. The study of pregnancy and postpartum calcium intakes from Cambridge
reported higher intakes during lactation but confirmed the lower intakes in women
from “manual occupation” families: 1500mg/day non-manual, 1400mg/day
manual®”’. In a more recent study, also from Cambridge, the mean daily calcium
intake for lactating women was 1250mg’”.

Table 9.4 Mean daily calcium intakes (mg) in Britain of pregnant women

in early pregnancy attending

860 (295)

1987/829%8 Aberdeen
antenatal clinic
19862% London and living in London 46 873 (n/a)
Edinburgh living in Edinburgh 87 964 (n/a)
1980305 Hackney and delivered infant birthweight <2500g 28 761(n/a)
Hampstead birthweight 3500-4500g 165 953(n/a)
London
19862% London and living in London 91 983 (n/a)
Edinburgh living in Edinburgh 36 911 (n/a)
1982-4306 South London | smokers 94 910 (330)
e non-smokers 112 1030 (349)
|3rd trimester 1991/2307 South-west longitudinal study of pregnancy 11,923 953
e England and childhood (500; 1442)*
3rd trimester | 1987/829 Aberdeen attending antenatal clinic 224 1015 (357)
3rd trimester | 198629 Londonand | living in London 10 1045 (n/a)
. Edinburgh living in Edinburgh 107 988 (n/a)
73rd trim ster 1984/5297 Aberdeen married women booked for 142 980 (463)
B et hospital delivery
3rd trimester 1982-4306 South London | smokers 72 840 (314)
L non-smokers 97 990 (304)
;stabe ﬁot ,&atéd 1986 300 Cambridge non-manual occupation 42 1300 (300)
e manual occupation 21 1100 (300)
stage not stated | 1977-1980 Harrow attending antenatal clinic
e 308 London all Asian 813 1186 (410)
Hindu vegetarians 450 1253 (417)
Hindu non-vegetarians 225 1165 (375)
Muslim non-vegetarians 138 1002 (389)
White 54 1127 (489)

Notes: n/a = data not available; sd = standard deviation; * 5th and 95th percentiles
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9.5 Contribution to calcium intakes from fortification

9.5.1  Within the cereals group more calcium is supplied from “white bread”
than any other category, due to calcium fortification of “white”**" flour which also
accounts for the high proportion of calcium obtained from buns, cakes, pastries,
biscuits, puddings, other bread such as brown and continental types and other
cereal products such as pizza. The proportionate contribution to mean calcium
intakes from fortified flour was estimated from data collected in three nationally
representative diet and nutrition surveys?86-287:288,

Estimated percentage of calcium

Population group intake from fortified flour
14-2% years male and female 12%
25-3% years male and female 17%
3%-4% years male and female 19%
16-64 years male 13%
16-64 years female 11%
65+ years male (not in institutions) 13%
65+ years female (not in institutions) 11%
65+ years male (living in institutions) 12%
65+ years female (living in institutions) 11%

9.6 Contribution made by dietary supplements to the total calcium intake

9.6.1  The National Diet and Nutrition Surveys assess the contribution of
supplements to nutrient intakes (Table 9.2). In the recent survey of people aged
65 years and over calcium supplements (including prescribed supplements)
contributed 2 per cent of total calcium intake for women not living in institutions.
When prescribed supplements were excluded the contribution was reduced to 1
per cent of total calcium intake. For women in institutions supplements
contributed 1 per cent of total calcium intake (0.5 per cent when prescribed
supplements were excluded). The contribution made by supplements to intakes
for men in this age group was negligible. Calcium supplement taking was
uncommon at all ages but was most likely in older women and was more common
in individuals who were already towards the higher end of the range of calcium
intakes. Of those not in institutions 4.3 per cent (48 of 1110 survey participants)
of individuals took calcium supplements, as did 2.8 per cent (10 of 357 survey
participants) of individuals living in institutions.

9.7 Regional variations in calcium intakes

9.7.1  Mean daily calcium intakes assessed from household foods vary from
790mg in Scotland to 860mg in the East Midlands, but there is no regional trend?%>
(Figure 9.2). This generally matches the findings from surveys of individuals
(Table 9.5) although there are age related regional differences. Preschool children
and adults (including older people) had lower intakes in Scotland and Northern
England compared with the intakes in the Midlands, Wales and Southern England.
The surveys of school children and young people generally found higher calcium
intakes in Scotland and the North.

ik “White” flour includes all flour except wholemeal and certain specialised flours.
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Figure 9.2 Calcium content of British household food by region (1994-1996)
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Source: MAFF, National Food Survey 1994-1996 (See Para 8.1.1)

Table 9.5 Mean daily calcium intakes (mg) from all sources (includes
supplements) by age, sex and region of Britain

1992/3287

Both

Humberside

Region

North West

East Midlands

West
Midlands

Southwest

South East/

East Anglia

1983294 Male 880 830 810 700
Female 740 710 690 660

1983294 Male 960 900 940 920
Female 720 609 710 660

198229 Male 1255 1140 1070 1090
Female 800 880 830 845

1986/7286 Male 881 888 968 967
Female 692 705 750 738

1994/5288 Male T 878 857
Female 667 695 730
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9.8 Variations in calcium intakes with social class/income

9.8.1 Surveys of individuals show an association between low calcium intake and
lower social class (assessed on occupation of the head of household) although the sizes
of the groups for Class V were generally small (Table 9.6). The National Food Survey
assesses intakes by income of the head of household. On this basis mean daily calcium
intakes in lower income groups appeared to be somewhat higher than in higher income
groups but the differences are small (Figure 9.3). Differences in methodology mean

the results from the two types of survey are not directly comparable.

Table 9.6 Mean total daily calcium intakes (mg) from all sources (includes

supplements) by age, sex and social class of head of household

198629 Both
1986293 Both 812 831
1992/3287 Both 656 623
1983294 Male 930 910 770 810 820 810
Female 740 740 740 700 660 680
1983294 Male 1100 970 1050 930 870 760
Female 730 750 670 720 660 600
1980295 Male 1215 1030 1180 1030
Female 930 920 820 735
16- 64 years 1986/7286 Male 1006 912 917 868
. - Female 790 747 702 660
65+ years 1994/5288 Male 885 802
1ot in institutions Female 745 655

Notes: NM = non manual occupation; M = manual occupation

Figure 9.3 Calcium content of British household food
by income group (1994-1996)
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A B Cc D National Average*

Income group
The level of income decreases from income group A to income group D
* National average also includes households without an earner and pensioner households, who had higher calcium
intakes than households with an earner.

Source: MAFF, National Food Survey 1994-1996 (See para 8.1.1)
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9.9 The diets of minority groups

9.9.1 Vegetarians ~ More than half of the calcium consumed by the British
population is from dairy products. Vegetarians who exclude all animal products from
their diet (vegans) may have low calcium intakes?'?. In addition, the higher phytate
content of a plant based diet may adversely affect calcium bioavailability (para
5.2.3). Average daily calcium intakes of .vegans have been reported as 582mg
(males) and 497mg (females)?!!. Vegetarians who consumed dairy products had
intakes of calcium comparable to those of the general population (Table 9.7).

9.9.2  Diets from the Indian subcontinent The UK population includes minority
groups from very many countries. The diets of these groups differ from the diet of
the average population to varying extents. There are no representative data about
particular ethnic minority diets except that limited information is available for the
minority community originating from the North Indian subcontinent (‘“Asian’)
(Table 9.7).

9.9.3  Asian infants aged 6 months in Rochdale?!? had lower intakes of calcium
than the population average?®?, but by 9 months the mean intake was comparable to
the national level. During pregnancy Asian women had average intakes of
calcium comparable with those of pregnant white women (Tables 9.4 and 9.7).

Table 9.7 Mean daily calcium intakes (mg) of adult vegetarians and of
young children and pregnant women from the Indian subcontinent now
living in Britain

Population Group | Yearof | Special characterists | Number | Caloium |
b e feldwork sl i i | intake mg/d

- not stated3!! vegetarians who eat fish and chicken

- male 13 1122
- female 24 840
vegetarians who eat no animal flesh
- male 16 995
- female 36 891
vegetarians who eat no animal products (vegans)
- male 18 582
: - female 20 497
3 months old | 198281 Asian children aged 0-24 months 54 414
o (Indian and Pakistani)
52 575
47 798
49 818
47 783
1977-80308.309 |  All Asian pregnant women 813 1186
Hindu vegetarian pregnant women 450 1253
Hindu non-vegetarian pregnant women 225 1165
Muslim non- vegetarian pregnant women 138 1002
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9.10  Calcium intakes assessed using DRVs

9.10.1 Table 9.8 sets out the daily calcium intakes in relation to the DRVs. It is
important to assess the dietary intakes of the group as a whole, without exclusions.
The data from individuals with implausibly low energy intakes have therefore not
been excluded. It is not appropriate to make assumptions that the dietary records
from these individuals are necessarily inaccurate, particularly when no equivalent
judgement can be made of the highest energy intakes.

Table 9.8 Mean daily calcium intakes{ (mg) in Britain for specified
population groups compared with the respective DRV 724285294

350 195 184 <1 2
642 628 350 183 179 1 1
625 595 450 139 132 2 3
833 702 550 151 128 1 2
925 692 1000M/800F 93 87 5 18
894 675 700 128 96 3 16
931 699 700 133 100 3 13
960 760 700 137 109 1 7
949 739 700 136 106 1 5
852 704 700 122 101 4 8
813 680 700 116 97 5 10
764 647 700 109 92 2 15
935 900 700 134 129 0 1
981 828 700 140 118 1 1

Notes: 1 Table based on calcium derived from food sources only and excludes the contributions from supplements which were on average very
small at all age groups
M= male; F = female
DRV = Dietary Reference Value; RNI = Reference Nutrient Intake; LRNI = Lower Reference Nutrient Intake
* DRV for 4-6 year olds used for assessment
** DRV for 7-10 year olds used for assessment
*** DRV for 19-50 year olds used for assessment

9.10.2  Infants and preschool children The dietary intakes of calcium of
infants aged 6-12 months are shown in Table 9.2 and para 9.4. These data are now
over 10 years old. Mean values for calcium intake are close to 150 per cent of the
RNI, and intake values at the extreme low end of the distribution are close to the
RNI.  The quinquennial national surveys of infant feeding practices’!3 do not
quantitate nutrient intakes but they provide reassurance that the patterns of feeding
infants in this country have not changed substantially in the past 10 years. Recent
data are available on the calcium intakes of children aged 1%-4)% years (Table 9.2).
These show that mean intakes are well above the RNI (Table 9.8). One per cent
of children aged 1)5-3/ years and 2 per cent of boys and 3 per cent of girls over
3} years recorded intakes below the LRNI over the four day recording period.
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In conclusion:

The calcium intakes of infants and children up to age 4/ years are adequate
as assessed against the DRVs (conclusion 9.1.2).

9.10.3 School children and adolescents There is no recent national
information about the nutrient intakes of school children in this country. A survey
of diet and nutrition of young people aged 4-18 years in Britain completed
fieldwork in early 1998 but no results are yet available. In 1983%, a survey of
10-11 year olds found a mean daily intake of calcium for boys of 833mg and for
girls of 702mg, compared with the RNI of 550mg for children aged 7-10 years and
with the RNI for children aged 11-18 years of 1000mg for boys and 800mg for
girls. Given that the RNI value for age 10-11 years is likely to lie between the
values for the above age bands, these intakes appear adequate. One to two per cent
of both the boys and the girls aged 10-11 years had intakes below the LRNI
for children aged 7-10 years.

9.10.4 In the same survey, recorded mean calcium intakes of children aged 14-
15 years were equivalent to 93 per cent of the RNI for boys and 87 per cent of the
RNI for girls aged 11-18 years?®*. About 5 per cent of boys and about 18 per cent
of girls recorded intakes below the LRNI. It is a matter of concern that this
significant proportion had calcium intakes below those deemed to be adequate for
the group as a whole. Another national survey in 198229 of 15-25 year olds found
much higher calcium intakes than those recorded for these ages in other studies
(Table 9.2). No estimates have been made of underreporting of dietary intakes in
these studies and new data are urgently needed.

In conclusion:

There are no recent data about calcium intakes in primary school children.
Data about older children are limited to specific ages and, because they were
collected several years ago, may not reflect current dietary practices. It is not
possible to draw firm conclusions for this age group but average intake was
below RNI values in secondary school children, especially older girls, and all
young people should take special care to avoid low calcium intakes. When the
data from the National Diet and Nutrition Survey of young people are
available, they should be reviewed with particular reference to calcium
intakes and to identifying the characteristics of those whose intakes are low
(conclusion 9.1.3).

9.10.5 Women aged 16-64 years National data for adults are now also over 10
years 0ld?8¢ (para 9.4.5 and Table 9.2). Then, the mean daily calcium intake for
women aged 16-24 years was 675mg which represents 84 per cent of the RNI for
the 11-18 year age group and 96 per cent of the RNI for the age group aged 19
years and above. In the 25-34 year group of women the mean daily calcium intake
was 699mg which equals the RNI, and similar values were recorded for older age
groups. A significant proportion of women recorded calcium intakes below the
LRNI of 400mg: 16 per cent at 16-24 years, 13 per cent at 25-34 years, 7 per cent
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at 35-49 years and 5 per cent at 50-64 years. Further analysis of the data showed
evidence to suggest that the recorded intakes might not have represented habitual
dietary practices, indicating some degree of underreporting. Of the total of 442
women aged 16-34 years, 220 reported food intake which contributed energy less
than 1.2 calculated BMR. Virtually all of the individuals with intakes below LRNI
were in this group. However, as 4 per cent of the women with energy intakes at
or exceeding 1.2 BMR also had calcium intake levels below the LRNI, it would
be difficult to justify ascribing values for calcium intake below the LRNI solely to
deficiencies in the dietary records. The more prudent public health approach is to
assume that a proportion of women, especially at younger ages have inadequate
calcium intakes as judged by the DRV.

In conclusion:

The average calcium intakes of adult women are adequate compared to
DRYVs, although intakes of a proportion of women particularly in the younger
groups are low. It is prudent for those with low calcium diets to increase their
intakes. Underreporting may account for some of the apparent low intakes.
A National Diet and Nutrition Survey of adults aged 19-64 years is now being
planned to begin fieldwork in 1999 and should provide more up-to-date data
from which calcium intake can be assessed (conclusion 9.1.4).

9.10.6  Older women The mean calcium intakes of women over 50 years were
close to the RNI value of 700mg which suggests that, on a group basis, calcium
intakes are adequate. However, mean intake was below the RNI for women not
living in institutions aged 75 years or older (Tables 9.2, 9.8). Of women aged 65
years or over not living in institutions 10 per cent recorded calcium intakes below
the LRNI?®.  Although underreporting may have accounted for low recorded
calcium intakes of a proportion of this group, it cannot be assumed that this
accounts for the low calcium intakes in all cases. Women aged 65 years or over
living in institutions, as a group, had mean calcium intakes above the RNI.
Virtually no women in institutions recorded calcium intakes below the LRNI.
This was attributed to the high proportion of milk and milk products in their diets.

In conclusion:

A proportion (less than 10 per cent) of older women in Britain not living in
institutions appear to have calcium intake levels which are low as assessed
against DRVs (conclusion 9.1.5).

9.10.7  Pregnant and lactating women There are no national data for calcium
intakes during pregnancy and lactation. The results from local surveys in
pregnancy are recorded in Table 9.4 (para 9.4.7), and show adequate intakes in
relation to the RNI of 700mg. Mean calcium intakes recorded during lactation are
below the RNI of 1250mg for lactation (para 9.4.8) although intakes exceed the
adult RNI value.
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In conclusion:

There is no evidence that the diets of pregnant or lactating women do not
provide adequate intakes of calcium (conclusion 9.1.6).

9.10.8 Men At all ages the mean daily calcium intakes recorded for men
exceeded the RNI value of 700mg (Table 9.8). The proportion of men aged 16-24
years with intakes below the LRNI was 3 per cent. For men not living in
institutions aged 65 years or over, about 5 per cent recorded calcium intakes below
the LRNI.

In conclusion:

In general, the calcium intakes for men appear to be adequate at all ages
although there was a small proportion with intakes below the LRNI
(conclusion 9.1.7).
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10. Dietary intake and nutritional
status of the population - vitamin D

10.1 Conclusions

10.1.1  Children aged 0-3 years, pregnant and lactating women, and people
aged 65 years or older, all of whom are vulnerable to vitamin D deficiency,
had mean dietary intakes which were low. The contribution from
supplements, except in infants and young children, appears to be minimal
and was lowest of all in groups of old people in institutions (para 10.9.4).

10.1.2  The vitamin D status, assessed from plasma 25(OH)vitamin D, of the
majority of the population of children under 4 years appears to be
satisfactory (para 10.9.1). Some minority groups of children remain at risk
due to factors associated with lifestyle. The current programme of vitamin D
supplementation for this section of the population should continue.
Educational programmes to reinforce this policy appear to be needed (para
10.10.2).

10.1.3 There is no information about the vitamin D status, as assessed from
25(OH)vitamin D plasma levels of the UK population aged 4-64 years, nor of
pregnant or lactating women. This will need to be reviewed urgently as the
results of surveys now commissioned become available (para 10.10.4).

10.1.4 The vitamin D status of a significant minority of older people is low,
particularly among those living in institutions. This nutritional deficiency is
unsatisfactory for general health. It may also contribute to increasing the
risk of fractures but further data from long term intervention trials are
needed (para 10.10.7).

10.2 Assessing vitamin D status

10.2.1 Both diet and sunlight contribute to the body’s store of vitamin D. For
most people, sunlight is the major factor in ensuring vitamin D adequacy, yet it
cannot be quantified routinely. The dietary component is important for the whole
population because of the limited period for synthesis from the skin. It is crucial
for those who, for diverse reasons, do not expose their skin to sunlight.

10.2.2  The vitamin D status marker, plasma 25(OH)vitamin D, provides, for the
first time, a means to assess vitamin D status in populations. The significance of
different levels of this metabolite is being investigated (para 6.2.3). In considering
the results of 25(OH)vitamin D values, the time of the year and the latitude of
abode of the study participants need to be taken into account.
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10.3 Dietary intakes of vitamin D of the British population

10.3.1  Vitamin D intake from household foods®® Most vitamin D is provided
by margarine and other fat spreads (which are usually fortified), cereals (due to
the fortification of some breakfast cereals with vitamin D), oily fish, meat, eggs
and milk products (Table 10.1). The total amounts contributed by milk and milk
products and by fats in the past 25 years show no significant trend although within
these categories, there have been major shifts. Less is now obtained from whole
milk and less from other milk and cream; while the amount from butter has also
fallen, that from other fats (mainly reduced and low fat spreads) has increased
(Table 10.2). Measurable amounts of vitamin D and its metabolites have now been
found in carcase meat as a result of new analytical methods. The gradual
introduction of these new data into the National Food Survey resulted in an
increase in assessed vitamin D intake in 1995 and 1996 (Figure 10.1). For
example, without the new meat data, vitamin D intake in 1995 would have been
2.69 pg/day with 1.1 per cent coming from meat and meat products but with the
new data the intake is 2.96 pg/day with over 10 per cent coming from meat and
meat products. Only oily fish, including herrings, tuna, salmon, sardines,
mackerel, contribute significantly to vitamin D intake from fish. The proportion
of vitamin D obtained from fish and fish products was 30 per cent in 1951; after
a nadir in the 1980s, there has been a small increase in the 1990s (Table 10.3). The
vitamin D density of the diet has gradually increased since 1975 (Figure 10.1).

Figure 10.1 Vitamin D content of British household food (1975-1996)
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present in meat (see para 10.3.1)
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Source: MAFF, National Food Survey 1975-1996 (see para 8.1.1)
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Table 10.1 Contributions made by selected foods to the vitamin D content of food purchased by British households - 1970-96 (average)

FoodSouﬂ:e o L s e e
' 19 . e ;
-~ Hg/d | % b o
0.26 0.36 13.5 0.25 8.7 0.32
lmuld whole milk 0.10 35 0.10 39 0.07 25 0.08 2.7 0.05 18 0.04 1.2 0.03 0.9
= dl'hlf mllk skim 0.10 3.6 0.07 2.8 0.05 16 0.04 15 0.07 2.2 0.07 2.3 0.07 2:1
0.01 0.5 0.13 5.0 0.09 3.2 0.16 5.5 0.10 34 0.09 31 0.09 2.7
0.05 17 0.05 19 0.04 14 0.04 13 0.04 13 0.04 j 0.04 1.2
1.22 426 1.14 433 1.39 48.9 1.49 50.3 1.52 50.2 1.26 425 1.30 38.8
0.30 10.6 0.29 10.9 0.12 43 0.09 29 0.05 1.6 0.04 14 0.05 15
0.92 32.1 0.84 31.8 1.23 432 1.21 41.0 1.03 34.1 0.47 15.8 0.41 12.2
- - 0.02 0.7 0.04 1.4 0.19 6.4 0.44 14.5 0.75 25.3 0.85 254
Eggs 0.50 17.4 0.44 16.9 0.46 16.2 0.35 1.7 0.28 9.3 0.24 79 0.24 72
0.23 8.1 0.15 5.8 0.26 9.1 0.31 10.5 0.37 121 0.39 13.1 0.56 16.7
. = = - = = 0.01 04 0.01 0.3
. l:akes, paslries, 0.12 41 0.08 32 0.06 2.3 0.07 22 0.03 0.9 0.03 11 0.04 12
biscuits -
- hreakfast :ereals n/a n/a n/a 0.18 6.1 0.29 9.6 0.31 10.4 0.48 14.3
Total Ituﬂ& # - A » - 0.01 04 0.01 0.3
0.03 1.0 0.03 11 0.03 1.0 0.03 0.9 0.02 0.7 0.30 10.0 0.42 12.5
Total fsh | o 20,0 0.48 18.4 0.42 14.9 0.4 14.9 0.56 18.4 0.51 173 0.5 16.4
To E‘Iheverages 0.04 12 0.02 0.7 0.03 11 0.02 0.7 0.01 04 0.01 0.4 0.01 0.3
ot rlngds;i . 0.01 0.2 0.01 0.3 = = 0.01 0.2 0.01 04 0.03 0.9
| Total daily
vitamin D
| intakes (pg) ffffff 2.87 2.63 2.85 2.96 3.02 2.96* 335

Notes: Figures may not add up due to rounding. n/a = data not available

* Since 1992 nutrients obtained from soft and alcoholic drinks and confectionery, and food and drink consumed outside the home have also been assessed.Soft and alcoholic drinks and confectionery, and food and drink
consumed outside the home are excluded from the table but accounted for an extra 0.24pg vitamin D per day in 1995 and 0.23jg in 1996. The substantial increase in 1995 and 1996 in vitamin D from meat is a result of new
analytical data on the amounts of vitamin D present in meat (see para 10.3.1) Source: MAFF, National Food Survey 1970-96 (see para 8.1.1).



Table 10.2 Percentage contribution made by butter, margarine and other fats
from 1955 to 1996 to the mean vitamin D content of household food in Britain (%)

Yéar b Bt;ﬁer f . Margarine | Otherfats |  Totalfats
fo5E e 75 47 0.1 494
e 106 36.2 03 471
ws 11.9 314 02 434
W 106 321 - 126
o 10.9 31.8 07 433
g L 43 4.2 14 48.9
. 29 410 64 503
o0 i 16 341 145 502
vy 14 15.8 253 425
e 13 12.2 253 389

Notes: Figures may not add up due to rounding.
Source: MAFF National Food Survey, 1955-96 (see para 8.1.1)

Table 10.3 Total and percentage contribution made by fish to the mean
vitamin D content of household food in Britain (1955-96)

Yer | oiyfsh | Otherfishandfishproducts | Totalfish
Wk Eaw ol
o5 na - n/a = 07 19.7
e 0.33 97 050 154 0.83 25.1
o n/a - na - 0.80 26
w0 052 18.1 005 18 057 200
1975 - 043 16.4 005 20 0.48 18.4
e 0.42 146 001 03 0.42 14.9
0 0 043 145 001 04 0.44 14.9
1990 054 17.9 002 06 056 18.4
1995 0.49 16.4 0.03 09 051 17.3
1996 052 156 0.03 09 0.5 165

Notes: n/a = data not available
* “oily fish” includes herring, tuna, sardine, salmon
Source: MAFF National Food Survey, 1955-96 (see para 8.1.1)
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104 Vitamin D intakes in specific population groups (Table 10.4)

104.1 Infants The total mean daily intake of vitamin D from food is higher at age
6-9 months (mean 4.70 pg/day) than at any other age. This can be attributed to drinking
infant formula which has high levels of fortification. The 1986 survey of feeding
practices in the second half of infancy reported a lower mean intake of vitamin D of 2.14
ug/day at age 9-12 months as mothers switched from infant formula to cows’ milk?3.
More recent advice is that the introduction of cows’ milk be delayed until 12 months of
age. Formula milk is now being given for longer and as a result the vitamin D intakes
of this age group are likely to have risen since 1986 (DH survey of 1997 - unpublished).
For infants receiving them, vitamin D supplements contributed 63 per cent and 77 per
cent of the total vitamin D intake at 6-9 months and 9-12 months respectively in 19862%.

104.2  Preschool children Mean intakes of vitamin D from all sources i.e. including
supplements in children aged 1/-4% years was 1.9ug/day of which supplements of
vitamin D contributed somewhat less than about a half for all age groups. Children in
the youngest age group (1%-2) years) had significantly higher vitamin D intakes per
1000kcal energy intake than children in older age groups. In the youngest age group,
much of the vitamin D came from ‘other milk and milk products’, which included infant
formula, whereas in the oldest age group fat spreads and breakfast cereals, both of which
are often fortified with vitamin D, were more important sources?®’. The mean daily
intakes of vitamin D for children aged 1/5-3)% years were slightly lower in 1992/3, than
those recorded in 1967/8, but intakes at 35-4)5 years were comparable in the two
surveys287:289,

1043 Adults The Dietary and Nutritional Survey of British Adults found that men
had an average intake of 3.78ug vitamin D per day, and women had an average intake
of 3.09ug vitamin D per day, from all sources?®. Of these intakes, supplements
provided on average about 9 per cent for men and about 19 per cent for women. Intakes
increased with age for both men and women. In this survey, most of the vitamin D from
food was obtained from fats and fat spreads (30 per cent, mostly non-butter spreads),
cereal products (24 per cent, mainly fortified breakfast cereals) and fish and fish dishes
(22 per cent, mostly oily fish). The new vitamin D values for meat were not available
at that time.

10.4.4  Older adults  From the age of 65 years mean intakes of vitamin D for men
and women tended to decrease with age (Table 10.4). The intakes from all sources for
men not living in institutions fell from 4.79 pg/day at 65-74 years to 4.27 pg/day at 75-
84 years to 3.39 pg/day at 85 years and older, and matching mean intake levels for
women were 3.51 pg/day at 65-74 years, 3.49 ug/day at 75-84 years and 2.89 pg/day at
85 years and over. Supplements (excluding prescribed supplements) contributed
approximately 11 per cent of vitamin D intake in men and 15 per cent in women aged
65 years or over who were not living in institutions, but only contributed 1 per cent in
those living in institutions. The contribution of fortified foods (fat spreads and breakfast
cereals) to vitamin D intake was greater than that of supplements in this age group
(estimated to be 37 per cent in men and 38 per cent in women). The recent survey of
older people showed that current vitamin D intakes are higher?®® than had been recorded
22 years before?®. The new methods to measure vitamin D in meat accounts for part
but not all of the increase in intakes.
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Table 10.4 Mean daily vitamin D intakes (ug) in Britain by age and sex

Sex
6-9 mo’lﬂh 1986 Both 258 74 4.70 (4.79) 2.
9 - 12 months 293 1986 Both 230 42 2.14 (3.30) 21
6 - 18 months 289 1967/8 Male 103 5.4* (n/a) = =
Female 96
1% - 2% years 269 1967/8 Male 186 2.9* (n/a) - -
i . Female 181
1967/8 Male 188 2.0* (n/a) = =
Female 194
1967/8 Male 164 1.8* (n/a) 5 o
Female 142
1992/3 Male 298 1.7 (241 12012 0.5
Female 243 2.0 (2.3 12 (1.1 0.8
1992/3 Male 350 1.7(1.8 1.2 gO.Q; 05
Female 306 19(24 1.2(0.9 0.7
1992/3 Male 250 2.0 (2.3 14 21,1; 0.6
Female 243 1.9 (21 1.3(0.8 0.6
1983 Male 902 1.48 (1.09 = ©
Female 821 1.32 (0.98
1983 Male 513 1.63 %130 = ®
Female 461 1.24 (0.89
1986/7 Male 214 3.02 (2.50 2.81(2.49 0.21
Female 189 2.44 (2.23 2.10 (1.26 0.34
1986/7 Male 254 3.40 (2.61 3.16 (2.31 0.24
Female 253 2.59 (2.22 2.30 (1.57 0.29
1986/7 Male 346 4.17 (3.66 3.71 (2.64 0.46
Female 385 3.20 (3.06 2.61(1.77 0.59
1986/7 Male 273 4.24 (3.78 3.80 52.80 0.44
Female 283 3.81(3.63 2.82 (2.07 0.99
1972/3 Male 111 2.4 (1.64
Female 125 21 (1.79
1972/3 Male 58 2.7 52.01
Female 4l 2.3 (2.61
1994/5 Male 271 4.79 (4.03)** 4.25(3.49)** 0.54
Female 256 3.51/(2193)"™ 2.96 (2.54)** 0.55
1994/5 Male 265 4.27 (3147)** 3.81(2.68)** 0.46
Female 217 3.49 (2.85)** 3.03 (2.40)** 0.46
1994/5 Male 128 3.65 (2.09)** 3.62 (2.00)** 0.03
Female 91 3.36 (1.81)** 3.32 (1.83)** 0.04
1994/5 Male 96 3.39 (2.43)** 3.18 }2.19;** 0.21
Female 170 2.89 (2.39)** 2.31 (1.50)** 0.58
Male 76 422 %2.56{** 4.08 52442 ot 0.14
Female 17 3.36 (1.76)** 3.31 (1.76)** 0.05

Notes: large sd figures are due to a skew as a result of vitamin D supplementation.
n/a = data not available; sd = standard deviation
* data not available for males and females separately.
** includes data from new analyses of vitamin D in meat.
Older reports give mean values for total vitamin D intakes which include intakes from both food and supplements but values are not
reported separately from these two sources.
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10.5 Vitamin D intake attributable to fortification

10.5.1 The number of foods fortified with vitamin D has increased in the past 20
years and Government survey databases are regularly updated to take this into
account. Some breakfast cereals and a few other foods, for example, reduced and
low fat spreads and some yoghurts are now fortified voluntarily by the
manufacturers, and such foods make an increasing contribution to vitamin D intake.
Infant formula and manufactured weaning foods are both fortified with vitamin D
and make a substantial contribution to the intakes of infants and young children. At
older ages vitamin D from fortified breakfast cereals makes an increasing
contribution. Within the non-butter fat spreads sector, margarine contributes a
declining proportion and other fat spreads an increasing proportion (Table 10.2).

10.6 Contribution from dietary supplements to vitamin D intake

10.6.1 Only in infants do dietary supplements make a substantial contribution to
the vitamin D intakes. In a recent national survey 23 per cent of mothers reported
giving vitamin supplements to their babies at age about 14 months (Table 10.5)
(Department of Health survey of 1997 - unpublished). During younger adult life,
the proportion of intake from supplements tends to be low. Older people derive on
average around 13 per cent of their intakes from supplements. The contribution
made by supplements for those living in institutions is smallest of all.

Table 10.5 Proportion of babies receiving vitamin supplements in Britain by
age - a comparison between the national population and a population of
Asian origin (%)313 314

Age Population Group
Pakistani Bangladeshi Indian Nationally
representative of

UK

9 weeks 22 15 21 6

5 months 41 32 39 9

9 months 57 52 56 17

14/15 months 54 50 58 23

24 months 38 43 46 n/a

Notes: n/a = data not available

10.7 Variations in vitamin D intakes by region and income

10.7.1  The region with the highest intake was West Midlands and the lowest was
Scotland as assessed from household foods, although the range of intakes from highest
to lowest was narrow (about 0.5 ug/day)(Figure 10.2). As determined from surveys of
individuals, total intakes were highest in London and South-East for preschool
children which was probably due to higher intakes from vitamin supplements. At
other ages there was no evidence of regional variation in intake (Table 10.6). Figure
10.3 shows vitamin D intakes, as assessed in the 1994-1996 National Food Survey by
income group. It shows an increase in vitamin D intake with decreasing income.
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Figure 10.2 Vitamin D content of British household food by region
(1994-1996)
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Source: MAFF, National Food Survey 1994-1996 (See Para 8.1.1)

Table 10.6 Mean daily vitamin D intakes (ug) from all sources (includes
supplements), by age, sex and region of Britain

Both

Both 1675 14 a7 1.9 22
Male 1272* 1.24 1.54 1.54 1.40
Female 1160* 1.15 1.36 1.40 1.24
Male Slate 1.76 1.69 1.66 1.48
Female 457** 1.09 1.33 127 1.14
Male 1087 37 4.1 87 3.6
Female 1110 2.8 3.3 2:9 3.3
Male 632 4.40 4.96 4.23
Female 643 3.13 3.53 3.67

Notes:  * numbers differ from those in Table 10.4 as the regional analysis includes data from an additional Scottish sample.
** numbers differ slightly from those in Table 10.4 due to differences in regional analysis.
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Figure 10.3 Vitamin D content of British household food by income group
(1994-1996)
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Source: MAFF, National Food Survey 1994-1996 (See para 8.1.1)

10.8 The diets of minority groups

10.8.1  Vegetarians Vegetarians who do not eat animal flesh had lower dietary
intakes of vitamin D than people who ate fish and chicken (Table 10.7). Intakes
of vitamin D from vegan diets were also lower.

10.8.2  Diets from the Indian subcontinent ~Mean vitamin D intakes for Asian
children at ages 6, 12 and 24 months were all substantially greater than the intakes
recorded from the age matched general population (Table 10.7). The differences
are likely to be due to higher intakes from vitamin supplements which are
particularly encouraged for Asian under-fives. The rates of vitamin D supplement
taking, up to the age of 2 years, are several times higher among children from
Asian families. While less than 20 per cent of a nationally representative
population of infants and young children were receiving supplements, more than
50 per cent of Asian origin children were receiving them by the age of 9 months
(Table 10.5). Information about the diets of Asian children up to age 2 years was
obtained from a simple food frequency questionnaire. When compared with a
group of white infants, Pakistani and Bangladeshi infants were more likely to be
given cows’ milk before age 1 year. At age 2 years 28 per cent of Indian children
were vegetarian, 3 per cent of Bangladeshi, 4 per cent of Pakistani and 32 per cent
of Indian children aged 2 years ate meat less than once a week or not at all3'%.
Intakes of vitamin D in pregnancy from food sources were lower for Asian women
than for white women, being lowest for vegetarian Asian women, for whom
margarine was the major source3%8:30,
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Table 10.7 Mean daily vitamin D intakes (ug) of adult vegetarians and of
young children and pregnant women from the Indian Subcontinent now
living in Britain

Population Group | Yearof | Special characteristos »Afj{Numbéi' Vitamin D
fieldwork in group intake pg/d
Adults - not stated3!? | vegetarians who eat fish and chicken
~ : - male 13 3.24
- female 24 3.02
vegetarians who eat no animal flesh
- male 16 2.21
- female 36 1.87
vegetarians who eat no animal products (vegans)
- male 18
- female 20
3monthsold | 1982312 Asian children aged 0-24 months 54 115
(Indian and Pakistani)
Smonthsold = 52 123
9monthsold =~ 47 9.3
12monthsold = 00 49 124
24 months old 47 5.9
Pregnantwomen | 1977-80 | All Asian pregnant women 813 141
; . . 309
Hindu vegetarian pregnant women 450 1.04
Hindu non-vegetarian pregnant women 225 1.65
Muslim non- vegetarian pregnant women 138 1.95

10.9 Vitamin D intakes assessed using DRVs

10.9.1 Children aged 0-3 years Dietary vitamin D intake data from national
surveys are shown in Table 10.4. The range of intakes is wide; mean intakes,
which include supplements, are below the RNI at all ages except late infancy.
Particular groups in the population are more vulnerable to deficiency (para 6.2.14)
and educational programmes have, for many years, advised health professionals
about how to identify infants and children under 5 years who might particularly
benefit from vitamin D supplements. It is not known whether the children with
high intakes in the survey were from groups that were most vulnerable but there
is anecdotal evidence of successful targeting. The results from recent surveys
suggest that more Asian preschool children are being advised to take vitamin
supplements (including vitamin D) than white children (Table 10.5).

10.9.2  Children, adolescents and adults There are no DRVs for vitamin D for
ages 4-64 years on the basis that the requirements are met from skin synthesis.
There is a limited contribution from the diet with a mean of 1-2 ug daily in school
children, which rises to daily mean intakes of 2-4 pg in adult groups (Table 10.4).
These data are taken from surveys in the 1980s. There will be more up-to-date
information when the results of current surveys of this population group are
published. These data should be reviewed as soon as they are available.
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10.9.3  Vulnerable groups who may not achieve a satisfactory status are advised
to take daily supplements of 10 pg vitamin D. These include those who do not
expose their skin to sunlight for a variety of reasons (para 6.2.9) and some ethnic
minority groups especially if they have pigmented skin and choose diets which
exclude meat and fish. There are no data about the vitamin D intakes of these
vulnerable groups such as women who conceal themselves at all times when out
of doors. This lifestyle has been associated with an inadequate vitamin D status in
other countries. Pregnant women are also recognised as vulnerable because they
need to provide vitamin D for the fetus, as are lactating women who need to
replenish their own stores of vitamin D. There are limited data about the intakes
of vitamin D during pregnancy which suggest they do not differ from the intakes
of non-pregnant women and therefore do not meet the RNIL.

10.9.4  Older adults In spite of this increasing vulnerability, mean total vitamin
D intakes, whether from food or from dietary supplements did not exceed 5 pg/day
and the levels of intake fell with age.

In conclusion:

Children aged 0-3 years, pregnant and lactating women, and people aged 65
years or older, all of whom are vulnerable to vitamin D deficiency, had mean
dietary intakes which were low. The contribution from supplements, except
in infants and young children appears to be minimal, and was lowest of all in
groups of old people in institutions (conclusion 10.1.1).

10.10  Nutritional status assessed from plasma 25(OH)vitamin D

10.10.1 Preschool children  The National Diet and Nutrition Survey of children
aged 1%-4% years measured plasma 25(OH)vitamin D levels (Table 10.8)?%”. Group
mean levels were around 65-70nmol/l, and individual levels for almost all children
were above 25nmol/l, the value chosen to denote adequate vitamin D status although
two out of a total of 737 children had levels of 15nmol/l (6 pg/l). The seasonal
variation in levels of 25(OH)vitamin D in the plasma was confirmed (Fig 10.4).

10.10.2 Two year olds from Asian families in the UK A nationally representative
sample of preschool children includes only few children from the ethnic minority
groups. Thus, unless the survey is very large, there would be too few children
from these groups for separate analysis of results. For this reason, and because 2
year olds from Asian families are thought to be vulnerable, a separate survey was
done in 1996. Table 10.8 shows the mean plasma 25(OH)vitamin D levels for 2
year old children born in this country to families originally from Pakistan, India
and Bangladesh. All the blood samples from the Asian 2 year olds were taken in
November which is a time when stores should still have been available if the
young child is to survive the winter without becoming deficient. It is therefore a
matter of concern that 34 per cent of Pakistani, 25 per cent of Indian and 20 per
cent of Bangladeshi young children had values below 25nmol/l (10 pg/1)3'3.
Dietary factors which were particularly associated with low 25(OH)vitamin D
status were not being given vitamin supplements, evidence of iron deficiency with
low haemoglobin and low ferritin, and consumption of chapati. Other factors
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Figure 10.4 Mean plasma 25-hydroxyvitamin D levels (nmol/l) in children
aged 1% to 4/ years, people aged 65 years and over, by season
(representative British population)
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which showed a trend, but not of statistical significance, were giving cows’ milk
at or before 9 months of age and high intake of cows’ milk at 2 years.

The vitamin D status, assessed from plasma 25(OH)vitamin D, of the
majority population of children under 4 years appears to be satisfactory
(para 10.9.1). Some minority groups of children remain at risk due to factors
associated with lifestyle. The current programme of vitamin D
supplementation for this section of the population should continue.
Educational programmes to reinforce this policy appear to be needed
(conclusion 10.1.2).

10.10.3 School children and younger adults  There is no information about the
25(0OH)vitamin D levels of the nationally representative population of school
children and adults up to age 64 years in the UK. These data have been included
in national surveys which are now being conducted (Annex 3). More information
is urgently needed about vulnerable minority groups in the population (para
10:9:3).
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Table 10.8 Plasma 25(OH)vitamin D levels in British children aged 1/4-4/
years®%” and in two year olds in England in families originally from
Bangladesh, India and Pakistan3!®

Population group Date of | Number| Mean plasma Percentage of group with 25(0H) vitamin D below:
and age fieldwork |in 25(0H) vitamin D,

group | nmol/l (one sd) 12.5 20 25 50 75

[pg/, (one sd)] nmol/1 | nmol/ nmol/1 nmol/1 nmol/
% % % % %
British population 1992/3* | 213 67.4(21.8) [27.0(8.7)] 0 1 1 17 64
11/, - 21/, years
British population 1992/3* |274 66.6.(21.6)[26.6(8.6)] 0 1 1 23 62
21, -3,
British population 1992/3* [120(M)| 70.1(19.4)[28.0(78)] 0 0 0 12 58
31/,- 41/, 130(F) | 70.3(21.6)[28.1(8.6)] 0 0 0 22 58
Bangladeshi origin November | 139 42.1(21.3)[16.8(8.5)] 0 13 20 69 91
2 years 1996
Indian origin November | 279 42.2(22.5)[16.9(9)] 0 13 25 70 89
2 years 1996
Pakistani origin November | 200 36.2(19.6)[14.5(7.8)] 0 18 34 81 95
2 years 1996
Notes: * Fieldwork evenly spread across 12 months
M = male
F = female

sd = standard deviation

10.10.4 Pregnant and lactating women  There are no national data about the
vitamin D status of pregnant or lactating women in the UK. In Cardiff, 32 Asian
and 63 Caucasian women in early pregnancy had blood sampled for plasma PTH.
Of 12 Asians with raised PTH concentrations all those measured (9) had very low
plasma 25(OH)vitamin D, in two cases the values were below 2.5nmol/I(1.0 pug/l).
None of the Caucasian women had low plasma 25(OH)vitamin D'4.

In conclusion:

There is no information about the vitamin D status, as assessed from
25(OH)vitamin D plasma levels of the UK population aged 4-64 years, nor of
pregnant or lactating women. This will need to be reviewed urgently as the
results of surveys now commissioned become available (conclusion 10.1.3).

10.10.5 Older adults The plasma 25(OH)vitamin D levels in people older than
65 years has been assessed in a large British study which spanned a 12 month
period?®8. The participants were grouped according to whether they lived in an
institution or not (see Table 10.9). The mean plasma 25(OH)vitamin D level
declined with increasing age especially in the over 85s. Women tended to have
lower levels than men, and the levels for both sexes were substantially lower
where people were resident in institutions (Fig 10.4). The proportions of the
groups with plasma 25(OH)vitamin D levels below arbitrary cut-off levels also
reflects these trends. Seasonal differences between summer and winter were
recorded for all groups except the group of elderly institutionalised people who
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had the same vitamin D status in summer as in winter which, in a proportion of
the group, was inadequate. This lack of boost to vitamin D status from summer
sunshine suggests that these individuals relied entirely on diet for their intakes. A
significant proportion of the very elderly population not living in institutions had
plasma 25(OH)vitamin D concentrations below 25nmol/l, and the proportion was
higher in those living in institutions where 37 per cent of residents had an
inadequate status judged by this criterion.

Table 10.9 Plasma levels of 25(OH)vitamin D in British adults aged 65+
years?88

Age group & study| Year* of | Sex |Number| Mean plasma ~ Percentage of group with 25(0H)
L fieldwork| in | 25(OH)vitamin D, . vitamin D below: :
group | nmol/l, (one sd) -
[ug/I(one sd)] 10 15 20 | 25 30 40 | 60

nmol/l | nmol/l | nmol/l | nmol/l | nmol/l | nmol/l | nmol/l

% % % % % % %

65-74 years 1994/5 | Male | 212 63.7(30.0) [25.5(12.0)] 0 1 3 5 10 17 51
in institution Female| 186 54.6(25.1) [21.8(10.0)] 0 0 4 6 16 37 64

1994/5 |Male |196 |54.7(24.9) [21.9099)]] 2 | 3 3 5 1| 33 | 64
Female| 155 | 49.7(24.0) [19.99.6)]| 1 5 7| 15 | 24 | 39 | 67

y 1994/5 | Male |68 46.7(23.1) [18.7(9.2)] 0 3 9 13 22 46 78
“not in institution Female| 110 41.5(21.5) [16.6(8.6)] 2 4 15 25 31 55 84
65 - 84 years 1994/5 | Male |84 33.6(15.3) [13.4(6.1)] 2 5 17 36 51 69 94

living in institution | 1994/5 | Female| 58 34.1(17.0) [13.6(6.8)] 0 4 18 38 47 75 89

85 + years 1994/5 |Male |54  |340(17.8)[136(7.1)]| 2 | 11 | 22 | 42 | 53 | 68 | 0
living in institution | 1994/5 | Female| 62 |30.8(13.5) [123(5.4))| 2 | 5 | 19 | 36 | 53 | 8 | 94

Notes: *Fieldwork evenly spread across 12 months
sd = standard deviation

10.10.6 The seasonal effect on vitamin D status is shown in Figure 10.4. The
available information from published papers about the seasonal variation in
plasma 25(OH)vitamin D levels in the UK has been collated in Table 10.10.
While one study is not necessarily directly comparable with another because of
assay modifications over 25 years, the within study comparisons confirm the
declining status with age. For older people living in institutions there is evidence
of vitamin D insufficiency in a significant proportion. Further, there is no boost
in vitamin D status in the summer months which is compatible with being
housebound. This lack of a seasonal variation in this group is demonstrated also
in Figure 10.4.

10.10.7 Elderly people are at considerable risk of vitamin D insufficiency which
may lead to secondary hyperparathyroidism and bone loss especially during the
winter. A proportion of people who are housebound or who live in institutions
appear to be deficient in vitamin D throughout the whole year. Even when
satisfactory vitamin D status is achieved for the summer months, there is a risk
that bone loss incurred during the previous winter will not be regained in full
leading to an incremental deterioration in bone health.
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In conclusion:

The vitamin D status of a significant minority of older people is low
particularly among those living in institutions. This nutritional deficiency is
unsatisfactory for general health. It may also contribute to increasing the
risk of fractures but further data from long term intervention trials are
needed (conclusion 10.1.4).

Table 10.10 Seasonal variations in plasma 25(OH)vitamin D levels in the UK
in healthy white populations (collated studies reported in past 25 years)

Age and circumstance Sex Number in Season Mean plasma 25(0H)vitamin D
group (nmol/1)
11/, - 41/, years287 M+F 168 July - Sept 80.1(sd 19.8)
194 Jan - March 51.0(sd 16.0)
41/, - 6/,years316 M+F 110 Aug 53.0(sd 21.2)
Feb 27.8(sd 11.1)
12 - 17 years'e4 M 59 Sept - Oct 56.5(33.5-94.7 95% ci)
14 - 17 years164 F 15 Jan 32.3(18.0-58.0 95% ci)
18 - 37 years164 M+F /iy Oct - Nov 53.3(27.0-104.4 95% ci)
18 - 37 years184 M+F 19 March 32.3(16.5-63.0 95% ci)
24 - 45 years'65 M+F 1" Sept 90.5 (sd 23.0)
March 66.7(sd 17.7)
65 - 74 years!5s M+F 96* Sept - Oct 35.4(sd 11.5)
healthy volunteers March - April 22.7(sd 10.8)
65 + years28é M+F 215 July - Sept 64.8(sd 27.6)
not in institution 194 Jan - March 45.0(sd 22.9)
65 + years 288 M +F 54 July - Sept 35.4(sd 18.2)
living in institution 52 Jan - March 28.1(sd 14.6)
72 - 86 years!66 M+F 19* July - Aug 25.3(2.2 se of mean)
healthy living at home 23* Dec - Feb 8.8(1.1 se of mean)
70 - 88 years healthy 317 M+F 36* Sept 35.3(sd 12.25)
Dec - Jan 21.5(sd 7.7)
68 - 82 years318 M +F 10* Sept 5.5(2.9-10.5 95% ci)
attending day hospital March 7 (3.1-15.8 95% ci)
living in institution n* Sept 5.8 (3.2-10.7 95% ci)
March 6.6 (3.5-12.4 95% ci)

Notes: *Longitudinal study(other studies measured individuals once only)
sd = standard-deviation
ci = confidence intervals
se = standard error
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11. Conclusions and recommendations

We recommend that:

1. 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 to 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*.

1151 The UK diet and bone health

11.1.1 ~ The DRVs for calcium (para 5.3) It is important to be aware of the
limitations inherent in setting DRVs for calcium. The factorial approach, which
involves a theoretical calculation of the requirements for calcium for growth and
maintenance, needs to take into account the uncertainties of dietary bioefficacy.
There are no intermediate markers of nutritional status for calcium: plasma ionised
calcium is highly conserved, and other blood or urine markers have not been
validated. In reviewing the DRVSs for calcium, the Subgroup could find no evidence
to support a change in the method of calculating DRVs from that used in 19917,
Using markers of bone status, as indicators of calcium nutritional status, such as that
adopted by the USA NIH Consensus Panel'5, was rejected because of absence of
evidence relating habitual calcium intake to bone outcomes. In reviewing the
calcium DRV set for the UK in 1991 for population age/gender groups, none of the
scientific data were persuasive in leading to suggestions for changes. Only the
increment for lactation has been difficult to justify and, if further data are supportive,
a reduction in this value might be appropriate in the future. Particular attention was
addressed to the RNI for postmenopausal women. The data do not show evidence of
long term benefits to the health of this population group as a whole from dietary
intakes above those of the UK RNI, although in cases of established osteoporosis,
supplemental calcium might have a role as one part of a therapeutic strategy.

We recommend that:

2. There is insufficient evidence to recommend a change in the existing UK
Dietary Reference Values for calcium. Recent data do not support the
increment for lactation which might not be necessary.

11.1.2  The DRV for vitamin D (para 6.3) For the majority of the population,
the diet does not contribute the major portion of metabolically available vitamin
D and, as a result, establishing an RNI for vitamin D presents uncertainties. In
some countries, for instance, Australia, no DRVs for vitamin D are set. In the
United Kingdom, where opportunities for skin synthesis are limited by the

91



northerly latitude and other risk factors are common, the contribution from the diet
and from supplements can be relatively important particularly in vulnerable
subgroups of the population. Plasma 25(OH)vitamin D and plasma PTH levels,
provide intermediate markers as indicators of vitamin D status. The 1991 DRVs
for vitamin D for infants, pregnant and lactating mothers and people over 65 years
were confirmed. If the recommendations designed to reduce the risk of skin
cancer so constrain the opportunities for skin synthesis of vitamin D that the risk
of deficiency becomes general, the DRVs may need to be reviewed especially in
groups where there is now no RNI.

We recommend that:

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

11.2 The nutritional adequacy for calcium and vitamin D of the UK
population

11.2.1  Calcium dietary intakes (para 9.3, 9.4)  Nutritional adequacy for calcium
is best assessed as habitual intake relative to the DRV for the UK. On this basis the
majority of each population group appears to have an adequate calcium intake
although the data are limited. Up-to-date representative data about school children
will be available in 1999 and about adults aged 19-64 years in 2002. The available
information suggests that 10-15 per cent of adolescents, younger women and women
over 75 years not in institutions are consuming diets which provide calcium intakes
which do not meet LRNI levels and therefore their intakes at this low level may not
be adequate for optimal bone health in this country. For men not living in institutions
aged 65 years or over, about 5 per cent recorded calcium intakes below the LRNI.

11.2.2  Vitamin D dietary intakes (para 10.3, 10.4)  Assessing dietary intakes of
vitamin D against the RNT is only relevant for a limited number of population groups,
(under 4 year olds, 65 year olds and older, and pregnant and lactating women)
because no RNI is set for all other ages. In all groups except infants aged 6-9 months
the average intakes (including those from supplements) were well below the RNI
values. This does not necessarily imply that the nutritional status for vitamin D was
unsatisfactory provided there was an opportunity for skin synthesis of vitamin D from
moderate exposure to sunlight. It was recognised that although there are no vitamin
D dietary values for most children and adults under 65 years, within this group a
small minority with particular risk factors for vitamin D deficiency continue to rely
significantly on an oral intake which is more reliably obtained from supplements.
There are no reports to suggest that this vulnerable group is being identified or
advised appropriately about the importance of preventing vitamin D deficiency. Itis
important that the general public and those responsible for developing public health
policies, should be better informed about the difficulties of maintaining an adequate
vitamin D status at UK latitudes, how to identify risk factors, and when to advise
vitamin D supplements. Community based campaigns of education and promotion
may be indicated such as the “Stop Rickets” campaign in the 1980s. Further
consideration should be given to developing a national policy on exposure to sunlight
to take account of the benefit of self-synthesis of vitamin D and the adverse effect on
skin in regard to the risk of skin cancer.
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11.2.3  Vitamin D nutritional status (para 10.2)  The vulnerable groups for
vitamin D deficiency are those who, for one reason or another, are thought
unlikely to synthesise sufficient vitamin D in their skin to meet their needs and in
whom dietary intake is therefore critical. Population data to assess vitamin D
status from plasma 25(OH)vitamin D levels are scarce and data using plasma PTH
levels, more so. The limited number of studies has tended to focus on high risk
groups and there is no evidence about other groups. The Subgroup found
evidence of marginal or low vitamin D status in a significant minority of people
of various ages, not only amongst the accepted vulnerable groups. Deficiency of
vitamin D which leads to clinical rickets and osteomalacia still occurs sporadically
as does the possibility of marginal vitamin D status. These findings endorse the
importance of achieving the RNI for the vulnerable groups in the population, if
necessary through supplementation.

We recommend that:

4. 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.

11.3 Ensuring adequate calcium and vitamin D status for bone health

11.3.1 Dietary means  The best way of ensuring that nutritional status for
calcium and for vitamin D are adequate for bone health is to integrate these
requirements in the patterns for healthy living and eating set out in Eight
Guidelines for a Healthy Diet?>® and the Balance of Good Health3'?. Calcium
intakes for the majority of the population should not fall below those currently
being recorded and intakes should increase for those with the lowest intakes. The
household foods which contribute calcium to the British diet are shown in Table
9.1. Annex 4 (Table A4.1) lists the calcium content of portion sizes of some foods.
While calcium intakes have declined by some 15 per cent in the past 25 years, the
proportionate contributions from different foods remain similar. Thus, milk and
milk products have consistently contributed some 60 per cent, and cereals about
25 per cent, while other food groups make a more limited contribution. Healthy
eating policies promote increased bread consumption which favours an increase in
calcium intakes provided fortification is retained (see below). Skimmed or semi-
skimmed milk, which has the same calcium content as whole milk, is preferred so
as not to increase the intake of fat, and it is encouraging to see the comparative
increase in this market segment. The vitamin D intake from household foods
purchased in Britain comes mainly from fortified foods, particularly margarine
and spreading fats, and breakfast cereals (Table 10.1). Oily fish, (but not white
fish) (Table 10.3) and meat, which are the major foods naturally rich in vitamin D,
together make a contribution of something over 25 per cent. Oily fish have
particularly been endorsed as contributing to a diet to promote cardiovascular
health. Meat at moderate intakes makes an important contribution of several
nutrients. The calcium and vitamin D content in portions of some foods are listed
in Annex 4 (Table A4.2).
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11.3.2  Food fortification ~Calcium added compulsorily to flour contributes 12-14
per cent of the total intake and without this proportion, the intakes of many more
individuals would fall below DRVs. Calcium fortification of bread should therefore
be retained. Bread is a major component in the diets of children and older people;
both are groups where it is important to ensure that calcium intakes do not fall below
current levels. Although the bread consumption of younger adults is less than
formerly, it remains an important dietary component, and there is no alternative food
that might have a wider uptake than bread. Continued compulsory fortification of
margarine with vitamin D and the voluntary fortification of other fat spreads and of
breakfast cereals with vitamin D should be continued.

11.3.3  Dietary supplements Calcium supplements have no demonstrable role
in public health policies to improve bone health, although they may be useful
therapeutically. Vitamin D supplementation is the only realistic means of
achieving the RNI values for most people who rely on a dietary source as their
major safeguard for achieving an adequate vitamin D status. There needs to be an
increase in the low rates of vitamin D supplement taking in the at risk groups,
especially during the winter months. Some groups, especially those from Asian
communities or older people especially those who are housebound or who seldom
go out of doors??”, need supplements all year round.

‘We recommend that:

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

We recommend that:

6. The present policy of fortifying flour with calcium should continue.

We recommend that:

7. 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 D deficiency. The
most vulnerable groups include:

« infants, young children and pregnant women from Asian families as well as
young 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.

We recommend that:

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

11.4 Maintaining a healthy bodyweight

Being underweight is undesirable at any age and osteoporosis is more likely if
individuals are of low body weight, although osteoporosis also occurs, but less
commonly, in people who are overweight. A diet which is inadequate in energy
is often also deficient in nutrients. Ensuring that a well balanced adequate diet is
consumed is important in helping to maintain bone health.

We recommend that:

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

11.5 Physical activity

Physical activity is an important lifestyle factor which should be included in
public health policies to promote improved health. In this country physical
activity levels have probably declined over several years in all sections of the
population®?!.  Weight bearing physical activity in children and younger adults
helps to ensure optimal peak bone mass (although prolonged and strenuous
activity seen with professional dancing or repeated strenuous jogging sometimes
has the opposite effect). It is probable that physical activity levels distinguish
populations at high risk of fracture in the Western developed world from those at
low risk of fracture in developing countries. At older ages even the most frail can
benefit from a more active life provided the activity is appropriate to the
individual. Although the types of physical activity appropriate for old people may
not be vigorous enough to give demonstrable changes in bone mass, they improve
muscle tone and reduce the risk of falls as well as helping to maintain
cardiovascular health.

We recommend that:

10. A lifestyle which includes regular physical activity, particularly that
which is weight bearing, should be encouraged at all ages, and a sedentary
lifestyle discouraged.
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Table A1.1 Dietary Reference Values for calcium for populations groups in different countries (mg/d)

| euPRe FrenchANC® |  NordicNR* | USARDAS | Canadian AN AusUNZRDE
525 nvs 400 360 400 breastfed 250 210 breast fed 300
formula fed 375 formula fed 500
525 400 600 540 600 400 (5-12m) 270 550
350 400 600 600 800 500 (1y) 500 700
550 (2-3y)
450 400 700 600 800 600 800 800
550 550 700 (7-9y) 700 800 700 (7-9y) 800 (7-8y) 900F, 800M
1300 (9-10y) (8-11y)
1000 1000 1000 (10-12y) 900 1200 900 (10-12y) 1300 1200 (12-15y)
1200(13-14y) 1100 (13-15y)
800 800 1000(10-12y) 900 1200 1100 (10-12y) 1300 1000 (12-15y)
1200(13-14 y) 1000 (13-15y)
1000 1000 1200 900 1200 900 (16-18y) 1300 1000 (16-18y)
800 800 1200 900 1200 700 (16-18y) 1300 800 (16-18y)
. i 1200 (<24y

700 700 900-1200 800-900 800 (<25+y 800M, 700F 1000 800

700 700 1200 800 800 800 1200 1000F (54+y), 800M
no extra no extra 1200 900 1200 +500 +300 +300

(18y and below only)|(18y and below only)
+550 1200 1200 1200 1200 +500 +300 +400
(18y and below only)|(18y and below only)

Notes: nvs = no value set
m = months
y = years

F = females / M = males

RNI (UK) = Reference Nutrient Intake
EU PRI = European Union Population Reference Intake

ANC = Apport Nutritionnel Conseillé
NR = Nutrition Recommendations
RDA = Recommended Dietary Allowance

RNI (Canada) = Recommended Nutrient Intake
Al = Adequate Intake

RDI = Recommended Dietary Intake
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Table A1.2 Dietary Reference Values for vitamin D for populations groups in different countries (ug/d)

| CanadianRNIS | USA/Canadian A7
75 102> 5
7 0-10 10 5 10 1052% 5
7 0-10 10 5 10 10 (1-2y) 5
5 (3y)
0* 0-10 10 5 10 5 5
0 0-10 10 (7-9y) 5 10 25 5
0 0-10 10-15 (1-12y) 5 10 2.5 (10-12y) 5
10 (13-14y) 5 (13-14y)
0* 0-10 10-15 (10-12y) 5 10 5 (10-14y) 5
10 (13-14y)
0* 0-10 10 5 10 5 5
0* 0-10 10 5 10 5 (15y) 5
2.5 (16-18y)
0* 0-10 10 5 5-10 25 5
10** 0-10 12 10 5 5 10 (51-70y)
15 (> 70y)
10 0-10 20 10 10 25 5
10 0-10 15 10 10 25 5

Notes:

* certain at-risk individuals may require dietary vitamin D

** for the population aged 65+ years only

*** An additional intake of 10pg/day is recommended for infants who are living in the far
north of Canada during winter

m = months

y = years

F = females / M = males

RNI (UK) = Reference Nutrient Intake

EU PRI = European Union Population Reference Intake

Note:

ANC = Apport Nutritionnel Conseillé

NR = Nutrition Recommendations

RDA = Recommended Dietary Allowance

RNI (Canadian) = Reference Nutrient Intake

Al = Adequate Intake

New Zealand recommendations for vitamin D are not included as no reference value is set
for dietary vitamin D. Australia recommend that those who are housebound could benefit
from an oral intake of 10ug vitamin D/day if they are not exposed for 1-2 hours per week to
direct sunlight in summer.
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Annex 2

Dietary Reference Values for Food Energy and Nutrients for the United
Kingdom'

Paragraphs from the above report from COMA have been reproduced below to
clarify the interpretation of Dietary Reference Values. See para 4.2.2 in this report.

1.3.11  For most nutrients the Panel found insufficient data to establish any of these
DRVs with great confidence. There are inherent errors in some of the data, for
instance in individuals’ reports of their food intake, and the day-to-day variation in
nutrient intakes also complicates interpretation. Even given complete accuracy of a
dietary record, its relation to habitual intake remains uncertain, however long the
recording period. The food composition tables normally used to determine nutrient
intake from dietary records contain a number of assumptions and imperfections.
Furthermore, there is uncertainty about the relevance -of many biological markers,
such as serum concentrations of a nutrient, as evidence of an individual’s ‘status’ for
that nutrient. Thus uncertainties relating to the appropriate parameter by which to
assess the requirement, to the completeness of the database for any nutrient, and to
the precision and accuracy of dietary intake data lead to the need to make
Jjudgements.

1.3.12  Equally, when nutrient intakes are measured there is demonstrable inter-
individual variation, which is not necessarily related to the variation in requirements.
Figure 1.2 demonstrates a distribution of intakes identical to the distribution of
requirements but where any individual’s intake is not necessarily the same as his own
requirement. An individual whose intake is at point a - the LRNI - may be meeting
his requirements for a nutrient, but it is highly probable that he is not. Similarly it is
Jjust possible, but very improbable, that an individual consuming a nutrient at point ¢
- the RNI - will be consuming insufficient amounts of that nutrient. Whatever
parameter is used the risk of deficiency in an individual at a given intake will vary
from virtually zero at point ¢ to virtually 100 per cent at point a. It should be
recognised that the time course of the relationship between intake and status varies
between different nutrients. For instance daily energy intakes should approximate
requirements while assessment of intakes of some micronutrients needs to be
integrated over days, weeks, or even longer. Furthermore not only may nutrients
have effects on health at the time they are eaten, but there is growing evidence that
diet may be one of the factors in early, even intrauterine, life which has an influence
on later health in adult life.

1.3.13  If the distribution of intakes in a group of individuals is identical to that of

their requirements for a nutrient it is probable that some with lower intakes will have
higher requirements and vice versa. If there is no correlation between intakes and
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requirements in a group, then an average intake equal to the EAR carries a substantial
risk of deficiency in the group represented by the upper dotted line depicting risk
(Figure). In order to avoid this risk completely, the distribution of intakes of the group
would have to be such that the lowest intakes exceeded the highest requirements. If,
as is likely, there is some correlation between 'intakes and requirements, then the
higher that correlation the lower the risk. In fact, there may be relationships between
intake and requirements on the basis of body size, which in part determines energy
requirements and therefore energy (and food) intakes. The degree to which this occurs
is not known. The lower dotted line in Figure 1.2 represents the Panel’s assessment of
the actual risk of deficiency in a group, taking account of this. Furthermore, apparent
requirements of individuals at prevailing intake levels may not represent basal
requirements. If intake by an individual falls below the usual intake, there may be
adaptive mechanisms which reduce the risk of deficiency but which may not be fully
effective until a period of time has elapsed. This effect varies between different
nutrients.
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Annex 3

Monitoring dietary intakes and/or nutritional status in the UK

1. National Food Survey (NFS)!

This survey, commissioned by the Ministry of Agriculture, Fisheries and Food is
an enquiry into the amounts and costs of food obtained by private households in
Britain and of its nutrient content. The survey began in 1940 and since 1996 also
covers Northern Ireland. About 8000 households, selected to be nationally
representative, take part in this survey each year. The householder keeps a seven
day record of the description, quantity and cost of all food entering the home for
human consumption. Information on confectionery, alcoholic and soft drinks
brought home and all food and drink purchased and eaten outside of the home has
been collected since 1992. The NFS provides information on long term trends in
national food consumption and nutrient intakes and variations in intake by groups
of the population. It cannot, however, provide information about the food
consumption and nutrient intake of individuals within a population.

2. The Food and Nutrient Intakes of British Infants aged 6 - 12 months?

This study was commissioned by MAFF to ascertain the food and nutrient intakes
of older infants in Britain and to determine differences by region, socio-economic
groups and presence of other children in the family. Dietary information was
collected by means of a seven day record in which all food and drink items were
specified by common household measures and recorded in a diary, followed by
an interview with a parent. In total, 258 from the 6-9 month age group and 230
from the 9-12 month age group participated in the study. Fieldwork was in
November 1986.

3. Children aged 6 months to 4% years in Britain - 1967/68%

In 1967 the Department of Health and Social Security studied 1,321 infants and
young children in Britain who were selected to be nationally representative.
Demographic information about this group as well as 7 day weighed food intake
record and anthropometric measurements were collected. Some of the children
had medical and dental examinations.

4. National Diet and Nutrition Survey: Children Aged 1) to 4% years*

This survey, commissioned by the Department of Health and MAFF was carried
out between July 1992 and June 1993. It provided detailed information about diet
and nutritional status for preschool children living in private households in
Britain. A nationally representative sample of 1859 children aged 15-4’% years
participated in the survey and only one child per household was selected. The
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survey collected information about socio-demographic circumstances of the
child’s household, medication and eating and drinking habits; a weighed dietary
record of all food and drink consumed over four consecutive days (including
Saturday and Sunday); a record of bowel movements for the same four days;
physical measurements of the child (weight, standing height, supine length for
children under two years, mid-upper arm and head circumferences). A sample of
blood was taken for analysis. The survey also included an oral health
examination.

5. Vitamin D status of Children aged 2 years in Asian Families Living in
England®

The Department of Health commissioned a survey of the early feeding practices in
Asian families in England. 2275 newborn Asian (Indian, Pakistani and Bangladeshi)
infants born in autumn 1994 were included in the survey and compared with a group
of 619 white infants born in the same localities. Information about how the babies
were being fed was collected at age 6 weeks, 4, 9 and 15 months. At age 2 years the
Asian children who could be traced, were asked to give a sample of blood for analysis
of vitamin D and markers of iron status.

6. The Diets of British Schoolchildren®

This survey was undertaken between January and June 1983 to evaluate the
dietary habits of older schoolchildren and the contribution made by school meals.
Anthropometric measures (height and weight) and seven day weighed food
records were collected. The data collected from 898 boys aged 10-11 years, 805
girls aged 10-11 years, 509 boys aged 14-15 years and 452 girls aged 14-15 years
throughout Britain were analysed by age group, gender, region and socio-
economic variables.

7. Survey of Dietary Habits of 15 to 25 year olds in Britain’

This study took place in March to June of 1982, and collected nationally
representative data from 452 men and 461 women aged 15-25 years. Two week
dietary diaries were used to record quantitative information (using household
measures and standard portion size) about all food and drink consumed.
Anthropometric (self-reported height and weight), lifestyle and socio-economic
data were also collected.

8. Dietary and Nutritional Survey of British Adults®

This survey, commissioned jointly between the Department of Health and MAFF,
collected dietary and nutritional status information on 2197 adults living in private
households in Britain. It was carried out between October 1986 and August 1987.
The participants, who were representative of the British population aged between
16 and 64 years (excluding pregnant women), kept a weighed food record of all
food and drink consumed over seven consecutive days. Height, weight and blood
pressure were determined and blood and urine (24 hour) samples were taken for
analysis. Details of lifestyle characteristics (e.g. smoking, slimming, dietary
supplement use) and socio-economic factors were also collected.
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9. Nutrition and Health in Old Age’

This study, commissioned by the Department of Health and Social Security, in
conjunction with the Scottish Home and Health Department, was first conducted
in 1967/68 (on 879 subjects aged over 65 years), then much of the same sample
population (379 subjects) were re-surveyed in 1972/73. Socio-economic, dietary
(weighed seven day food and drink records), medical (to assess clinical signs of
malnutrition), anthropometric (height, weight, upper arm circumference, and four
skin fold measurements), biochemical and haematological (to assess sub-clinical
signs of malnutrition from a range of nutrients, not including vitamin D) and
radiological (x-ray of metacarpal bones for clinical assessment) information was
obtained for each subject.

10. The National Diet and Nutrition Survey: people aged 65 years and
over!?

This survey, commissioned by the Department of Health and MAFF, was carried
out between October 1994 and September 1995. It provided detailed information
about the diet and nutritional status of 1687 people aged 65 years and older (1275
were free-living and 412 were living in institutions) in Britain. The participants
were chosen to be nationally representative of Britain and kept a weighed record
of all food and drink consumed over 4 consecutive days. This methodology was
modified for the institutional group, and for a few free-living people who could
not manage the weighing. Socio-economic, demographic and lifestyle
characteristics were recorded. Anthropometric measurements of height, weight,
mid-upper arm, waist and hip circumferences were taken as well as blood
pressure, hand grip strength and a bowel movement record. Blood and urine
samples were taken for analysis. The survey also included an oral health
examination.

12 The National Diet and Nutrition Survey: young people aged 4-18 years

The fieldwork for this survey, commissioned by the Department of Health and
MAFF, was conducted between January 1997 and January 1998. It will provide
detailed information about the diet and nutritional status of young people aged 4-
18 years in private households in Britain. The participants were chosen to be
nationally representative of Britain and kept a record of all food and drink
consumed over 7 consecutive days. Socio-economic, demographic and physical
activity characteristics were recorded. Anthropometric measurements of height,
weight, mid-upper arm circumference, waist and hip circumferences were taken
as well as blood pressure and a bowel movement record. Blood and spot urine
samples were taken for analysis. The survey also included an oral health
examination. A report of the survey is expected to be published in 1999.
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Annex 4

Table A4.1 The calcium content of some foods and dishes (mg)

200g (1 glass)
200g (1 glass)

40g (medium chunk) 290 720
112g (plain, small pot 80 75
125g (1 pot) 190 150
36 (1 slice) 40 110
369 (1 slice) 35 100
369 (1 slice) 20 55
135¢ 70 55
859 35 40
95g 30 35
509 30 55
30g (1 portion) 15 50
200g 190
200g 360
200g 240
120g 80
509 sardines 255

& 1 slice of white bread

30g cereal 120
& 100g milk 125
14g soft margarine, 405
45g cheese & 2 slices of bread 365
14g soft margarine, 115
509 cottage cheese 75

& 2 slices of bread

*Fortified with calcium
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Table A4.2 The vitamin D content of some foods and dishes (pg)

| Description of average portion
(where needed)

1509 (1 medium)

459

50g

45¢

509

90g (1 slice)

90g (1 slice)

100g (1 slice)
100g

10g

79

7g

40g (medium chunk)
30g (1 portion)

50g sardines and 4.0

- with soft marganne 7g on toast 1 slice of bread 45

‘Tuna mayonnalse sandwmh 14g soft margarine,

i 45¢ tuna, 3.0
33g mayonnaise & 2 slices of bread 3.8
30g cereal
100g milk

w:th whole milk ot 0.7

- thh sem|-sklmmed/sk|mmed mllk g 0.6

*Fortified with vitamin D
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