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life style, nutrition, reproductive history and health status in men and
women of 3 age groups, mainly nurses and to make recommendations, if
appropriate, to improve bone mass or reduce the rate of bone loss.

172 male and female volunteers were placed in respective groups
aged 11-20, 20-40, over 40 years old and all the pregnant subjects in one
group. Early morning urine was analysed for calcium and magnesium by
flame spectrophotometry, phosphate, hydroxyproline and creatinine by
spectrophotometry, boron by inductive coupled plasma
spectrophotometry and cortisol, adrenaline, dopamine and serotonin by
high performance liquid chromatography. Information about each
subject's life style, nutrition and health was obtained using a
questionnaire. Data were processed and analysed using excel and minitab
packages and only significance level at P<0.05 or less was accepted
using ANOVA, t-test and Pearson's correlation coefficient .

There were positive trends between urinary levels of boron and
calcium and significant correlation (P<0.05) between boron and
phosphate in all the male subjects particularly in M20-40, suggesting that
these subjects would be more prone to bone loss. In addition, the levels of
boron were significantly higher (P<0.05) in post-menopausal compared to
pre-menopausal subjects, in F<20 low alcohol drinkers compared to
M<20, during stress in M20-40 compared to F20-40, in F>40 with the
history of osteoporosis compared to those in M>40 as well as in F20-40
heavy smokers compared to those in M20-40 and in subjects taking the
contraceptive pill. Age, exercise, hysterectomy, HRT, vegetables
consumption and vitamin supplements did not significantly influence
urinary boron levels. Heavy alcohol consumption, greater stress, heavy
smoking and family history of osteoporosis increase urinary boron levels
and this might enhance bone damage, particularly in post-menopausal

subjects.



Urinary cortisol, adrenaline and dopamine levels were raised
(P<0.05) in F>40 and M>40 and correlated with an increased calcium
excretion which suggest that the increased catecholamine levels in these
subjects may promote calcium loss and compromise ageing bone.
Regular intake of alcohol above 1500 ml of beer, 750 ml of wine and 150
ml of spirits per week, heavy smoking of over 10 cigarettes or 3 ounces of
tobacco per day, eating less than 3 vegetables, not taking weight bearing
exercises at least 3 times per week and a lack of multivitamin
supplements during puberty and middle age, increased bone turnover and
may predispose bone to fractures. Male nurses were at a greater risk
(P<0.05) than the females from increased turnover of phosphate,
magnesium, calcium and hydroxyproline as these also positively
correlated with either boron, adrenaline or cortisol. The levels of urinary
catecholamines were significantly (P<0.05) higher in M20-40 compared
to F20-40 who were stressed and suggested either male subjects had poor
coping mechanism or that female subjects had a different response
mechanism. The correlation between boron, cortisol, adrenaline and
phosphate in the male subjects as a whole but particularly in M20-40, in
whom adrenaline also correlated with hydroxyproline, suggest that these
male subjects are at greater risks of bone damage and poor health.

Improved dietary intakes of calcium, vegetables and boron and a
healthier life style of reduced alcohol and smoking with more weight-
bearing exercises could significantly reduced bone loss and therefore
prevent osteoporosis. In addition, male nurses should minimise stress

levels not only to protect bone loss but for a better health.
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the periosteum, which is the outer surface layer of the diaphysis, consists of
fibrous tissues and nerve endings and is richly supplied with blood vessels. Its
innermost layer is secured to the underlying bone by tufts of collagen fibres
which extend from the fibrous layer into the bone matrix. The endosteum layer
separates the medullary cavity from the surrounding compact bone and contains
osteoblasts as well as osteoclasts.

Bone 1s made up of two main types of tissues; trabecular and cortical.
Trabecular bone found internal to cortical bone and at the end of long bones,
comprises of trabeculae seperated by marrow spaces (Marieb, 1997). This bone
has a high surface-to-volume ratio and provides the environment for calcium
and phosphates metabolism. Cortical bone makes up the outer layer of long
bones and vertebrae and has a low surface-to-volume ratio (Reid, 1997). About
80% of the skeleton is cortical bone providing ridigity and density as well as
weight bearing properties.

Bone contains collagen fibres arranged in parallel or concentric sheets or
lamellar bone (Weinstein & Buckwater, 1994). Lamellar bone 1s found around
blood vessels forming Haversian systems in long bone. Collagen fibres, found
in woven bone, are formed when bone is laid down rapidly, as in foetal growth
or during healing of fractures, and are interlaced and randomly dispersed with
hydroxyapatite crystals in a disorganised fashion unlike in lamellar bone where
they are deposited parallel to the collagen fibres (Odell & Heath III, 1993).
Bone tissues are dynamic and continually being remodelled. In the foetus, bone
develops from previously laid down cartilage, which 1s eventually resorbed and
replaced with bone tissues through endochondnal ossification (Suta & Yasin,
1998). However, bones of the calvaria, such as mandible and maxilla,
developed from mesenchymal cells, and are formed through intra-mesenchymal
ossification. In bone modelling, a process associated with growth and shaping of
bone during childhood and adolescence, longitudinal growth of long bones

depend on proliferation and differentiation of cartilage cells at the growth plates
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while growth in width and thickness is accompanied by formation of bone at the
periosteal surface (Ng & Roma, 1997). In adults, after the closure of the
epiphysises, growth in length ceases, but remodelling of bone, a life-long
renewal activitiy continues through which old bone is removed by osteoclasts
and replaced with new uncalcified bone tissues followed by mineralisation with
hydroxyapatite crystals by osteoblasts (Eriksen et al, 1993). Parfitt, (1994)
estimated that in humans, as much as 25% of trabecular bone and 3% of cortical
bone is resorbed and replaced each year. This coupling of bone resorption and
formation is influenced by hormones, local growth factors, cytokines and

nutrients (Molgaard & Thompson, 1997).

1.1.0. Functions of bones.

Bone provides a supportive framework for soft tissues and protects
delicate internal organs such as the bones of the skull, which form a bony cage
for the brain tissues. Tendons are attached to the ends of long bone to facilitate
movements, for example, bone of the legs during walking. The matrix of long
bone stores minerals such as calcium, phosphate and magnesium and releases
them into blood when their levels fall below normal ranges. Bone marrow

produces most of the blood cells.

1.1.1. Bone matrix.

Bone matrix, produced by osteoblasts, consists of collagen and
mucopolysaccharides. The mineralised organic matrix makes bone resistant to
tractional and torsional forces. Intrinsic bone matrix disorders are rare and
usually involves defective mineralisation for example hypophosphatasia, a rare
autosomal recessive disorder in children and adults with associated rickets.
Extrinsic factors which inhibit bone matrix mineralisation are even rarer for
example, fibrogenesis imperfecta, in which serum alkaline phosphatase is

increased with disorganised matrix and delayed bone mineralisation.
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1.1.2. Bone collagen.

Collagen, a major component of connective tissues, is synthesised by
osteoblasts and consists of a helix of three long alpha polypeptide chains. It has
a triple helical structure made up of three collagen polypeptide sub-units, called
a- chain, which are twisted together to form the helix. The innermost
polypeptide consists of a repeating sequence of glycine residue (GLY-X-Y)n
in which the X and Y positions can be any amino acid. About 100 of the X
positions are occupied by proline and 100 Y by hydroxyproline. Proline and
hydroxyproline residues impart considerable rigidity to the structure. Collagen
fibres are further stabilised by the formation of covalent cross-links both within
and between the triple helical units. These crosslinks are formed through the
action of lysyl oxidase, a copper-dependant enzyme that oxidatively deaminates
the e-amino group of lysine and hydroxylysine residues, yielding reactive
aldehydes which stabilise the covalent cross-links to provide tensile strength
to the fibres (Bonde et al, 1994). The deposition of calcium phosphate crystals
during bone mineralisation, imparts further hardness and strength to the
collagen.

Pyridinoline and deoxypyridinoline are non-reducible cross-links of
collagen and while pyridinoline and hydroxyproline are also found in other
tissues such as ligament and cartilage, deoxypyridinoline is relatively bone
specific. The ratio of pyridinoline : deoxypyridinoline, in urine, is 3.5:1 (Eyre
& Kobb, 1984). Total urinary pyridinoline and deoxypyridinoline can be
measured by reverse phase HPLC but they do not always reflect changes in
plasma pyridinoline or deoxypyridinoline as little is known of the renal
handling or metabolism of these substances (Colwell et al, 1993).

Collagen is formed from protocollagen molecules synthesised and
secreted by the osteoblasts which then undergo a number of post-translational
modifications (Fig.1.0) including the hydroxylation of proline and lysine to

form hydroxyproline and hydroxylysine respectively. The terminal propeptides
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are cleaved following secretion and in the final conversion of procollagen to
collagen, one third of the mass is cleaved from the protein (Devlin, 1997).
Collagen interacts with other bone tissue components such as proteoglycan and
minerals to determine the structures of the bones. Bone collagen is unique as it
is only mineralised in bone (St. John-Dixon & Woolf, 1988).

Breakdown of bone collagen releases hydroxyproline,

deoxypyridinoline, pyridinoline and stored minerals such as calcium,

—?—T—?"‘ Translation

Protocollagen
| OH OH )
w——_i—1—g Hydroxylation Post-translational modifications
l OH
M Assembly
| on
W Helix formation
l OH ~
W Glycosylation ¢
OGAL . i’rocollagcn Cell membranf
§ ;—%
Procollagen

‘ Procollagen peptidases

MW .
‘mm Tropocollagen g

Fibre and cross-link formation

Crosslink maturation

Insoluble collagen

Fig. 1.0. The biosynthesis of collagen.(St.John-Dixon & Woolf D.A.1988).
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magnesium and phosphate (Skodjt & Russell, 1992) into blood and excess is
excreted mainly in urine. The urine level of these substances reflects the rate of

collagen and bone turnover (Sproot & Muller, 1997).

1.1.3. Bone cells.
Bone cells (fig. 1.1) are intricately involved in bone growth and

development and are sensitive to local and systemic factors. The influence of
these factors on the coupling process is usually balanced to determine rate of
bone growth, development and mass and any imbalance, may lead to reduced
bone mass and increase the risk of fractures. The 4 bone cells are osteoblasts,

osteoclasts, osteocytes and osteogenic cells (Mundy & Martin, 1993).

Osteoprogenitor cell Osteoblast Osteocyte (funci Ost?:c:ss;mﬁon
{develops into an (forms bone (maintains h "C"O'd tru‘s . o . .
osteoblast) tissue) bone tissue) e destruction o e matrix)

Fig.1.1. The four different bone cells (Marieb E. 1997).

1.1.3(a) Osteoblasts.

Osteoblasts, bone forming cells, are derived from stromal fibroblast-like
cells within the bone marrow. They are uniform in size, communicate with each
other by fine cytoplasmic processes, synthesise and secrete bone matrix
proteins including collagen, glycoproteins and proteoglycans and calcium
binding proteins (Rey & Kim, 1996) and produce large amount of alkaline
phosphate, an enzyme which initiates and promotes mineralisation of the
newly deposited matrix (Wlodarski, 1990). The activities of these cells are

influenced by various hormones such as parathyroid hormone (Mansen &
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Palmer, 1998), vitamin D, sex hormones, cytokines and growth factors
(Buckwater et al, 1996).

1.1.3(b) Osteoclasts.

These uni- and multi-nucleated bone cells are responsible for resorption
of bone and initiation of skeletal remodelling. They evolved from the
macrophage-monocyte lineage, vary in size and are highly mobile (Suda et al,
1992). They are rich in several enzymes such as collagenase, lysosomal
enzymes and acid phosphatase, which are involved in bone resorption to
solubilise the bony matrix resulting in the release of calcium, phosphate and
other minerals (Kean et al, 1994). Osteoclasts respond to several hormones,

such as parathyroid, calcitonin and sex hormones, metabolites of vitamins A
and D, and dietary factors such as alcohol (Odell & Heath III, 1993).

1.1.3(c) Osteocytes.

Osteocytes are osteoblasts trapped in the lacunae by the calcifying matrix
they have secreted (Johansen & Stone, 1996). Lacunae connect the osteocytes
to one another to facilitate movements of nutrients and metabolites. They act as
a ‘bone pump’ releasing calcium from perilacunar bone when serum calcium is
low and is also associated with matrix mineralisation (Kingsmil & Boyde,

1998).

1.1.3(d) Osteogenic cells.

Osteogenic cells are undifferentiated bone cells found in the periosteum
and epiphyseal plates of growing bones. Eventually, these cells differentiate into
osteoblasts and are active during growth and healing of fractures and may

contribute to the continual replacement of worn out tissues (Takwshima &

Kitano, 1998).
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1.1.4. Bone development.

The mature skeleton develops by the transformation of embryonic fibrous
connective and hyaline tissues into bone by the processes of intramembraneous

and endochondral ossification respectively.

1.1.4(a) Intramembraneous ossification.

Foetal fibrous connective tissues, formed by mesenchymal cells, serve as
the initial supporting structures on which ossification begins. Mesenchymal
cells, in the fibrous membrane, differentiate into osteoblasts which then secrete
osteon (bone unit) around the collagen fibres and, subsequently, produce
alkaline phosphatase to initiate mineralisation of the osteon into mature bone
matrix. However, mesenchymal cells, located just innermost to the periosteum,
differentiate into osteoblast and produce osteon which is subsequently
mineralised to produce compact bone (fig.1.2). Mature osteoblasts, trapped
within concavities inside the newly secreted matrix, differentiate into osteocytes
and vascular tissue, within the trabecular bone which form the red bone marrow
(diploe). The vascular mesenchymal, on the outside of the fibrous membrane

condenses to become the periosteum.

1.1.4(b) Endochondral ossification.

The process of ossification of long bone, in which hyaline cartilage is
converted into mature bone tissues, begins around week 3 of gestation, with
the formation of a bone collar around the hyaline cartilage and the appearance
of a primary ossification in the centre of the cartilage shaft (fig. 1.4.). The
chondroblasts, active mitotic cartilage cells, differentiate into osteoblasts which
then infiltrate the primary ossification centre followed by cavitation of the
hyaline cartilage shaft. The periosteal bud subsequently invades the internal
cavities to form the spongy bone. As the primary ossification centre expands,

osteoclasts form the medullary cavity (Marieb, 1997).
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Finally, secondary ossification centres appear at the two epiphysises to produce
similar events as in primary ossification. When secondary ossification is
completed, only the hyaline cartilage and the growth plate between the

diaphysis and epiphysis, remain.

1.1.5. Types of bone tissues.

Cortical and trabecular bones consist of similar minerals and proteins.
Cortical bone differs in some respect from trabecular bone in that it appears
almost ivory-like in its solidity but is far from inert, though it does have a low
metabolism, with fewer remodelling sites and a lower turnover than the more

open-structured trabecular bone (Birdwood, 1996).

1.1.5(a) Cortical bone.

Cortical or lamellar bone, has many openings or passageways for nerves,
blood vessels, and lymphatic vessels, serving the osteons of the Haversian
system. Each osteon 1s made up of bone matrix arranged in concentric rings,
lamellae, around the central Haversian canal, which is orientated along the long
axis of the bones (Pfeiffer, 1998; fig.1.3). In contrast, the Volkmann’s canals are
found at right angle to the long bone axis and connect the blood vessels and
nerves of the periosteum to those of the Haversian canals and the medullary
cavity.

Osteocytes lie between the lamellae in small concavities known as
lacunae. All lacunae are connected to each other and to the Haversian canals by
canalliculi to facilitate the exchange of nutrients and waste products. The
closely packed osteons make the cortical bone very solid and allows this type of

bone to generate more powerful muscular actions.

1.1.5(b). Trabecular bone.

Trabecular bone 1s spongy in appearance and enclosed in a hard outer
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Cortical (compact) bone
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. bone
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Fig. 1.3a & 13b. Structures of cortical and trabecular bone tissues.
(Birdwood G, 1996).
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crust of cortical bone (fig. 1.3a). Trabecular bone is made up of trabecullae
(Nakamura & Kurokawa, 1998) containing irregularly arranged lamellae and
osteocytes, interconnected by canalliculi, but without osteon (Weinstein &
Buckwater, 1994). Trabecular bone obtains nutrients by diffusion from the bone
marrow spaces. They are relatively light but strong to protect against physical
stress. During growth, it adapts its responses in accordance with Wolff’s law
which states that a bone, normal or abnormal, develops the structure most suited
to resist the forces acting upon it (Birdwood, 1996). Mechanical stress
stimulates local trabecular bone formation, seen in athletes, as a result of
physical training ( Kanders & Demster, 1988). Although lighter than cortical
bone, it provides strong bone surfaces (abundant in the ends of long bones) to
minimise wear and tear. Loss of trabecular bone tissues is very common with
ageing and, if not arrested, can lead to osteoporosis.

Cortical and trabecular bones respond to a vast array of extrinsic
influences such as nutritional factors as well as intrinsic factors such as
cytokines and hormones (Anderson et al, 1996). While these factors are
necessary for healthy bone, they can under certain conditions, also contribute to

adverse bone changes which can weaken bone and increase the risk of damage.

1.1.6. Mineralisation of bone.

Mineralisation of bone matrix starts with the laying down of amorphous
calcium phosphate crystals within the osteon which is then converted into
hydroxyapatite following several reactions. The ratio of calcium to phosphorus,
required, can vary markedly under different nutritional conditions but under
normal condition is 1.3: 2.(Bruni et al, 1997). The process begins when
osteoblasts secrete procollagen fibrils which assemble, extracellularly along the
linear collagen fibres for crystal nucleation (St. John -Dixon & Woolf, 1988).
Hydroxyapatite crystals are deposited within the cavity in the collagen fibrils,

where mineralisation is initiated, and as the crystal deposition increases, it
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spreads to form mature and fully calcified bone tissue. Following formation of
the osteoid by osteoblasts, there is about 10-15 days lag after which
mineralisation begins. This is completed in about two third of the duration for
the whole process with the ossification of the final third taking several months.
Microcrystals, not bound to collagen, can also be found in other parts of the
body such as walls of blood vessels, and occasionally, in synovial fluid of
people with osteoarthritis (Masuda & Salu, 1997).

Bone matrix mineralisation is facilitated by collagen and non-
collageneous proteins acting as nucleators and by alkaline phosphatase.
Calcium and phosphate levels in the extracellular fluid are critical for effective
mineralisation. Inhibitors to mineralisation, such as proteoglycan can prevent

calcium crystalisation and must be reduced or eliminated.

1.1.7. Types of bone growth.

Foetal fibrous membraneous bone tissues undergo maturation process by
intramembraneous ossification to become flat bone whilst cartilagenous foetal
bone tissues become mature long bone through the process of endochondral
ossification. During youth, long bone continues to grow in length as the
epiphyseal plates move further apart for new bone deposition. Growth in the
width of bones occurs as new bone tissues are deposited on the periosteal
surfaces.

Bone growth occurs throughout childhood and ends in early adulthood.
Growth hormone effects, mediated by insulin-like growth factors, is the single
important stimulus for bone growth during infancy and childhood. Thyroid
hormone modulates growth hormone to ensure skeleton has proper proportion
as growth occurs. Sex hormones, in both genders, initiate the growth spurt seen
at puberty (fig. 1.6). After menopause, bone growth is reduced with loss of bone
mass. Life style such as smoking and alcohol consumption, and nutrition, such

as calcium and phosphate, can also influence these processes in all ages, but can
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be critical during puberty and immediately after the menopause.

1.1.7(a) Longitudinal bone growth.

Growth 1n length of long bone occurs through the process of
longitudinal bone growth, mimicking endochondral ossification, in which the
epiphyseal plate grows by mitosis of the cells onto their distal faces (fig. 1.4).
The chondrocytes on the proximal face of the plates hypertrophy before the
matrix is calcified. The osteoblasts, in the medullary cavity, then ossify the
cartilage spicules forming spongy bones (Tortora & Anagnostakos, 1996). This
is followed by continuous bone remodelling, removal of old and damaged
tissues, and replacing them with new tissues. Long bone growth is reduced
towards the end of adolescence (18-21years) when epiphysis and diaphysis fuse.
However, bone growth mechanisms are still present and can be influenced by

factors such as exercises (Coralli & Raisz, 1986).

1.1.7(b) Appositional bone growth.

Appositional growth increases bone thickness (diameter) and is due to
osteoblasts, beneath the periosteum, secreting bony matrix and depositing it on
the external surface of the bone (Decker & Marshall, 1996). This increase in
compact bone is usually followed by osteoclast activities on the endosteal
surface but these are less compared to those of the osteoblast so that the

coupling process produces a thicker and stronger bone.

1.1.7(c) Bone modelling.

Bone growth occurs, evenly, during the first two decades of life,
with an additional spurt during adolescence, followed by a period of
consolidation during adulthood in which the bone reaches its peak mass,

usually around the third decade of life for cortical bone and a few years earlier
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for trabecular bone. After menopause, bone growth slows down and is
superseded by bone resorption. The modelling of bone ensures that existing

bones meet the mechanical demands placed upon them.

1.17(d) Bone remodelling.

In adult, there is continuous turnover of bone to ensure adaptation and
enable the repair of damaged tissues. Remodelling involves the coupled cycle
between osteoclast and osteoblast and lasts approximately 13 weeks. The
turnover of trabecular bone is much greater, and therefore is under increased
risks of damage by hormonal and local factors than cortical bone. Remodelling
of compact bone starts with osteoclasts forming a cutting cone and moving
progressively through older mineralised bone to create a cavity for a new
Haversion system. This cavity is then colonised by a vascular stroma and poorly
differentiated cells followed by deposit of lamellae by osteoblasts. In trabecular
bone, osteoclastic resorption results in the formation of Howship’s lacunae
which are then filled by new bone tissue from active osteoblasts. The coupling
of the functional units of osteoclast and osteoblast is synchronous, so that
resorption at one site is balanced by formation at another, with no net
weakening of the skeleton (fig.1.5). While the coupling osteoblasts and
osteclasts maintains bone mass fairly constant, general and local factors can
override these mechanisms and therefore influence the final outcome
(Cummings et al, 1985). Increased resorption in cortical bone results in wider
Haversian canals with increased cortical porosity while in trabecular bone, there

is a loss of trabeculae with an increased number of spicules.
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Fig.1.5. Remodelling of bone (Compston E, 1996).

1.1.8. Factors affecting bone growth, composition and mass.

Peak bone mass refers to the highest volume of bone tissues present

during the life-time and depends on the balance between bone formation and

resorption (Nieves et al, 1998). Bone mass increases progressively during foetal

life, adolescence and early adulthood to reach a peak around the age of 30 years

and thereafter falls slowly in both sexes until menopause (Birdwood, 1996;

fig.1.6). Immediately after menopause, bone mass is further reduced in women

compared to men due to the reduction in oestrogen level (Reid, 1997). Genetic,

environmental factors and life style influence the activity of bone cells and,

therefore, will dictate the final peak bone mass (Barr & McKay, 1998).
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1.1.8(a) Genetic factors.

Genetic factors account for between 75-80 % of peak bone mass (Eisman
et al, 1995). Women who develop osteoporosis early in life are apt to have
daughters at risks of getting the disease as bone mass of sisters, mothers and
daughters are closely related (Krall & Dawson, 1993). Males, generally, have a
greater bone and muscle mass and bone density than females (O’Neill et al,
1996). During pubertal growth spurt, bone of negros shows a greater
acceleration of growth than their caucasian counterparts so that by adulthood,
they have a greater bone mass (Gilsanz et al, 1991). Peak bone mass is also
influenced by the presence of vitamin D (Cooper & Umbach, 1996) and
oestrogen receptors in bone and by transforming growth factor p (TGFp). Body
size, lean mass and fat mass are important in bone mass determinations and are

partly influenced by genes (Schwartz, 1993).

1.1.8(b) Age.

Bone mass and bone minerals are progressively lost with age, reducing
bone strength and predisposing them to fractures under minimal stress (Wang
& Kaisak, 1998). From childhood to puberty, there is an increase in new bone
deposition through the process of osteogenesis (Tortora & Anagnostakos, 1996).
At puberty, this linear growth is superimposed by an additional increase
through the influence of sex hormones which lasts until the 3rd decade of life
when the rate of increase slows down (Beck et al, 1993; fig.1.6).

After menopause, overall bone mass decreases as the levels of sex
hormones fall (Odell & Heath III, 1993) and there 1s also widening of the
Haversian canals on the endosteal surface of cortical bone, with a reduction 1n
new bone deposition and which leads to increased intra-cortical porosity. In
trabecular bone, there is a thinning and loss of trabeculae and an increase in
microfractures (Bohannon & Kinnett, 1994). In both, men and women, age-

related decline in bone mass continues well into extreme old age (Jones et al,
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1994) but in female, there is an additional period of rapid bone loss
predominantly due to oestrogen withdrawal (Rigg & Melton, 1986). However,
there is a large variations in normal values of peak bone density within any

given age group, gender or culture (Seeman & Young, 1993).
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Fig.1.6. The relationship between age and bone mass.
(Birdwood G. 1996).

(The peak bone mass attained in early adulthood, is normally 30-50%
higher in men. Women, therefore, only need to lgse about half as much
bone as men to become osteoporotic. Factors influencing modelling and
remodelling are given at the bottom of graph).

1.1.8(c) Gender.

Males generally have a larger bone mass and density and greater muscle

mass than females (O'Neil et al, 1996). Females have an increased osteoclastic
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activity immediately after menopause than males and as a result the incidence of

fractures is higher in females than in males over the age of 65 years (Lashas et
al, 1996).

1.1.8(d) Culture and race.

During pubertal growth spurt, black girls show a greater
acceleration of bone growth than white girls (Gilsanz et al, 1991; fig.1.7), so
that by maturity, black females have, on average, about 10% greater bone mass
than caucasians females. Fracture rates are more common in caucasians than

Asians with the least in blacks. These differences also apply to males (Barron et
al, 1994).
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Fig.1.7. Cultural / racial differences in bone mass.(Reid IR, 1997).

1.1.8(e) Sex hormones.
Human growth hormone is responsible for 50% of bone mass production

in pre-pubertal females and only 10% in males (Riggs et al, 1982). At puberty,
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the bone growth spurt is due to increases in sex hormones in both genders
(Marieb, 1997). Hypogonadism, due to surgery or chemicals, is associated with
a reduction in peak bone mass in young males and females (Seeman & Young,
1993). In post-menopausal women, bone mass decreases due to reduction in
oestrogen level (Marcus, 1996). Oestrogen binds to oestrogen receptors within
osteoblast to mediate anti-resorptive effects on bone, but with advancing age,
there is an increased loss of oestrogen receptor regulation (Ng & Roma, 1997).
The reduction in the sex hormone levels also induces a transient increase in
osteoclastogenesis in both genders and is associated with the early phase of
rapid bone loss (Most et al, 1997). There is an increased production of cytokines
such as IL-1, IL-6 and TNF by osteoblast, as a result of falling level of
oestrogen, so that bone resorption is further increased (Lader & Flanagan,
1998).

Nguyen et al, (1995) reported a positive correlation between bone mass
and reproductive history, whilst Bauer et al, (1993) found a negative effect of
parity on bone mass as well as fracture risks. Breast feeding may cause a decline
in bone mass density in the nursing mother as calcium, phosphate and
magnesium are diverted into the child's feed but any osseous damage is reversed
when breast feeding is stopped (Bauer et al, 1993). Testosterone deficiency has
been associated with osteoporosis in men as testosterone increases

differentiation and proliferation of osteoblasts (Anderson, 1998).

1.1.8(f) Parathyroid hormone (PTH).

This hormone, produced by the parathyroid glands, stimulates
osteoclastic resorption of bones (Kochersberger et al, 1987). It increases
osteoclast's production of adenylate cyclase, intracellular calcium, cyclic
adenosine monophosphate (cAMP) and activates a protein kinase which
inhibits collagen synthesis at the mRNA (messenger ribonucleic acid) level.

PTH increases calcium and decreases phosphate resorption from the kidney
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tubules, but while serum calcium level increases, there will be a decrease in the
calcium phosphate product required for bone mineralisation because the ratio of
calctum to phosphate will be subsequently disturbed (Sharon, 1989). It also
increases 1,25-dihydroxy-vitamin D synthesis by the proximal convoluted
tubules with a subsequent increase in intestinal calcium absorption (Thorsen et
al, 1996). However, Arnaud (1993) suggested that PTH does not play any
significant role in bone resorption, particularly during early menopause, as the

reduced oestrogen is most probably responsible for the bone resorption.

1.1.8(g) Calcitonin.

Calcitonin is produced by the thyroid glands and inhibits bone resorption
by binding to high affinity receptors on osteoclasts (Hillard & Stevenson, 1991).
It rapidly impairs osteoclast functions as there is a decreased urinary excretion
of pyridinoline cross-links (Itabashi, 1998). It also responds to short-lived
changes in serum calcium due to dietary loading in order to prevent
hypercalcaemia. Calcitonin increases intracellular cyclic adenosine
monophosphate which produces an inhibitory effect on osteoclast (Overgaar et
al, 1992). Calcitonin levels in normal women are lower than in men of
corresponding age and the levels consistently decline with age (Itabashi,

1998).

1.1.8(h) Insulin and insulin-like growth factors( somatomedins).

Insulin has a trophic effect on bone and at physiological levels increase
collagen synthesis (Hosking, 1993). Deficiency, as seen in type I diabetes
mellitus, is associated with low bone mass. Insulin-like growth factors, IGF-1
and IGF-2, stimulate collagen, non-collagen proteins and deoxyribonucleic acid
(DNA) synthesis as well as replication of bone cells, chondrocytes and increase
the production of matrix constituents (Lynch et al, 1989). Glucocorticosteroids,

at physiological concentrations, potentiate the IGF-1 effects on collagen
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synthesis with an increase in the number of somatomedin receptors in bone cells

(Lukert & Raisz, 1990).

1.1.8(1) Growth hormone and Growth factors.

Growth hormone stimulates growth of the skeleton by increasing
synthesis and secretion of somatomedins (Kotake et al, 1996). Growth hormone
1s most effective on bone growth during infancy and childhood with reduced
influence during adulthood and in the elderly. Other growth factors such as
epidermal (EGF), fibroblasts (FGF) and platelet-derived (PDGF) also increase
bone growth by stimulating the proliferation of bone cells and increasing
protein synthesis. However, they also stimulate bone resorption mediated
through prostaglandins although EGF can also independently stimulate
resorption (Konttinen et al, 1997).

1.1.8(J) Thyroid hormone.

Thyroid hormone stimulates cartilage growth directly and synergistically
with somatomedins. In hyperthyroidism, there is an increase in bone turnover
with hypercalcaemia and a decrease in PTH, 1,25-dihydroxy-vitamin D and
intestinal calcium absorption which, if prolonged, may lead to osteoporotic bone

changes (Barran, 1991). Thyroid hormone deficiency decreases the rate of bone

turnover and delays growth generally.

1.1.8(k) Prostaglandins (PGs).

These are synthesised and secreted by many cells mcluding bone and
macrophages. There are several known PGs; the most common PG influencing
bone is PGE, . Prostaglandins have biphasic effects on bone since PTH
stimulates production of PGE, whilst 17§ oestradiol reduces PTH secretion
and inhibit PGs production (Yoshikuwa, 1998). Akatsu et al, (1991) reported

that prostaglandin E; directly stimulates bone resorption and is associated with
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the osteolysis and hypercalcaemia in neoplasms but more recently Harrison et
al, (1994) noted that PGs do not act directly on osteoclast but as local
intermediary regulators to influence the coupling between osteoblasts and
osteoclasts. However, indomethacin, a prostaglandin synthetase inhibitor,
reverses the increased bone resorption seen with prolonged immobilisation
(Thompson & Rodan, 1986). Interleukin IL-1 prevents synthesis of collagen
partly mediated by prostaglandins (Harrison et al, 1994). Prostaglandins also
stimulate bone growth in the presence of cortisol, by increasing replication and
differentiation of osteoblast precursors, mediated by cyclic AMP and insulin-
like growth factors (Gronowicz et al, 1994). Endogenous PGs promote healing
of bone fractures and contribute to bone mass through impact loading which

itself increases local production of growth factors (Yang et al, 1998).

1.1.8(1) Cytokines.

Cytokines are cell mediators involved in intercellular communications.
Several cytokines and their roles in bone turnover have been identified
(Konttinen et al, 1997; appendix 4). Interleukin-1 (IL-1) stimulates the
synthesis and release of enzymes such as collagenase, stromelysin and
plasminogen activator involved in degradation of bone collagen matrix. It also
increases the level of prostaglandins (Kirkham, 1991). The action of tumour
necrosis factor (TNFa) is mediated by a transcription nuclear factor-kappa B
(NF-kappa B) to increase production of cytokines and cell adhesion molecules

to promote bone resorption and inflammation (Kurokouchi et al, 1998).
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1.1.9. Environmental factors, diet and life style.

1.1.9(a) Dietary calcium.

Low dietary intake of calcium reduces the formation of hydroxyapatites
and increases the risk of fractures (Petridou & Karpathios, 1997). Bunker,
(1994) proposed that high intake of milk and other dairy products containing
calcium during childhood and early adulthood are vital for healthy bone.
Johnson et al, (1992) estimated that calcium demands for skeletal growth during
pre-pubertal stage is greater than that at any other time when as much as 1600
mg / day of calcium may be necessary to meet the adolescent’s calcium
requirement to achieve optimum peak bone mass (Kanders & Demster, 1988).
Low calcium intake by pre-pubertal females will seriously compromise their
accrual of bone mass (Chan, 1991). Adequate dietary calcium intake, therefore,
appears crucial for achieving maximum peak bone mass and minimising age-
related bone mass loss (Cumming, 1990). Average calcium intakes for many
teenagers, particularly females, is lower than the recommended daily
requirement -1500 mg / day (Porthmouth et al, 1994).

Calcium supplements, in women up to 10 years after menopause, appear
to slow down the rate of bone loss and can give maximum protection
particularly if taken with hormone replacement therapy (Schneider et al, 1997).
There is an increased loss of calcium in post- menopausal compared to pre-
menopausal women (Elders et al, 1991). Bone mass losses in men, due to
dietary calcium depletion, is not conclusive. Calcitonin and vitamin D increase
calcaemia whilst PTH is inversely related to serum calcium level (Rizoli &
Bonjour, 1998). Kelly et al, (1990) proposed that calcium intake should be
seriouly considered as an independent predictor of bone mineral density.

Calcium balance, generally, reflects the degree to which bone formation
is coupled with resorption; with a negative balance, bone resorption exceeds

formation and vice-versa (Cumming, 1990). Calcium homeostasis depends upon

46



several factors such as the amount of calcium in the diet, absorption rate from

the gastro-intestinal tract and excretion via urine and faeces.

1.1.9(b) Dietary magnesium.

The adult human body contains about 25g of magnesium of which up to
50% may be in bone (Porth, 1994). Magnesium is required for the synthesis of
1,25 dihydroxyvitamin D, the release of PTH, and it is a co-factor for alkaline
phosphatase production by osteoblast (Leone & Rezende, 1998). Magnesium
deficiency can result from poor dietary intakes, as in chronic alcoholism or in
teenagers on voluntary dietary restrictions. Magnesium maintains a low level of
intracellular calcium ion by competing for membrane binding sites with calcium
(Ryan, 1991). Elevated magnesium may also promote calciuria by suppressing
PTH production (Durlach & Collery, 1984). Deficiency of magnesium may
lead to reduced bone magnesium and abnormal crystal formation and possibly
even osteoporosis if not corrected in time (Cohen & Kitzes, 1981). However,

boron promotes bone formation at lower level of magnesium (Neilsen, 1992)

1.1.9(c) Dietary phosphates.

Phosphate, a major element in hydroxyapatite, is a key inorganic
constituent of bone ( Marieb, 1997). Serum level of phosphate acts as one of the
regulators for the rate of renal production of 1,25(OH),D;. During chronic
hypophosphataemia, defective bone mineralisation occurs (Cooper et al, 1996).
Low dietary phosphate intake reduces intestinal absorption of calcium due to
reduction in 1,25 (OH,) D; production (Portale et al, 1986). Elderly eskimos,
with a habitually high intake of proteins and phosphorus and low calcium
intakes, have been associated with an increased loss of cortical bone (Mazess &
Mather, 1974). However, pre-and post-menopausal lacto-ovo-vegetarians lose
less cortical bone than age-matched omnivorous as they have a higher dietary

intake of proteins and phosphorus (Reed et al, 1994).
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1.1.9(d) Dietary sodium and proteins.

The effects of dietary sodium and protein on bone are unclear. Need &
Morris, (1991) proposed that excess intakes of sodium may contribute to low
bone mass through obligate urinary calcium loss. Orwell, (1992) and Cooper et
al, (1996) found a positive association between proteins intakes and bone

density in pre-menopausal but not in post-menopausal women.

1.1.9(e) Vegetarians / non-vegetarians.

Male and female vegetarians lose less bone minerals than their
omnivorous counterparts as a dietary cocktail of animals proteins and fibres of
omnivores decreases the absorption of calcium and causes hypocalcaemia due
to chelation of calcium and calcium - phosphate imbalances (Spencer et al,
1983). Increased intake of purified proteins dramatically increases urinary
excretion of calcium as a result of a raised glomerular filtration rate and
decreases fractional renal tubular resorption of calcium. In comparison, normal
diet containing a balanced phosphate intake may actually lower the rate of
calcium excretion (Barzel & Massey, 1998). There is also increased bone loss
in omnivorous females over the age of 50 years, compared to lacto-ovo-
vegetarians of same age but no significant differences in 20, 30 or 40 year
olds (Marsh et al, 1980). In contrast, reduction in dietary protein causes
progressive bone growth retardation due to decreased plasma concentration of

IGF-1 (Leili & Scanes, 1998).

1.1.9(f) Vitamin supplements.

Vitamin A, a fat soluble vitamin, is formed from provitamin carotene in
the guts and is abundant in fish, liver and fortified foods. It facilitates synthesis
of chondroitin sulphate, a substance that intermingles with collagen fibres
giving plasticity to the organic matrix (Marieb, 1997). Vitamin C, a water

soluble vitamin found in citrous fruits and green vegetables, promotes the
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addition of hydroxyl groups to proline and the formation of cross-linkages
between collagen molecules to add tensile strength to the bone matrix (Devlin,
1997). It is also an anti-oxidant and therefore bonds free radicals which
otherwise can damage plasma membrane of various cells. Vitamins B¢, found in
meat, fish and vegetables, is important for glycogenesis and is involved in
several amino acid metabolism and conversion of tryptophan to niacin which is
known to inhibit cholesterol synthesis. Depletion may result in reduced IL-2
levels which may impair the immune system as T-helper cells production is
already reduced in the elderly (Miller & Stutman, 1981). Vitamins B¢ and By,
found in meat and fish and some dairy products, are involved in metabolising
methionine to homocysteine which, in turn, is converted to cystathione.
Hyperhomocysteinaemia is elevated in B, and folate deficiency and is
associated with osteoporosis (Mc Cully, 1993). Healthy elderly people have
higher plasma level of homocysteine than younger people probably related to
age-associated impairment of their diet or reduction in absorption of these
vitamins from the gastrointestinal tract (Joosten et al, 1993).

Vitamin D, a fat soluble vitamin produced by the action of ultra-violet
light on 7-dehydrocholecalciferol, is converted in the kidneys to 1,25 hydroxy-
vitamin D which facilitates absorption of calcium from the guts by inducing
local synthesis of calcium-carrier proteins (Zerwekh & Reed, 1998). However,
an increase in vitamin D causes excess bone destruction through activation of
osteoclast (Bataille & Fardelline, 1998). Dietary supplements of calcium and
vitamin D moderately reduce bone loss in the femur, neck bones, spine as well
as reduction in the overall incidence of non-vertebral fractures in men and

women over 65 years old (Dawson-Hughes et al, 1995).

1.1.9(g) Alcohol consumptions.
It is not clear whether ‘social drinking’(20-30g alcohol / week) increases

bone turnover, although Sampson, (1998) reported a negative linear
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relationship between alcohol intake and bone density. However, alcohol intake
of 70-140 g/ week decreases bone mass in pre-menopausal (Albers, 1990) and
post-menopausal women (Hernandez-Avilla et al, 1991).

There is a decrease in bone mass in heavy drinkers compared to non-
drinkers and moderate drinkers (Hansen et al, 1991). In many chronic
alcoholics, testosterone production is reduced (Slemenda et al, 1992) although
other work indicate no reduction in serum testosterone or cortisol (Peris et al,
1992). Chronic alcoholism frequently leads to bone loss in the spine and
femoral neck and the amount of bone lost is proportional to the duration of
alcohol intake (Birdwood, 1996). Alcohol depresses bone formation by reducing
Gla-protein level, an index for bone formation as it is produced by osteoblasts
(Peris et al, 1992) while Feitelberg et al, (1987) associated these deleterious
effects of high alcohol consumptions on bone to (a) a direct effect on
osteoblast, (b) an indirect effect on osteoblast by inducing hypogonadism
particularly in men, (¢) reduced mobility and (d) low protein and calcium

dietary intakes as well as reduced absorption from the gastrointestinal tract.

1.1.9(h) Caffeine consumptions.

Moderate caffeine intake reduces bone density and increases
susceptibility to fractures ( Keil et al, 1990) and excessive caffeine accelerates
the development of osteoporosis in both sexes (Cooper et al, 1992). Caffeine
intake may also offset the beneficial effects of oestrogen on calcium
metabolism (Holligberg, 1985) and increase urinary calcium excretion in
women taking oestrogen supplements (Massey & Wise, 1984). In addition,
excessive caffeine ingestion may increase excretion of magnesium, sodium and
chloride. Daily intake of 2 cups of caffeine may result in as much as 22 mg /
day net loss of calcium in menstruating 35-45 year old females. If these
subjects carry on drinking coffee at this rate, it may cause a negative calcium

balance of up to 40 mg / day by the post-menopausal period which may account
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for as much as 1-1.5 % loss of bone mass annually (Heaney & Recker, 1986).

1.1.9(i) Smoking.

Smoking is associated with reduced bone mass as well as an increase risk
of related fractures in both sexes (Valimaki et al, 1994). Smoking reduces
circulating oestrogen level by converting it into 2-methoxyestrone which not
only lacks oestrogenic properties but also blocks oestradiol receptors
(Birdwood, 1996). Hansen et al, (1991) proposed that bone loss through
smoking is not due to the cigarette smoke itself but mediated through
premature menopause, which reduces body weight and enhances metabolic
breakdown of oestrogen. Reid, (1997) found a good correlation of low body
weight to loss of bone mass in females.

Teenage smoking is increasing particularly among young female college
students, but very little research is available on whether there is any direct link
with delayed bone growth (Mazess & Burden, 1991). However, smoking in
older subjects in both sexes, decreases bone mineral density (Hollenbach et al,
1993). Oestradiol secretion ceases prematurely in heavy longstanding smokers
and results in an early onset of post-menopausal bone loss (Pocock et al,

1989).

1.1.9(j) Physical activities.

The effects of exercise on bone is related to sites, age at which exercises
started, hormonal status and amount and types of exercise (Smith & Gillian,
1996). No exercise results in bone loss through immobility ( Krolner & Toft,
1983). Moderate to highly physically active individuals have a larger bone mass
than sedentary persons (Brahm et al, 1998). Physical activities such as cycling,
walking the dog and swimming are unlikely to increase bone mass significantly
as they are not weight-bearing exercises ( Basssey, 1995). Subjects who

engaged in brisk walking, jogging for over 30 minutes, played football, rugby
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and performed gymnastics at least once a week, show an increase in bone mass
(Allen, 1994).

High intensity physical activities in children and in young adults
correlate with significant bone mass increases and may be a determinant of
peak bone mass (Valimaki et al, 1994). Postmenopausal women show higher
bone mass when subjected to high load and low repetition strength training
regimes compared to low load and high repetitions group (Kerr et al, 1996). On
the other hand, excessive strenuous physical exercise can reduce bone mass
through irregularities in menstrual cycle with a reduction in oestrogen and
progestrone levels in females and testosterone levels in men (Alfredson et al,
1997). However, varied and high impact exercise have only a modest beneficial
effect on bone loss (Gutin & Kasper, 1992), while walking does not increase
bone mass (Cavanagh & Cann, 1988). On the other hand, Alekel et al, (1995)
concluded that physical activities of daily living, such as walking, may have a
positive impact on bone mass regardless of menstrual status. However, when the
exercise programme is stopped, the bone mass gained, can be loss indicating a
reversible process (Forwood & Burr, 1993).

The mechanism by which mechanical strain exerts its physiological effect
on bone remains unclear but Allen, (1994) suggested that the strain causes
changes in ionic, for example calcium, fluxes in osteoblasts which control local
regulation of cytokines, growth factors such as IL-2 and 6 , insulin-like growth
factors and prostaglandin E; . Mechanical stress also leads to the attraction of
positive ions including H' in extracellular fluid (ECF) onto the crytalline
hydroxyapatites making the ECF more alkaline (Snow-Harter et al, 1992). This
increased alkalinity enhances the production of alkaline phosphate which feeds
the osteoblast with substances for bone formation. On the other hand, reduced
exercise, may decrease the attraction of H' in the ECF with a subsequent

increase the acid medium which increases osteoclastic activities (Nielsen et al,

1994).

52



1.1.9(k) Reproductive history.

During pregnancy, oestrogen level increases and therefore may enhance
bone mass but the evidence appears inconclusive (Nguyen et al, 1995. High
parity and lactation periods have been associated with an increase in bone mass
with a subsequent decrease in the risk of fractures (Alderman et al, 1986) either
due to the increased weight gain of pregnancy or through increased oestrogen
level (Nguyen et al, 1995). Ortega et al, (1998) reported that although the
dietary calcium intake of about 75% of pregnant women fails to meet the
national recommended requirement, their serum calcium levels remain within
the normal ranges and may indicate a depletion in calcium stores. Pregnant
women with low calcium, have reduced calcium levels in their breast milk.
However, breast feeding provides a transient and reversible decrease in bone
mineral density during nursing, but normally there is no lasting detrimental

effect on bone mass of the mother as long as the daily dietary calcium intake

does not fall below 1200mg / day (Lopez et al, 1996).

1.1.9(1) Diseases.
Several diseases can influence bone structure and functions which can

lead to weakness and increased risk of fractures.

1.1.9(0) i Cushing’s Syndrome.

Patients with Cushing’s syndrome have excess glucocorticoids which can
contribute up to 50% to the incidence of osteoporosis ( Ross & Linch, 1982).
This is compounded by a decrease in sex hormones as a direct result of elevated
glucocorticoids through decreased influence of gonadotropin-releasing
hormones on the pituitary gland which inhibit oestradiol and testosterone

secretion by the ovaries and testes respectively (Yeap & Hosking, 1995).
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1.1.9(1) ii Thyrotoxicosis.

Thyrotoxicosis, a disease in which the level of thyroxine hormone is
increased, is associated with bone resorption and osteoporosis. Patients suffer
from hypercalciuria as PTH, 1,25 dihydroxy vitamin D and calcium absorption
rates are decreased (Barran, 1991). Serum type 1 collagen, released from

collagen breakdown, is increased in all ages in which thyroxine level is elevated
(Harvey et al, 1991).

1.1.9() iii Rheumatoid Arthritis.

In up to 80% of cases of rheumatoid arthritis, an autoimmune disorder,
there is an increased bone resorption with reduced bone density and weakening
of bone as a result of mature collagen breakdown and release of pyridinium
cross-links (Siobel et al, 1989). Bone damage can be compounded further if

prescription of glucocorticoids as anti-rheumatoid agent is not monitored
(Porth, 1994).

1.1.9(1) iv Inflammatory bowels diseases.

Extensive inflammatory bowels diseases such as Crohn’s disease and
ulcerative colitis, can lead to malabsorption of calcium, vitamin D and other
vital nutrients and minerals necessary for the maintenance of existing bone as
well as production of new bone (Comspton et al, 1987). If untreated, 3% to 5%
of sufferers eventually develop osteoporosis through an increase in the levels of
calcitonin, PTH and IL-6 (Konttinen et al, 1997). Again, many patients are
prescribed glucocorticoids to control the progress of the disease, an increased

serum cortisol may lead to increased bone damage.

1.1.9(1) v Hepatic disorders.
Hepatic conditions, such as chronic alcohol abuse, are associated with

decreased bone formation due to secondary malnutrution, hypogonadism,
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reduced vitamin D and calcium intake (Lalor et al, 1986) These diseases may
increase bone breakdown due to raised acid phosphatase level as well as
increase collagen release of hydroxyproline (Reddy & Enwemeka, 1996) and
decrease in mineralisation and bone mass (Reid, 1997). Ethanol is also toxic to

osteoblasts (Guanabens et al, 1990).

1.1.9(1) vi Diabetes Mellitus.

Insulin is necessary to ensure glucose is available within most cells for
the production of adenosine triphosphates (ATP). It increases intracellular
amino acid accumulation (Yeap & Hosking, 1995) and bone collagen synthesis
through stimulation of insulin receptors in osteoblasts (Levy et al, 1986). Long
standing, poorly controlled diabetes with renal complications, may increase the
risk of developing osteoporosis by suppressing osteoblasts proliferation and its

response to PTH and vitamin D (Kumeda et al, 1998).

1.1.9(m) Drugs and hormone therapy.

Long term use of corticosteroids and thyroxine is associated with bone
loss (Saito et al, 1997). Manogalas & Jilka, (1995) reported that thyroxine,
some anti-convulsants and antacids which contain aluminium, may reduce
bone mass in women who are on a low calcium diet. Some diuretics, such as the
thiazide group, have been associated with a lower rate of bone loss (Cualey &
Cummings, 1993) and higher bone density (Wasnich & Davis, 1980).

Hormone replacement therapy (HRT) aimed at replacing the loss of sex
hormones following menopause, is effective in reducing loss of bone mass.
Although HRT has been in practice for many years, the mechanism whereby
bone loss is reduced remains unclear. However, oestrogen within the HRT,
reduces the production of parathyroid hormone and increases the synthesis of
1,25 dihydroxyvitamin D resulting in increased absorption of calcium from the

small intestines (Rozenberg et al, 1995). It acts on osteoblast to increase bone
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cells proliferation and collagen synthesis (Horowitz, 1993) as well as increasing
apoptosis of osteoclast and therefore increases osteoblast activity (Perkins et al,
1994). HRT suppresses the release of IL-1 and tumour necrosis factor from
leucocytes suggesting a possible link between cytokine production and sex

hormone deficiencies (Cutolo, 1997).
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1.1.10. BORON AND BONE TURNOVER.

1.1.10(a) Boron.

Boron is an ubiquitous element in volcanic rocks, water, air and the
earth’s crust. Soil contains boron ranging from 2-100 ng /g, rock 5-100 ug/ g,
seawater 0.5-9.6 pg/ml and fresh water 0.01-1.5 pug / ml (Wood, 1994).
Boron enters the human food chain via water, fruits, green vegetables and
meats. Associated with pectin, it is essential for vascular plants as a component
of cell walls as it stabilises the cell membrane. It is required for the efficient
growth of pollen tubes and is involved in membrane transport, stimulation of
H'-pumping ATPase activity and K* uptake. Boron may be involved in cerebral
function via its effects on the transport across membranes and therefore may
influence behaviour (Naghii & Samman, 1997). It affects the synthesis of the
extracellular matrix and is beneficial in wound healing and some boronated
compounds have been shown to have potent anti-osteoporotic activities in
animals (Hunt, 1994). Boron concentration greater than 9000 pg/ g in the soil, is
toxic to plants. Boronated derivatives are also used as herbicides.

A physiological level of boron reduces urinary excretion of calcium and
magnesium. Boron increases the influence of 17 B-estradiol on calcium
utilisation during bone mineralisation (Neilson, 1992). Dietary supplement of
boron increases serum concentration of testosterone and reduces the risks of
bone defects but supplement of 9000 pg/g has toxic effects on the reproductive
functions and can lead to atrophy of the gonads and infertility (Chapin et al,
1994). Deficiency of boron has been linked to increased loss of bone minerals

and reduced bone growth (Loomis & Durst, 1992).
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1.1.10(b) Chemistry of boron (B).

Boron is the 5th element in the periodical table and the only non-metal in
Group IIT and therefore it has many similarities to its neighbours, carbon (C)
and Silicon (Si). However, it differs from C and Si because it has one less (i.e.3)
valence electron. Its ground-state electronic configuration is [He] 2s*2p' with
the first 3 ionisation energies of 800.5, 2426.5 and 3858.7 kJ mol™. There are
two stable naturally occurring boron isotopes, '°B and ''B, which have a
relative mass of 10.013 and 11.02 respectively (Abou-shakra et al, 1989). The
name boron reflects its source (Bor-ax) and its similarity to (Carb-on) i.e. bor-
on = boron.

Boric acid is a very weak acid with a published pKa; of 9.24 and pKa, of
12.74 (Dean, 1979). The electronic configuration, 2s* 2p' reflected in a
predominantly tervalence and bond energies, is such that there is no tendency to
form univalent compounds. Boron will react with fluoride at normal
temperature and is superficially attracted by oxygen but is otherwise inert.

Boron was first isolated from borax and has since been converted into
boric anhydride, borax anhydrous, boric acid, ulexite, colmanite, borax
(Tincal), borax pentahydrate, boron oxides, borates as well as esters of boric
acid and compounds such as borides, boranes and carboranes (Sprague, 1992).

Boron has evolved from its initial use in the gold, glass and food
industries at the beginning of this century, to become an important element for
normal growth and development. Its commercial values have been exploited to
produce toughened glass, ceramics and bleaches for household consumption
(Smith, 1986). During the 1980s, boron was identified as an important element
in animal and human diet with several possible physiological functions
including influencing the properties of cell membrane and maximising the

functions of various hormones involved in calcium homeostasis (Blevins &

Lukaszewski, 1994).
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1.1.10(c) Physiological roles of boron.

While the U.S. diet is reported to contain 1 mg of boron per day (Neilsen,
1992) and Chilean diet about 20 mg (Barr et al, 1993), the average dietary
level is between 2.4-4 g / per day (Iyenger et al, 1988). Mixed diets provide
about 1.5-10 mg of boron per day but with diets rich in vegetables and fruits, a
higher intake can be achieved (Naghii & Samman, 1993). Boron accumulates
in several tissues including bone. 45-75 years old human bones contain between
16-138 pg/ g (Alexander et al, 1951), blood 0.04 - 0.36 pg/ ml and urine
0.040 - 6.6 ug / ml (Imbus et al, 1963). A more recent work suggests blood

level averages 0.097 pg / ml (Clarke & Webber, 1987) and urine 4.3 pg/ ml
(Abou-Shakra et al, 1989). Liver and brain tissues have 3.5 and 4.3 fold
increases compared to fatty tissues (Moseman, 1994). Appendix 2 list the boron
levels in various human tissues and body fluids.

Boronic acids, derivatives of boron, are highly effective in binding serine
proteases such as Hageman factor and thrombin to reduce their activities and
bind with coagulative factors such Ixa, Xa, Xla, XlIa, to increase blood clotting
time (Kettner et al, 1990). Mean cell haemoglobin can be low with an elevated
red blood cell count when dietary boron intake is low but when the diet is
supplemented with boron, the binding of transferrin to high affinity surface
receptors of the plasma membrane of the red blood cell is increased (Nielsen &
Mullen, 1991). This is the first step in the red blood cell accumulation of iron
during haem synthesis within bone marrow which is vital for the production of
healthy haemoglobin (Kaplan, 1983).

Boron influences electrical activities in the brain and a low intake in
mature rats increases the amplitude of brain waves at high frequency and
increases the proportions of total amplitude at low frequency (Penland &
Eberhardt, 1993). Similar results were obtained in healthy elderly humans

where low boron intake was significantly associated with a reduction in
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performance of various cognitive and psychomotor tasks (Penland, 1994).

Animal extracellular matrix and plant cell wall have several similar
properties. Fibrillar framework of cellulose (plant) or collagen (animal) is
maintained in a gel of polygalacturinic acid and rhamnogalacturonate (plants) or
proteoglycans (animal), and both are stabilised by structural proteins (Hirsinger
& Jamet, 1997). The addition of boron to culture medium increases the
production of proteoglycan, collagen and total proteins (Benderdour et al,
1997).

Supplementing diet with boron increases serum 17 oestradiol during
oestrogen therapy. However, it is not clear whether boron increases oestrogen
absorption from the gastro-intestinal tract, reduces urinary excretion or delays
breakdown (Nielsen, 1992). The increased blood level of boron is synonymous
with an increase in copper and ceruminoplasmin levels during oestrogen therapy
indicating perhaps that boron may be mimicking oestrogen (Davis & Mertz,

1987).

1.1.10(d) Boron and ageing.

Work on Drosophila, shows that very low as well as very high boron diets
accelerated the ageing process. Boron levels are raised during the
developmental stage, in apple peel and in egg shell and may possibly be related
to some protective function during growth and development stages and may
increase resistance during the ageing process (Massie, 1994). A very high boron
level is toxic to the gonads and may reduce bone mass through reduced sex
hormones.

A physiological amount of dietary boron modulates energy substrate
utilisation and influences the roles of vitamin D3 in cartilage mineralisation for
which large energy provision is required. 17 oestradiol and boron actions are
interrelated either by increasing each other’s potentials or by mimicking each

other’s functions particularly those that alter plasma membrane function in the
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production of red blood cells and bone cells (Benderdour et al, 1997). Dietary
intake of 0.5 mg / day of boron provides optimum maintenance of cellular
integrity, various enzymes, minerals and hormone activities for health (Nielsen
et al, 1987). In addition, this amount which can be easily obtained from diets
rich in fruits and vegetables, induces changes in postmenopausal women
consistent with prevention of calcium loss and bone demineralisation (Volpe et
al, 1993). Although boron is easily absorbed from the gastrointestinal tract and
excreted in urine, uptake into the kidneys, liver, brain and particularly bones can
occur, and 1n chronic conditions, may have adverse health reactions (Litovitz et
al, 1988).

Several studies in animals suggest that boron and their derivatives
possess anti-osteoporotic effects but these have not been investigated in

humans.

1.1.10(e) Boron and bone turnover.

Chicks fed with boron, fluoride and nickel, have showed an increased
bone growth (Hunt & Neilsen, 1981). Boron deprivation depresses the growth
of chicks when dietary cholecalciferol is deficient due to an interaction
between boron and cholecalciferol affecting plasma alkaline phosphatase
activity (Hunt & Neilsen, 1981).

Responses to stressors are markedly reduced when the boron level is low
(Penland, 1994). During low magnesium, calcium and cholecalciferol levels,
effective functioning of the skeleton, brain and kidneys will be reduced if the
level of boron is lower than the physiological ranges (Mc Coy et al, 1994).
However, boron supplements of 3 mg / day increases the levels of plasma
calcium, 1,25 hydroxyvitamin D, B-oestradiol and testosterone in subjects with
low boron level (Mastromatteo & Sullivant, 1994) while urinary calcium
excretion, serum calcitonin and osteocalcin concentrations will be reduced

(Nielsen, 1990). The precise physiological role of boron in bone 1s not clear but

61



the fact that boron also decreases the level of calcitonin, a hormone generally
considered to prevent bone loss, is contrary to expectations ( Nielsen, 1990).

Increasing dietary boron decreases elevated plasma glucose
concentration by 29 % compared to only 6 % in a vitamin D3 control group
(Muessig & Hunt, 1991). When chicks’ diet, deficient in vitamin D3 and
magnesium, is supplemented with boron, the process of cartilage calcification
increases due to increases in plasma calcium and magnesium levels (Hunt,
1994).

In women between 48 - 82 years old, boron supplements in their diet
reduce urinary excretion of calcium and magnesium as well as elevating blood
17B oestradiol and testosterone levels. However, rats given increased boron
(300 mg / L) in drinking water show an 30% reduction in plasma alkaline
phosphatase activity and reduced volume of spongy and osteoid bone tissues

suggesting an underfunctioning of osteoblast (Seal & Weeth, 1980).
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1.1.11. Cortisol and bone.

1.1.11(a) Biosynthesis, metabolism and excretion of cortisol.

During stress, a large amount of cortisol is produced and released by the
adrenal cortex. Stress increases adrenocorticotropin hormone from the pituitary
gland which stimulates the synthesis and release of cortisol from the fasciculata
cells of the adrenal cortex. Cortisol secretion can also be stimulated by
activation of the hypothalamus-pituitary-adrenal axis. About 80 % of cortisol
circulates in plasma as 17-hydroxycorticoids and about 20 % as cortisone and
11-deoxycortisol. The liver concentrates cortisol into a water soluble form,
about 20% of this is excreted in faeces and the rest is filtered by the kidneys of
which 90% is reabsorbed and the rest excreted in urine.

Blood cortisol can be free or bound to globulin and albumin. Under 1 %
of total blood cortisol is free and available for renal filtration. During increased
stimulating of the adrenal cortex, the cortisol level increases, and once the
maximum binding capacity of these elements has been reached, the free cortisol

level will increase and therefore urinary excretion will also increase.

1.1.11(b). Cortisol and bone turnover.

During stress, a large amount of cortisol is produced very quickly to help
the body cope with and adapt to the damaging effects of the stressor (fig.1.8).
An individual who is stressed either displays an active or passive behavioural
response; the active response is associated with high neurosympathetic activities
in which large amounts of catecholamines are produced to mediate coping
strategies while the passive response produces large amounts of cortisol to
sustain these over a longer period (Ohl & Fuchs, 1999).

Cortisol has a biphasic effect on bone. Physiological concentration
maintain osteoblast functions and increases production of collagen by raising

the number of somatomedin receptors to promote somotomedin-induced
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collagen formation. In contrast, it can also inhibit replications of cells which
synthesise type-1 collagen and down regulate collagen gene expression in
osteoblast (Canalis, 1983) as well as decreasing bone mass (Hosking, 1993).
Bone mass is also lost with continued admniinistration of the synthetic
prednisolone possibly mediated by an increase in PTH in response to

impairment of intestinal calcium absorption (Lukert & Raisz, 1990).
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Fig. 1.8. Cortisol production during fracture of the tibia and fibula
(stressor) (Guyton A. 1997).

Raised glucocorticoids slow down maturation of osteoblasts, depress calcium
and phosphate absorption from the alimentary tracts and reduce calcium and
phosphate reabsorption from the glomerular filtrate. This negative calcium and
phosphate balance is followed by secondary hyperparathyroidism (Libanati &
Baylink, 1992). Cortisol magnifies the effects of catecholamines in inducing

vasoconstriction in extremely stressful situations (Ohl & Fuchs, 1997).
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When synthetic cortisol compounds are administered to patients, other
physiological responses such as anti-inflammatory and immunosuppression
have been reported (Bray et al, 1994). Glucocorticoid decreases insulin-like
growth factor 1 (IGF-1) and messenger ribonucleic acid (mRNA) reducing
collagen synthesis and bone formation (Delany et al, 1995). On the other hand,
Kream et al, (1997) and Pandipati et al, (1988) suggested that glucocorticoids
stimulate bone formation by inducing differentiation of a preosteoblast
progenitor into osteoblast and by increasing transportation of sodium-dependent

ascorbic acid into osteoblasts, an essential step in osteoblast differentiation.

1.1.12. Catecholamines and bone.

1.1.12(a) Biosynthesis, metabolism and excretion of catecholamines.

Noradrenaline, adrenaline, dopamine and serotonin are released during
stress ( Clancy & McVicar, 1995; appendix 3). Tyrosine is the major precursor
of noradrenaline, adrenaline and dopamine (fig.1.9), while serotonin is
produced from tryptophan.

Noradrenaline and adrenaline are synthesised from tyrosine in
adrenalinergic nerve terminals and in the adrenal medulla by tyrosine
hydroxylase using molecular oxygen, reduced pteridine cofactor and ferrous
ion. They are stored in local vesicles and if not taken up, some will spill over
into blood, while the rest will be metabolised by monoamine oxidase (MAO)
and catechol-O-methytransferase (COMT) into the biologically inactive
compound 3 methoxy-4-hydroxymandellic acid. This element represents 95% of
catecholamines in urine and about 5% is free catecholamines (St. John-Dixon
& Woolf, 1988). The levels of these hormones in blood are largely influenced
by their production from the adrenal medulla and spill over from adrenergic
nerve endings.

Dopamine is made from tyrosine in dopaminergic neurones by tyrosine
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hydroxylase using reduced pteridine cofactor, molecular oxygen, ferrous ion
and L-dopa decarboxylase. Significant amount will reach the blood but most of
it 1s stored in locally vesicles and released into blood during stress. It is
metabolised by MAO and COMT into 3-methoxy-4-hydroxyphenylacetic acid

and homovanillic acid and less than 5% excreted in urine as free dopamine.
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Fig. 1.9. The metabolism of catecholamines. (Hall R. & Besser M. 1989).

Serotonin is biosynthesised from tryptophan by tryptophan hydroxylase

in cytoplasm of serotonin neurones and in chromaffin cells in the presence of
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molecular oxygen and reduced pteridine cofactor and stored locally (Devlin,

1997; fig.1.10).
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Fig.1.10. The biosynthesis of serotonin (Hall R & Besser M. 1989.

Some of this will be stored locally in neurons but almost all circulating
serotonin concentration is contained, in special granules, within platelets.
During platelets aggregation, serotonin is released which causes local
vasoconstriction (Riddle et al, 1981). Serotonin may also enter blood as a spill
over from neurones secreting serotonin as the neurotransmitter. Excess is
inactivated by MAO and excreted as urinary 5-hydroxyindolacetic acid (5-
HIAA) and represents the bulk of plasma serotonin as a very small amount

appears as free serotonin (Greenspan 1991)

1.1.12 b. Catecholamines and bone turnover.

Prolonged stress increases the level of these neurotransmitters and
hormones (Clancy & Mc Vicar, 1995). High levels of these chemicals, have
been linked to certain diseases such as stomach ulcers. There is very little
information available on the direct or indirect effects of these hormones on the
bone. Much of what is available refers to bone changes mediated through
cytokines which can be influenced by these chemicals. Rheumatoid arthritis
may also result from increased productions of several lymphokines in direct
response to stress hormones (Kirkham, 1991). IL-1 increases production of

adrenocorticotrophin (ACTH) ( Porth, 1994), IL-6 (Jirkk et al, 1989),
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prostaglandins-E; and -I, ( Rossi et al, 1985) and stimulation of chondrocyte
stromelysin which, collectively increase bone resorption and reduce collagen
synthesis (Harris Jr., 1990). Noradrenaline, adrenaline and cortisol are
associated with inhibition of fibroblast proliferation in human subjects in
surgical stress (Saito et al, 1997).

Recent work by Cologer- clifford et al, (1999) showed that inter-male
offensive and aggressive behaviour is facilitated by gonadal steroids but
inhibited by serotonin. Administration of serotonin precursor L-5-
hydroytryptophan elevates cortisol production (Hudgel & Gordon, 1997). High
level of serotonin cause generalised deposition of calcium in the kidneys and
cutaneous tissues ( Klimiuk et al, 1989). The dopamine metabolite,
homovannilic acid, is elevated in alcoholics who relapsed indicating that
increased dopamine may be associated with an increased alcohol level.

Should catecholamine levels become higher, for example during stress, a
corresponding increase will be seen in urine. Similarly, as the free blood level of
serotonin is increased so would the urine level. In addition, free and conjugated

catecholamines are passed in urine which reflect plasma levels.
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1.1.13. OSTEOPOROSIS.

Osteoporosis is a systemic skeletal disease characterised by low bone

mass and microarchitectural deterioration of bone tissues leading to enhanced
bone fragility and a consequent increase in risk of fractures (Consensus
Development Conference, 1993). There are parallel losses of both organic
matrix and mineral contents. The composition of osteoporotic bone remains the
same but its mass is reduced. These diseases can be classified as primary or
secondary based upon associated pathologies. The rate of osteoporotic
fractures is generally increasing, particular fractures of the hips which is
associated with the highest mortality and morbidity. About 25% of those who
have hip fractures die within 6 months while about 50% are incapacitated (Fig.
1.11).

The National Osteoporotic Society, in its annual report of 1998/1999,
reported over 3 millions sufferers in the United Kingdom with 1 in 3/4 women
and 1 in 12 men falling victim to this progressive bone disorder resulting in
60,000 hip fractures, 50,000 wrist fractures, 40,000 spinal fractures and over
50,000 other fractures annually. This report suggests that the incidence of
osteoporosis which is higher in post-menopausal white women and in the
elderly of both sexes than black men and women, is increasing every year. The
incidence of osteoporosis in children is non-existent. The National Health
Service (NHS) spends over £980 millions every year just coping with the basic

consequences of these fractures.

1.1.13(a) Primary Osteoporosis.

Primary osteoporosis is subdivided into juvenile, pre-menopausal, post-

menopausal and senile osteoporosis.

Juvenile Osteoporosis.

The cause of juvenile osteoporosis is unknown. Experimental trials with
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trabecular bone coupled with oestradiol deficiency. Spinal osteoporosis and
Dowager’s hump are common due to weakening of the vertebrae. Osteoporosis

also affect males who lack testosterone. The incidence in males is 5% compared

to 100% of post-menopausal women.

Senile Osteoporosis (Type 2).
Type 2 osteoporosis causes a proportionate loss of both cortical as well
as trabecular bone tissues in people over the age of 75 years (Riggs & Melton,

1986). Elderly women are, again, at greater risks from related fractures than are

men.

1.1.13(b) Secondary Osteoporosis ( Disease-induced).

Secondary osteoporosis occurs when there is a well established disease-
related risk factor for fracture or low bone mass. Several diseases and drugs,
used in medical practice, are strongly implicated in the aetiology of secondary

osteoporosis. These are listed below (table 1.1).

1.1.13(c) Osteoporosis and bone changes.

Osteoporotic bones remain, characteristically, the same in their outward
appearances as those of healthy bones but their strength 1s reduced. There are
minor adaptable characteristics in these bones although the trabecular and
cortical bones retain their internal structures. While bone tissues are lost from
cortical as well as trabecular tissues reducing bone mass overall, the remaining

bone tissues become thicker to compensate for the weakness (Fig. 1.12a & b).
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Table 1.1. Aetiology of osteoporosis.

Genetic
1. Female gender
2. Advancing age
3. Race
Lifestyles
1. Inactivity (bed rest, weightlessness)
2. Excessive exercise
(secondary amenorrhoea)

Dietary disorders

1. Milk intolerance

2. Vit. D deficiency (ricket)

3. High protein diet

4. Lifelong low dietary calcium
Sex hormone deficiency

1. Premature or surgical menopause
2. Testosterone deficiency
Endocrine disorders

1. Cushing's diseases

2. Thyrotoxicosis

3. Addison's disease

Bone and bone marrow diseases

1. Metastatic carcinoma
2. Myeloma
3. Haemophilia

Kidney or liver diseases

1. Renal failure / dialysis
2. Hepatic / cirrhosis
Drugs

1. Glucocorticoids

2. Heparin

3. Immunosuppressants ( methotrexate)
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4. Petite and lean body mass
5. Positive family history

6. Early menopause

3. Smoking
4. Alcoholism

5. Vit.C deficiency

(scurvy)
6. High protein diet

3. Amenorrhoea / polycystic

ovaries

4. Hypopituitarism
5. Diabetes Mellitus
6. Acromegaly

4. Leukaemia
5. Lymphoma

6. Thalasaemia

3. Aluminium overload

4. Anti-convulsants

5. Antacids (aluminium-
based)



(1) 30 - 40 years (2) 80 years

Figs. 1.12(a) Cortical bone: bone tissues lost from inside of bone and small

amount of bone tissue added externally to adjust in old age (Birdwood G,
1996).

(1. tissue loss from inside bone 2. tissue added on external surface ).

The collagen matrix is normal in appearance and fully mineralised but matrix
volume is depleted with slower mineralisation. Bone remodelling continues to
be controlled and influenced by the same factors involved in normal bone
formation, but, osteoclastic bone resorption is slightly raised and progressively
increases, a common feature of age-related osteoporosis. These cells continue tc
remodel osteoporotic bone and strengthen existixigi*bone (Figs. 1.13(a&b) &
1.14(a&b). Trabecular bone mass may fall by between 6-8% per decade startin
from about the fourth decade of life in both sexes but is more steep in
postmenopausal females. Cortical bone mass is reduced by 3% by the age of 45

in both sexes to 9% by mid-seventies.
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(D) ()

Fig. 1.12(b) Trabecular bone: bone tissues lost and become thinner;
thickening in old bones to compensate for lost tissues.
( 1. as the tranverse trabeculae become progressively thin and disrupted, 2.

thickening of some vertical trabeculae compensate for the loss).

There is also a continuous fall in total body calcium following menopause
when sex hormone production is simultaneously reduced. In osteoporotic bone,
the tiny but rigid plates forming the honeycomb matrixes gradually become
thinner and rod like, and the spaces between them become larger. The bone thus
becomes more porous, less dense, weaker and fractures easily from minor

traumas and stresses that would ordinarily have no ill effects.
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Over time, minute crushed fractures occur in the vertebrae of the spine and
curve the spine resulting in the humped back and a bent posture which can
be observed in many elderly people afflicted with osteoporosis (Guyton,
1997). The bones of the hip and forearm are also especially vulnerable to
fractures. The other symptoms of osteoporosis are loss of height and back

pain.
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1.1.14. Costs of dealing with osteoporosis and related fractures.

Osteoporosis is recognised as a multifactorial and complex disorder
characterised by an asymptomatic reduction in the quality of bone mass
per unit volume. When bone mass becomes too low, structural integrity
and mechanical support are not maintained and fractures occur with
minimum trauma. These fractures typically occur at the hip , in the
vertebral column and forearms (Compston, 1996). It causes loss of
height and chronic pain and may result in severe disability with up to
50% of sufferers who sustain fractures not able to lead an independent life.
The fear of fractures, spinal deformities, loss of self-confidence and low
self-esteem, social 1solation, depression and poor quality of life are in
general some of the very common consequences of this chronically
debilitating disease.

It 1s difficult to assess the real costs in dealing with fractures
associated with osteoporosis. Undoubtedly, the cost varies from country to
country. However, what seems undisputed is that this cost is significant
and 1s increasing annually (Norris, 1992). About £742 millions was spent
dealing with osteoporotic fractures in the United Kingdom in 1994
(Department of Health, 1994) and in 1998/1999, the cost increased to
£980 millions (National Osteoporotic Society Annual Report, 1998/1999).
In America , the costs of treating fractures in women 45 years old alone
increased from 7.2 billions dollars in 1993 to 10 billion dollars a year later.
About 50% of this cost was incurred through hospitalisation and 40% for
nursing home care but the bulk was for fractured hips (Randell et al,
1995).

Cost is driving the choice of prescription of medical care as the
NHS moves towards a market oriented status. With the emergence of

purchaser - provider practice, many purchasers of health care are selecting
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better cost effective and non-invasive medical care. Osteoporosis results
from multiple factors and remains very difficult to treat and as such,
prevention of fractures should remain the focus for providing a better
quality of life for sufferers. Exercise, modification of the diet and lifestyle

may provide a better and more appropriate prevention regime.
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1.1.15. Aims of Project.

The causes of osteoporosis can be attributed to many factors
including lack of physical activities, hormonal changes and dietary
deficiencies such as calcium, magnesium, trace elements and vitamins. In
addition, stress and diseases may cause transient reduction in bone mass
which may contribute to the causes of osteoporosis. Bone mass increases
rapidly at puberty, under the influence of sex hormones and environmental
factors until the third decade of life when bone mass reaches its
genetically predetermined peak value, thereafter a plateau is maintained
before it is reduced, in both genders, with normal ageing. This decline
occurs earlier in females due to the reduction in sex hormones at
menopause. During this period, bone mass decreases rapidly and bones
become weaker as more of the bone elements are lost in urine. During the
post-menopausal period, there is a high incidence of fractures, particularly
hip 1n the elderly resulting in a high morbidity and mortality. Preventative
measures to promote a greater bone mass or / and slow down the rate of
loss can, therefore, reduce the number of fractures and cost to the national
health service.

The aims of this investigation was to determine the role of boron
and stress hormones in bone resorption in men and women of different
age groups, nutritional status, life style and health status using a non-
invasive method.

The objectives were:
1) to establish possible relationships between boron and bone markers
(calcium , phosphate , magnesium and hydroxyproline) in males and
females of 11-20, 20 - 40, over 40 years old and during pregnancy.
2) to evaluate the relationships between boron, nutritions, life style,

health status and these bone markers.
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3) to analyse the relationships between stress hormones (cortisol,
noradrenaline, adrenaline, dopamine), serotonin and selective nutrients.
4) to establish the relationships between boron, stress hormones and the
bone markers.

5) to propose preventative strategies, based on nutritional and life-styles
changes in order to improve bone mass especially in nurses since they

were one group of the population under consideration.
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MATERIALS AND METHODS.

2.0.0. Introduction.

One hundred and seventy two subjects were placed into 4 groups of
males and females, between the ages of 11-20, 21-40, over 40 years and a
group of women (20-40 years), in their 3rd trimester of pregnancy or up
to 5 days post-partum. The subjects were randomly selected from
secondary schools, student nurses at the School of Health, University of
Greenwich and patients at a local hospital. A validated questionnaire and
a non-invasive approach were used to investigate the relationships
between stress hormones, boron and bone markers, in human subjects of
different age, life style and health status. An early morning urine sample
was collected and cortisol, noradrenaline, adrenaline, dopamine,
serotonin, boron, hydroxyproline, calcium, phosphate, magnesium and
creatinine were determined and correlation established between these

analytes.

2.1.0. Rationale for selecting this subject.

Osteoporosis is characterised by severe structural changes to
ageing bone resulting in severe pain, restricted movements, fractures and
causes enormous sufferings in elderly patients particularly females. There
are a number of causes for these diseases and as certain dietary factors
and life style predispose to these defects, an alternative approach, based
on preventative measures, may be more effective in reducing the

incidence of osteoporosis and therefore, the cost to the National Health

Service.
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2.2.0. Questionnaire (appendix 1).

Questionnaire is a relatively low cost data collection and
processing tool while still maintaining a relatively large sample size. It
gave anonymity to respondents as a third party was involved and avoided
interviewer bias (Dempsey & Dempsey, 1996). However, the answers
were treated cautiously as the respondents were volunteers with no
obligation and may give inaccurate or misleading answers. Accordingly a
pilot study was conducted on a small sample of subjects on its design,
layout and questions to reduce bias, ambiguity, influence and response
set. 27 questionnaires were discarded because of incompleteness or
inaccuracies and inconsistencies mentioned in the discussion.

The questionnaire had 38 questions on personal details, occupation,
health, disease, life style and dietary habits and an additional 12 questions
on the menstrual and reproductive history. This information was then
used to compare the relationships between the details provided in the
questionnaire and the roles of boron and stress hormones in bone
turnover. An information sheet and a consent form were included with
each questionnaire before distribution to all subjects. At each school, the
project was discussed with the head teacher, parents and pupils.

While age (Beck et al, 1993), gender (Finkelstein et al, 1987),
cultures (Gilsanz et al, 1991), amount and type of exercise (Kerr et al,
96), alcohol (Peris, 1992) and caffeine (Keil et al 1990) influence bone
mass, nutrition provides important nutrients, such as calcium and
vitamins, necessary for healthy bone formation. Green vegetables, fruits
and dairy products, provide substrates for production of bone proteins
and micronutrients necessary for satisfactory mineralisation.
Reproductive history, numbers of children borne, menopausal status and
HRT also influence bone turnover (Marcus, 1996) whilst, medical

anomalies such as diabetes and Cushing's syndrome, can cause bone
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damage by interfering with bone remodelling (Birdwood, 1996).

2.3.0. Urine.

Due to ethical limitations, bioclinical assay on urine was selected
as the most reliable method to obtain the relevant data. Early morning
urine sample was best to determine cortisol level due to diurnal variations
in its secretion (Trans et al, 1999). Ideally, 24 hour urine collection is
better but early morning spot test urine is the next best option as generally
there are no significant difference in urinary analytes between these
samples (Wittert & Nordin, 1998 & Stein et al, 1999). Also, 24 hours
urine collection is difficult to obtain (Gawenlock, 1988). Boron is not
stored in the body and any excess is excreted in urine within 120 hours of
ingestion (Jensen et al, 1984). Urinary calcium, magnesium and
phosphate are reliable representatives of their serum levels (Welch et al,
1990). Hydroxyproline is a reliable bone resorption marker although it
can also represent other collageneous breakdown. Spot urine sample is
regularly used to monitor bone breakdown rate in medical practice as it is
less expensive to carry out and is a valuable indicator of the effectiveness
of medical intervention in myeloma, a bone breakdown disorder ( Inoue

et al, 1996).

2.4.0. Access and ethical approval.

A proposal for the study was submitted to the Higher Degree
Research and the Ethic Committees for approval. Written permission
from the Bexley Health Authority Research and Ethics Committee and
permission from Queen Mary’s Sidcup NHS Trust were secured as
patients from this Trust formed the bulk of the over 40 year old subjects.
Written consent from each participant was obtained. If the participant was

a minor, then parent / guardian and teacher were required to give consent.
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2.5.0. Urine analysis.

2.5.0(a) Calcium and Magnesium.

Preparation of reagents and standards.

(a) Trichloroacetic Acid (TCA). A 5% TCA solution was prepared
by dissolving 25g of TCA granules (molecular weight, Mwt. 163.39) in
500 ml of double distilled water.

(b) Strontium Chloride. 2.76g of Strontium Chloride (Mwt.266.62)
was added to this solution before the final solution was made up to 500
ml.

Serial dilutions of a calcium (0.5, 1, 2, 4 and 5 mg/L) and of magnesium
standards (0.1, 0.2, 0.3, 0.4 and 0.5 mg/L) were prepared using a stock
solution of 1000 pg/g (1000 mg/L).

Procedure.

The assay was carried out using the SP-9 (Phillips) Atomic
Absorption Spectrophotometer (AAS). Before the analysis, the instrument
was calibrated and a blank, double distilled water, was used to zero the
spectrophotometer.

Calcium: 0.1 ml of urine was diluted with 5 ml of TCA to obtain

dilution of 51 times. The calcium lamp of the AAS was set at a current of
7 units, with a band width of 1 and wavelength 422.7 nm. A typical
calibration graph is shown in figure 2.1.

Magnesium: All urine samples were diluted 300 times using the TCA
solution. The magnesium lamp current was set at 3 units, wavelength

285.2 nm. and band width at 7.
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A standard was introduced, after every 10 urine samples to ensure
reliability of the procedure. The percentage coefficient of variation
(%CV) of calcium and magnesium were estimated from 10 analyses of
each analytes. At 2.0 mg/L this was 1.2 for calcium and at 0.2 mg/L, it

was 2.8 for magnesium.

2.5.0(b) Phosphate.

Preparation of reagents and standards.

(a) Copper acetate buffer (pH 4). 1.25g copper sulphate crystals
(Mwt. 159.60) and 23g of sodium acetate (Mwt. 82.03) were dissolved in
a final volume of 500 ml acetic acid in the fume cupboard due to the
potential risks of toxic fume inhalation.

(b) Ammonium molybdate. 12.5g of ammonium molybdate (Mwt.
1235.9) was dissolved in 250 ml of double distilled water and stored at
4°C until required.

(c) Rhodol solution. 2g of paramethyl-amino-phenol sulphate
(Mwt. 334.39) was dissolved in 80 ml of double distilled water. 10 ml of
hydrated sulphite with 7 water (Mwt. of solid, 252.19) was added and the
solution was made up to 100 ml and stored in a dark bottle at 4°C until
required.

(d) Standards. 2.1935g of potassium dihydrophosphate (Mwt.
136.09) was dissolved and made up to 500 ml with double distilled water
to give 1g/L of phosphate. Serial dilutions of 5, 10, 20, 30, and 40 mg
/L were made from this stock.

Procedure.

1 ml of the blank solution (double distilled water), standard

solutions or urine samples, which were diluted 51 times with 5%

Trichloroacetic acid (TCA) solution, was added to 3 ml of copper acetate
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A blank of distilled water was used to zero the spectrophotometer
and using the serial dilutions above, a linear range was obtained. Fig.2.4
shows a typical standard curve for boron. One of the standard dilutions
was run after every 10 urine samples followed by washing of the column

with double distilled water to remove residual contaminant.
2.5.0(d) Hydroxyproline.

Preparation of reagents and Standards.

(a) Oxidant solution. 500 ml of a 7% (7 gm/100 ml) aqueous
solution of chloramine T (Mwt 227.65) was made up, using 35 gm of
chloramine T dissolved in 500 ml. of double distilled water. This was
stored in a dark bottle in cold room at 4 ° C until required.

b) An acetate / citrate buffer at pH 6 was made by dissolving 57
gm. of sodium acetate (3H,0), Mwt 82.03), 37.5 gm. of sodium citrate
(Mwt 60.05) and 5.5 gm. of citric acid (Mwt 210.14) in 385 ml. of
isopropanol which was finally made up to one litre with double distilled
water. Just before the start of a series of hydroxyproline determination,
the aqueous chloroamine T solution and the acetate/citric buffer were
mixed in the proportions of 1: 4 to form the oxidant solution.

(c) Ehrlich’s reagent solution. P-dimethylamino-benzaldehyde -
methol ( Mwt 149.19) was dissolved in 70% perchloric acid (Mwt
100.46) in a proportion of 2 gm. to 3 ml. of acid. This solution was made
up fresh before the start of each series of analysis.

(d) Isopropanol.

Before the start of each series of determinations, solutions (c) and (d)
were mixed in the proportions of 3 volumes of (¢) to 13 volumes of (d) to
form the final Ehrlich's solution.

0.04 gm. of hydroxyproline (Mwt 131.11) was made up to 100 ml.
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for 10 minutes at 4000 r.p.m.

2) The top aqueous layer was removed using a glass pasteur-pipette and
discarded.

3) The remaining lipid layer was washed three times using doubled
distilled water :-

a) 1 ml of the deionised water was added to the lipid layer, vortexed and
centrifugation at 4000 r.p.m. for another 10 minutes. The top layer was
removed and discarded after the each wash.

4) After the final wash, the bottom layer was then reduced to dryness
using nitrogen and stored at -20° C until required for analysis, within 2
weeks. Due to the dangers of dichloromethane fumes , the entire
procedure was carried out in the fume cupboard.

Preparation of the mobile phase.

The mobile phase was prepared by mixing HPLC grade methanol
and double distilled water 1n a ratio of 6:4. The HPLC system consisted
of a spherisorb 50DS column of 25 cm x 4.6 mm, a LC-RA liquid
chromopac pump, a Pye Unicam PU 4025 ultraviolet detector at 254 nm
with an output filter at 0.5 second, range of 0.01 and back off course
setting at 5 and a 33924 Hewlett Packard integrater. The mobile phase
was gassed with helium at a fast flow rate for 20 minutes then
continuously at a lower rate. A blank sample of pure HPLC grade
methanol, a sample of mobile phase and serial dilutions of standards were
ran before the samples were analysed. One of the standard solutions was
placed , randomly, among the urine samples to ensure the set parameters
were not altered during the run.

Procedure.

The dried urine extract was resuspended in 75ul of the mobile
phase solution and 20pul of the sample used for the analysis. The mobile

phase was pumped through the HPLC system (fig 2.7a) at a flow rate of
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integrator at a chart speed of 5 mm per minute.

2.5.0(g) Catecholamines.

Urinary catecholamines were determined by also using the high
performance liquid chromatography (HPLC). Catecholamines were
extracted from urine using activated alumina and separated by reverse
phase ion-pair chromatography with an electrochemical detector.
Equipments.

Waters Intelligent Sample Processor (WISP™) 710B was used
with an automatic sample injection module incorporating a WISP
cooling module, a Hichrom 5um analytical column 250x4.6 mm (serial
number S50DSZ-11873), Water's (model 590) water pump with a
programmable solvent delivering system, a Hewlett Packard integrater
(model 3392A) and an electrochemical detector, (L-ECD-6A) set at STD,
range of 32 and potential of +0.76 mV.

Collection of urine samples for catecholamine analysis

7.5 ml of the early morning urine samples collected from all
subjects was transferred to clean labelled plastic tube containing 0.5 ml
of concentrated hydrochloric acid (11 mol/L) to prevent bacterial growth
and stored in a freezer at -20°C. All the reagents and chemicals used
were HPLC-grade and obtained from Sigma.

Preparation of the urine sample.

1) The acidified urine samples were thawed at room temperature.

2) 5 ml of the thawed urine was transferred into a clean 50 ml
beaker.

3) 15 ml of di-Sodium EDTA (1g/L) was added to the urine and
filtered

4) The pH of the mixture was adjusted to 6.5 using NaOH.

5) 100ul of the internal standard DHBA (5 mg/L) was then added

96



to the mixture.

6) The mixture of urine, EDTA and DHBA was poured over a
column of ion- exchange resin (Bio-Rex 70).

7) The column was then washed twice with deionised water and the
eluate discarded.

8) The catecholamines and 5 HT attached to the ion-exchange resin
were then eluted with 5 ml of boric acid (40g/L), followed by 5 ml of
perchloric acid (0.5 mol/L). The final eluates were collected and stored at
-20° C and used within 2 weeks.

Bio-Rex 70 Cation-Exchange Resin.

Bio-Rex is a weak cation-exchanger with a carboxylic acid
functional group which binds positive charged catecholamines and 5 HT
in urine . In order to purify the urine samples “clean resin” was used. The
flask containing the “clean resin” was shaken to ensure thorough mixing .
5 ml of this resin was then added to the column and allowed to settle to
the 3 ml mark on the 5 ml Econo-column (fig. 2.8). The used resin was
recycled by washing it out of the column with water into a container
and treated as follows:

1) After it was settled, the top layer of water was discarded.

2) Hydrochloric acid (3 mol/L) was added to the resin in ratio of 2:1 and
thoroughly mixed for 10 minutes and allowed to settle . The top layer of
hydrochloric acid was removed and discarded .

3) Step 2 was repeated using sodium hydroxide (3 mol/L) , then with
acetic acid (3 mol/L) and finally using phosphate buffer (0.1 mol/L)

4) The pH of the “cleaned resin” was adjusted to 6.5 . and stored until
ready for use .

Preparation of the mobile phase buffer.

This buffer contained the followings:

1) 15.6g sodium dihydrogen phosphate (0.1 mol/L)
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2) 0.0372g EDTA (0.1 mol/L)

3) 0.065g sodium octanesulphonic acid (0.3 mol/L) and

4) 140 ml HPLC-grade methanol.

5) The pH was adjusted to 3.4 and the solution made up to 1 litre with
de-ionised water and pH checked again to ensure it was 3.4.
Preparation of Catecholamines Stock Standards.

A fresh stock solution of standard catecholamines was prepared by
dissolving 0.015g of noradrenaline (Mwt. 319.3), 0.015g of adrenaline
(Mwt. 333.3) and 0.0043 ¢ of dopamine ( Mwt. 189.6) in 500 ml of
perchloric acid (0.1 mol/L). A separate standard for serotonin (Mwt
212.7) was made by dissolving 0.0043g of 5 HT in 10 ml and diluted 500
times in HPLC-grade perchloric acid (0.1 mol/L) containing the anti-
oxidant, sodium sulphite (0.4 mmol/L). From these standards, five serial
dilutions were prepared using 100 , 200 , 400, 800 and 1000 pl for NA
and AD, five dilutions of 500, 1000, 1500, 2500 and 3000 pl for DA and
100, 150, 200, 250 and 300 pl for serotonin (SHT). 100 pl of
dihydrobenzylamine (DHBA) was added to each standard as an internal
standard and made up to 10 ml (Table 2.1). These final working
standards were injected prior to and at intervals during the analysis of
urine samples to monitor reproducibility of the individual catecholamine
response. Figures 2.9, 2.10, 2.11 and 2.12 show a typical standard graph
for these catecholamines and serotonin respectively. At 200 ng/L, %CV

was 4.1 and 3.8 for NA and AD respectively; n=5.
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Table 2.1. The volumes of working standards of catecholamines

and serotonin used.

No. DHBA NA & AD DA stock 5 HT stock
volume pl stock ul ul ul
1 100 100 500 100
2 100 200 1000 150
3 100 400 1500 200
4 100 800 2500 250
5 100 1000 3000 300
(All made up to a final volume of 10 ml).
RUM 3 8
WORKFILE ID: B
HORKFILE WANME:
HEIGHTZ
RT HEIGHT TYPE AR/HT HEIGHTZ
4.89 118674 PY 1.600 36.291
5.64 67913 144 9.936 26.768
6.69 91711 vy 1.201 15.813
.09 35731 Yy 8.863 18.933
L= 11.62 52961 88 Q.623 16.196
TOTAHL HGHT= 327910

NA AD DHBA

1.8

NUL FACTOR= 1.Q00RE+89

Fig. 2.13. A typical chromatographic recording of urinary
NA, AD and DA.
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RIN & 7
HORKFILE ID: B

NORKFILE NAME :
HEIGHTX
RT HEIGHT TYPE AR/HT  HEIGHTZ
4.89 111122 PY 8.922 46_.833
5. 47 . 39866 VB 0.995 16.868
8.a3 13864 BY 0.58 5.820 .
27 47 72384 PB  9.898 38.518
. ™
TOTAL HGHT= 237189 -~

MUL FACTOR= 1 0068E+00

4.8

Fig.2.14. shows a typical chromatographic recording of urinary
serotonin (5 HT).

2.5.0(h) Relationship between plasma and urinary catecholamines.

Previously, it was shown that urinary catecholamines (NA, AD and DA),
increased as plasma levels were raised after exercise (30 minutes at

moderate intensity). Table 2.2, clearly, indicates that urinary

catecholamines may reflect plasma levels. Thesé bioamines are released
into blood from the adrenal medulla and as spillover from the sympathetic

nerve endings and cleared by the kidneys. As a result, urinary
catecholamines were used as a good biochemical index of stress in all

subjects. This also reduces the effects of stress from taking blood

samples.
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Urinary levels of calcium, magnesium, phosphate, boron,
hydroxyproline, cortisol, noradrenaline, adrenaline, dopamine and serotonin
were analysed and related to age, gender and pregnancy. Bone markers
(calcium, magnesium, phosphate and hydroxyproline) were then correlated
with stress hormones (cortisol, noradrenaline, adrenaline and dopamine),
serotonin and boron. All analytes were compared between alcohol / low-alcohol
drinkers, stressed / non-stressed, those performing more / less than 3 sessions of
weight-bearing exercise per week, vegetarians / non-vegetarians, vitamins
supplements (multivitamins and vitamins C) takers / non-takers, those suffering
/ not suffering from the bone diseases (osteoarthritis -O/A and osteoporosis-
O/P), those with / without a family history of these bone diseases, smokers /
non-smokers, those on / not on contraceptive pill, women with / without
previous pregnancy, those with / without hysterectomy, pre-menopausal / post-
menopausal women, those on / not on HRT and subjects taking / not taking anti-
inflammatory drugs (aspirin and voltarel) within the same group, between
genders of the same age and between pregnant and non-pregnant women of 20-

40 years old group. All urinary analytes were expressed as ratio to creatinine.

3.1.0. The effects of age, gender and pregnancy on urinary analytes.

3.1.0(a) Urinary calcium.

In general, calcium levels increased with age in both genders, but
significantly greater in the pregnant women compared to F <20, M <20 and
F20-40 (P<0.05). It was highest in F>40 followed by pregnancy (fig. 3.2). In
F>40, it increased significantly by 62% and 65% (P<0.05) when compared with
F<20 and F20-40 respectively. In M>40, it increased by 45% when compared
with M<20 (P<0.05) and by 10% compared with M20-40. The levels in M<20
were 14% higher than in F<20; in M20-40 it was 51% higher than in F20-40

and in M>40 it was 17% lower than in F>40. In pregnant women it was
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3.2.0. Correlation between urinary boron, stress hormones, serotonin and

bone markers.

3.2.0(a). Introduction.

In this section, urinary levels of boron and stress hormones (cortisol,
noradrenaline, adrenaline, dopamine) and serotonin were related to the urinary
levels of well-known bone markers (calcium, magnesium, phosphate and
hydroxyproline). The levels of boron were also correlated with those of the
stress hormones and serotonin of the main groups of males, females and
pregnant women and of the sub-groups (F<20, F20-40, F>40, M<20, M20-40
and M>40).

3.2.0(b). Urinary boron and bone markers.

There was no significant correlation between urinary boron and calcium
in any of the main groups, however, there was a positive trend in the pregnant
group (¢ = 0.105), the main male group (* = 0.143), M20-40 (r* = 0.199),
M>40 (r* = 0.240) and F<20 (r* = 0.159). There were positive correlations
between urinary boron and magnesium in F20-40 (”* = 0.468, P<0.025), M20-
40 ( = 0.510, P<0.01), M<20 (r* = 0.6991, P<0.0005,), positive trend in F>40
(* =0.183) and between boron and phosphate in the main male group (r* =
0.334, P<0.005 ), M<20 (* = 0.6208, P<0.005, fig. 3.9), M20-40 (* =0.580,
P<0.005) and M>40 (* = 0.365, P<0.05). There was no significant correlation
between boron and hydroxyproline in any of the groups.
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3.3.0(c). Urinary phosphate and alcohol intake.

The levels of phospate in F<20 alcohol drinkers were 0.776 +
0.059; M<20 0.897 £0.071; F20-40 0.826 +0.088; M20-40 0.927
+0.079; P 0.745+0.046; F>40 0.774 + 0.063 and in M>40 0.870 +
0.100 mg / mg creatinine and the corresponding levels in low-alcohol
drinkers were F<20 0.926 +0.083; M<20 1.158 + 0.089; F20-40

0.925+0.091; P 0.891+£0.170; and M>40 1.046 + 0.059 mg/ mg
creatinine. These were not significant (P>0.05).

3.3.0(d) Urinary boron and alcohol intake.

The mean level of boron in F<20 alcohol drinkers was 0.933 +
0.106; M<20 0.702 £ 0.109; F20-40 0.898 £ 0.21; M20-40 0.868 +
0.12; P 0.731 £0.14; F>400.881 £ 0.13 and M>40 0.692 +0.11 while
in F<20 low-alcohol drinkers it was 1.225 + 0.163; M<20 1.0074 + 0.14;
F20-40 0.94 +2.0; P0.654 £0.14 and M>40 0984 +£0.17 pg/ mg
creatinine. Overall, urinary boron decreased with age in both genders in
all alcohol drinkers. While the male and female low-drinkers excreted
more boron than the alcohol groups, these were not significant (P>0.05).
However, in F<20 low-alcohol drinkers it was significantly (P<0.05)
higher than in the low-alcohol drinking M<20.

3.3.0(e). Urinary hydroxyproline and alcohol intake.
The mean urinary hydroxyproline level in F<20 alcohol drinkers

was 4.996 +0.589; M<20 4.89 + 0.99; F20-40 6.9 +1.5; M20-40
582+13; P 428+0.65; F>40 4.37 £ 0.52 and M>40 4.27 + 0.65 ng
/ mg creatinine while in F<20 low-alcohol drinkers it was 5.41 +1.11;
M<20 5.45+0.65; F20-40 44+088; P 59113 and M>405.32
+ 1.0 pg / mg creatinine. It was increased in F 20-40 and M 20-40
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subjects who consumed alcohol compared to the low-drinkers in their
respective groups and in alcohol drinkers compared to the low-alcohol
drinkers in both genders and in all age groups except in F20-40 but these
changes were not significant (P>0.05).

3.3.0(f). Urinary cortisol and alcohol intake.

Urinary cortisol levels in F<20 alcohol drinkers were 0.78
+0.13; M<20 0.82+ 0.17; F20-40 0.99 +0.19; M20-40 1.07 +
028;P 1.78 £0.76; F>40 1.87 £0.49 and M>40 was 1.70 £ 0.43
while in F<20 non-alcohol drinkers, they were 0.93 +0.21; M<20
1.08 £0.20; F20-40 0.79+£0.25; P 1.65+ 049 and M>401.21 +
0.68 pug / mg creatinine. Overall, these were higher in male than in
female, but not in pregnant subjects who did not consumed alcohol.

However, with age, these levels were significantly increased (P<0.05) in
F>40 compared to those in F<20 alcohol drinkers.

3.3.0(g). Urinary noradrenaline and alcohol intake.

These levels in F<20 alcohol drinkers were 1.74 £ 0.51; M<20
1.74 £ 0.26; F20-40 1.14 +0.23; M20-40 1.65+0.50; P 1.13 +£0.07;
F>40 1.14 +£0.23, M>401.28 = 0.22 and in low-alcohol drinkers,
these were F<20 1.30+0.27; M<20 1.59 +£0.34; F20-40 1.52 +
0.28; P 1.10+0.21 and M>40 5.83 +3.00 ug/ mg creatinine. They
were decreased with age in subjects who consumed alcohol but increased
in those with a lower intake. However, these changes were not

statistically significant (P>0.05).

3.3.0(h). Urinary adrenaline and alcohol intake.
Urinary adrenaline levels in F<20 alcohol drinkers were 1.12 +
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0.23; M<20 2.86 +0.62; F20-40 1.26 + 0.45; M20-40 1.71 + 0.033; P
1.14 £ 0.15; F>40 2.60 £ 0.73 and M>40 1.90 + 0.54 while in F<20
low-drinkers they were 1.80 + 0.41; M<20 1.76 + 0.59; F20-40 0.91 +
0.12; P2.06 £0.59 and M>40 4.98 +2.10 pg/ mg creatinine. These
levels were increased in females but decreased in male alcohol drinkers,
In contrast, they were decreased in female and increased in male subjects
who consumed less alcohol. There was a clear gender and age difference
in adrenaline turnover, M<20 alcohol drinkers had significantly higher
(P<0.05) adrenaline level than F<20 but in F>40, it was higher than in
M>40 while in the low-alcohol drinkers, it was fairly similar in F<20 and
M<20. During pregnancy, alcohol drinkers had a lower adrenaline level

compared to the low-alcohol drinkers.

3.3.0(i). Urinary dopamine and alcohol intake.

The mean urinary dopamine levels in F<20 alcohol drinkers were
1.999 + 0.281; M<20 1.980 £ 0.330; F20-40 1.133 +0.190; M20-40
1.232 +£0.160; P 1.353 +0.250; F>40 1.419 + 0.200 ; M>40 0.980 +
0.079 and in F<20 low-alcohol drinkers they were 2.259 £ 0.480; M<20
2.380 £ 0.780; F20-40 1.388 +£0.230; P 1.566 + 0.300 and M>40 1.210
+ 0.200 pg / mg creatinine. The levels in all alcohol drinkers decreased
with age for both genders. In all age groups, these were higher in the low-

alcohol drinkers than drinkers but these changes were not significant
except between F>40 and M>40 (P <0.05) alcohol drinkers.

3.3.0(j). Urinary serotonin and alcohol intake.

The mean serotonin levels in F<20 alcohol drinkers were 0.080 +
0.018; M<20 0.088 +0.034; F20-40 0.058 +0.014; M20-40 0.037 +
0.006; P 0.045 £0.012; F>40 0.037 +0.006, M>40 0.055+0.013
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ug / mg creatinine while in F<20 low-alcohol drinkers they were 0.058 +
0.012; M<20 0.112 +0.041; F20-40 0.039 +0.008; P 0.036 + 0.005
and M>40 0.080 + 0.036 ug / mg creatinine. These levels were higher in
female than in male alcohol drinkers and decreased in both genders with

age. However, these differences were not statistically significant
(P>0.05).

3.4.0(a). Urinary calcium and stress levels.

Subjects were asked to assess their level of stress using the
questionnaire (appendix 1). In the stressed groups, the levels in F<20
(n=19) were 0.088 + 0.009; M<20 (n=16) 0.120 + 0.018; F20-40 (n=10)
0.079 +0.026; M20-40 (n=10) 0.153 £ 0.013; P (n=8) 0.127 + 0.023;
F>40 (n=14) 0.117 £ 0.012 and M>40 (n=8) 0.138 + 0.032 while in the
non-stressed F<20 (n=22) they were 0.075 + 0.006; M<20 (n=8) 0.127 +
0.017; F20-40 (n=11) 0.063 + 0.086; M20-40 (n=11) 0.130 £ 0.021; P
(n=13) 0.174 £ 0.032; F>40 (n=8) 0.133 +0.032 and M>40 (n=14)
0.127 £ 0.017 mg / mg creatinine (fig.3.17). In both groups, calcium
levels in F20-40 were significantly lower (P<0.05) than in M20-40 and
in pregnant women, while in male subjects, these levels were higher in
the stress than in the non-stress subjects. However, in the females groups,

this was only observed in the F<20 and F20-40.
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3.7.0(a). Urinary calcium and vitamins supplements.

Subjects taking one or more capsule(s) of multivitamins and
vitamin C supplements daily were placed in one group and compared
with the group who did not take them. Each multivitamin capsule
contained the following: cod liver oil 500 mg, omega-3- nutrients (EPA
42.1 & DHA 37.4 mg), vitamins A 800 ng, D 5pg, E 10 mg, C 60
mg, thiamin 1.4 g, riboflavin 1.6 ng, B 2 mg, B, lpg, niacin 18 mg,
folic acid 200 pug and biotin 00.1 mg.

The mean levels of urinary calcium in F<20 (n=17) vitamin takers
were 0.079 £0.006; M<20 (n=5) 0.071 £0.013; F20-40 (n=13) 0.056
+0.006; M20-40 (n=6) 0.145 £0.017; P (n=10) 0.136 + 0.029;
F>40 0.056 + 0.006 (n=13) and M>40 (n=14) 0.130 +£0.012 and in
the non-vitamins takers they were F<20 (n=24) 0.081 +0.008; M<20
(n=19) 0.120 + 0.015; F20-40 (n=8) 0.095 + 0.031 ; M20-40 (n=15)
0.140 = 0.015; P (n=11) 0.178 £ 0.033; F>40 (n=9) 0.141 +0.028;
and M>40 (n=8) 0.132 + 0.022 mg / mg creatinine (fig.3.31).

In general, calcium excretion was greater in non-vitamin than
vitamin supplement takers except in M20-40. In M<20 and in F20-40
non-vitamin takers, it was significantly higher (P<0.05) than their
respective counterparts. M<20 non-vitamin takers also had significantly
(P<0.05) higher calcium levels than those in F<20. The levels in F20-40
vitamin takers were significantly lower than those in M20-40 (P<0.05)

and pregnant women.
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and in non-vitamins takers they were in F<20 0.865 £ 0.065; M<20
0.989 + 0.068; F20-40 0.887 + 0.088; M20-40 0.943 £ 0.100; P 0.707
0.047; F>40 0.816 £ 0.085 and M>40 0.929 + 0.100 mg/mg creatinine.
The levels decreased, with age, in females who took these supplements

and increased in those who did not, but in male subjects, these trends

were reversed (P>0.05).

3.7.0(d). Urinary boron and vitamins supplements.

The mean levels of urinary boron in F<20 vitamin takers were
1.276 £ 0.21; M<20 0.795 £ 0.19; F20-40 0.74 £ 0.18; M20-40
0.875% 0.13; P0.688%+0.12; F>40 0.766 £ 0.14 and in M>40 0.921
+ 0.14 and in F<20 non-vitamins takers were 0.934 + 0.25; M<20
0.829 £0.11; F20-40 1.19+6 0.25; M20-40 0.862 £0.16; P 0.710 =
0.16; F>40 1.047 + 0.26 and in M>40 0.683 + 0.1 g/mg creatinine. The

levels decreased, with age, in females who took these supplements and

increased in those who did not, but in male subjects, these trends were
reversed (P>0.05).

3.7.0(e). Urinary hydroxyproline and vitamins supplements.
Overall, urinary hydroxyproline levels were higher in females of all ages
who took the supplements compared to those who did not but, were
lower in M<20 who took the supplements while in M>40, they were

higher when compared to their respective counterparts (fig. 3.32).
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3.8.0(b). Urinary magnesium and subjects with a family history of
bone diseases (osteoporosis and osteoarthritis).

In F<20 with a family history of these diseases these were 0.926
+0.082; M<20 0.085+ 0.014; F20-40 0.072 + 0.04; M20-40 0.065 +
0.013; P0.076. £0.017; F>40 0.088 + 0.013 and in those without this
history they were F<20 0.106 +£ 0.012; M<20 0.109 + 0.011; F20-40
0.063 +0.067;, M20-40 0.089 £0.009; P 0.071 £ 0.005; F>40 0.063

+ 0.007 and M>40 0.065 + 0.008. mg / mg creatinine. These changes
were not significant (P>0.05).

3.8.0(c). Urinary phosphate and subjects with a family history of
bone diseases (osteoporosis and osteoarthritis).

The mean urinary levels of phosphate in F<20 with the history of
these diseases were 0.811 +£0.074; M<201.095 + 0.100 ; F20-40 0.832
+0.092; M20-40 0.748 £ 0.170; P 1.112 + 0.360; F>40 0.761 %
0.210 and in F<20 without this family history were 0.899 + 0.069;
M<20 0942 +0.074; F20-40 0.893 £ 0.093; M20-40 0.969 + 0.088;
of P 0.745 £ 0.055; F>40 0.778 £ 0.590 and M>40 0.913 £ 0.085 mg /

mg creatinine. These were not significant (P>0.05).

3.8.0(d). Urinary boron and subjects with a family history of bone
diseases (osteoporosis and osteoarthritis).

Urinary boron levels increased with age in female subjects with the
history but decreased in those without, whilst in male subjects this was
reversed. The levels in F20-40 and F>40 with the family history of these
diseases were significantly higher (P<0.05) than those without but was
significantly lower (P<0.05) in M 20-40 with the history. F20-40 with the

history excreted more (P<0.05) boron than their male counterparts
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3.8.0(f). Urinary cortisol and subjects with a family history of bone
diseases (osteoporosis and osteoarthritis).

The mean levels of cortisol in F<20 without this history were
0.82 + 0.16; M<20 0.785 +0.14; F20-40 0.76 + 0.26; M20-40 1.19
+0.34; P 2.00£0.53; F>40 1.92+0.62; M>40 1.41 +0.33 and in
F<20 with were 0.90 +0.18; M<20 1.12+0.27 ; F20-401.06 +0.17;
M20-40 0.54 £0.097; P 0.52+0.26 and F>40 1.70 + 0.63 pg/mg
creatinine. In general, urinary cortisol levels were higher in subjects with
the bone diseases except during pregnancy. The level in F20-40 with this
family history was significanty higher (P<0.05) than that in M20-40.
Significant findings (P<0.05) were also seen in the pregnant women
without than in those with this history as well as between the F20-40

groups (P<0.05)

3.8.0(g). Urinary noradrenaline and subjects with a family history of
bone diseases (osteoporosis and osteoarthritis).

The mean levels of noradrenaline in F<20 with this history were
1.63 £0.46; M<201.66 +0.37; F20-40 1.34 £ 0.24; M20-40 2.29 +
0.80; P 0.78+0.23; F>40 0.87 £ 0.14 and in F<20 without they were
1.39 £ 0.33; M<20 1.70 £0.24; F20-40 1.23 £0.28; M20-40 1.49 +
047; P 1.20£0.11; F>40 0.87 £ 0.13 and M>40 2.39+ 0.80 pg/mg

creatinine. In all females age groups with this family history, these were

higher than in those without but not significantly (P>0.05).
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3.9.0(b). Urinary magnesium and cigarettes / tobacco smoking.

In F20-40 who smoked heavily these levels were 0.070 + 0.009;
M20-40 0.086 +0.013; P 0.055 +0.006; M>40 0.072 +0.011 and in
the light smoker they were F20-40 0.066 + 0.010; M20-40 0.084 +
0.010; P 0.080 +£0.00 6;and M>40 0.062 + 0.009 mg / mg creatinine.
In pregnant women who smoked heavily it was significantly lower

(P<0.05) than their counterparts, however in the other age groups, these

levels were increased but not significantly (P>0.05).

3.9.0(c). Urinary phosphate and cigarettes / tobacco smoking.

The mean levels of phosphate in F20-40 who smoked heavily
were 0.771 = 0.089; M20-40 1.144 +0.170; P 1.001 £ 0.230; M>40
1.380 £ 0.130 and in the light smokers they were F20-40 0.911 + 0.085;
M20-40 0.840 £0.080; P 0.721 £ 0.041 and M>40 0.837 £ 0.065 mg
/ mg creatinine. The levels in F20-40, who were light smokers, were

significantly higher (P<0.05) than those in the pregnant group.

3.9.0(d). Urinary boron and cigarettes / tobacco smoking.

These results are shown 1n fig. 3.41 and comparison between
heavy and light smokers in the F20-40 and pregnant groups were
significant (P<0.05).
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3.9.0(i). Urinary dopamine and cigarettes / tobacco smoking.

The mean levels of dopamine in F20-40 who smoked heavily were
1.004 +0.110; M20-402.800 £+ 0.480; P 0.785 +0.140; M>40 0.913
+ 0.079 and in F20-40 light smokers they were 1.343 +0.210, M20-40
1.305 £ 0.200; P 1.689 + 0.260 and M>40 1.102 + 0.099 pg/ mg
creatinine. In pregnant women light smokers these levels were
significantly higher (P<0.05) than in those who smoked heavily. However

in general, the levels were higher in subjects of all ages who smoked

heavily compared to those who smoked less (P>0.05).

3.9.0(j). Urinary serotonin and cigarettes / tobacco smoking.

The mean levels of serotonin in F20-40 who smoked heavily were
0.056 +0.016; M20-40 0.028 + 0.005; P 0.030 £ 0.007; M>40 0.061
+ 0.014 and in F20-40 who smoked lightly they were 0.048 + 0.012;
M20-40 0.043 + 0.008; of P 0.046 £ 0.009 and M>40 0.061 + 0.016
pg / mg creatinine. These results were not statistically significant

(P>0.05).

3.10.0(a). Urinary calcium levels for subjects with bone diseases
(osteoporosis and osteoarthritis).

Only F and M>40 reported suffering from bone disorders. The
results are presented in table 3.2. The levels of urinary magnesium,
phosphate, boron, hydroxyproline and serotonin were lower in F>40
with these bone diseases than those without but only the boron levels
were significant (P<0.05) while in M>40, calcium, phosphate, boron,

hydroxyproline,cortisol, noradenaline, adrenaline and dopamine were
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higher in those with the diseases but not significantly (P>0.05). However,
the levels of phoSphate and noradrenaline were significantly higher
(P<0.05) in M>40 with the diseases than in F>40. The level of urinary
adrenaline was significantly (P<0.05) higher in M>40 with the diseases

compared to those without.

3.11.0(a). Urinary analytes levels for women with / without children
and with multiple / first pregnancy.

Women (aged 20-40) with children and those without children as
well as those with multiple and those pregnant for the first time were
compared as pregnancy increases sex hormones and places additional
demands on bone metabolism which in turn can affect bone mass. F20-
40 (n=9) with children were compared with F20-40 (n=12) without any
children. Pregnant women who already had children and were pregnant
again (n= 12) were also compared with those pregnant (n=9) for the first
time. The results are shown in table 3.3. There were no significant
effects except for the followings;

1. calcium and magnesium levels were higher (P<0.05) in women with
children and pregnant at the time of the study compared to women with
children but not pregnant.

2. boron levels during first pregnancy were significantly lower compared
to women without children (P<0.05).

During pregnancy there were increased calcium and magnesium

excretion but urinary boron was significantly reduced (P<0.05).
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3.18.0. Levels of urinary analytes and intake of more / less than 3

types of vegetables.

3.18.0(a). Urinary calcium and intake of more /less than 3 types of
vegetables

Since several subjects consumed vegetables, those eating more
than 3 types formed one group while those consuming 3 and less formed
the other. Although the questionnaire requested quantitative data of each
vegetable consumed, those provided were unreliable and not
comprehensive. Eating a variety of vegetables provides more boron than
those eating less (Hunt, 1994). All F>40 and M>40 subjects ate more
than 3 vegetables.

The mean levels of calcium in F<20 (n=33) eating more than 3
types of vegetables were 0.078 + 0.006; M< 20 (n=16) 0.096 £ 0.016;
F20-40 (n=12) 0.080 +0.022; M20-40 (n=17) 0.154 £0.013; P
(n=14) 0.073 £ 0.029; F>40 (n=22) 0.136 + 0.015 and M>40 (n=22)
0.129 + 0.017 and in F<20 (n=8), eating less than 3 they were 0.091 +
0.011; M<20 (n=8), 0.136 £ 0.017; F20-40 (n=9), 0.068 + 0.010;
M20-40 (n=4) 0.086 +£0.022;and P (n=7) 0.032£0.013 mg/ mg
creatinine respectively (Fig.3.45).

F<20 and M<20 who ate more than 3 types of vegetables had lower
levels of calcium than those who ate less while the levels in the subjects
between 20-40 years who ate more than 3 were higher. Urinary calcium
level in M20-40 who ate more than 3 vegetables was significantly higher
(P<0.05) than those eating less. Furthermore, the level in M20-40 who ate
more than 3 was also significanlty higher (P<0.05) than that in F20-40. In
M<20 who ate less than 3 the level was also higher but not significantly

(P=0.06) compared to F<20. The level of calcium in F20-40 eating more
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+ 0.140; M20-40 1.318 +£0.863; P 1.458 + 0.220; F>40 1.369 *
0.210; M>40 1.012 + 0.080 and in F<20 eating less than 3 they were
2.610 £ 0.900; M<20 1.870 £0.450; F20-40 1.497 £0. 420, M20-40
0.863 £0.140 and in P 1.710 % 0.420 ug/ mg creatinine respectively.
F<20 and F 20-40, as well as pregnant women, who ate more than 3
types of vegetables, had lower urinary dopamine levels compared to their
respective counterparts with significantly (P<0.05) lower level in F20-40

compared to those in the pregnant women, but the trend was reversed in

male subjects.

3.18.0(j). Urinary serotonin and intake of more /less than 3 types of
vegetables.

The mean levels of serotonin in F<20 eating more than 3 types of
vegetables were 0.069 + 0.013; M<20 0.083 +0.023; F20-40 0.052 +
0.013; M20-40 0.062 +0.039; P 0.037 £0.005; F>40 0.040 *
0.008 and M>40 0.065 * 0.014 while the levels for those eating less than
3 were F<20 0.071 £0.025; M<20 0.145 £ 0.006; F20-40 0.060
0.023; M20-40 0.038 +0.018 and in P 0.057 £ 0.020 ug / mg
creatinine. The levels were higher in females subjects in F<20 and F20-40
years old, including pregnant women, who ate less than 3 types of
vegetables compared to their respective counterparts while in male
subjects of similar age, the trend was reversed but none of these were

significant (P>0.05).
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3.19.0. The combined effects of alcohol, stress and weight bearing
exercise on urinary analytes for F<20 and M<20.

The levels of urinary analytes between male and female subjects in

F<20 and M<20, were compared to deduce the relationship between
alcohol, stress and exercise on bone markers turnover. 4 subjects (n = 4)
from M<20 and 5 (n = 5) from F<20 consumed alcohol, were stressed and
did not take weight bearing exercises were placed in group A, while
group B consisted of 7 subjects (n = 7) from M<20 and 10 (n = 10) from
F<20 who did not drink alcohol, were not stressed and took regular
weight bearing exercises. The results are shown in table 3.10. There were
insufficient data in the other groups for this type of analysis.

The levels of the analytes in group B in F<20 were generally
higher than those in group A, except for calcium, magnesium and
cortisol. The levels of hydroxyproline were significantly (P<0.05, fig
3.51) lower in group B than in group A in F<20 and M<20. In group B,
M<20 had significantly higher adrenaline level (P<0.05) than F<20.

While, the levels of calcium, phosphate, hydroxyproline and
cortisol were higher in groups A in F<20; in M<20, the levels of
phosphate, magnesium, boron, hydroxyproline, cortisol, adrenaline and
serotonin were higher. The levels of urinary phosphate, hydroxyproline,
cortisol, noradrenaline and dopamine were higher in group A than in

group B for both F<20 and M<20.
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with ageing with implications for osteoporosis. Dietary calcium is less than
the recommended requirement for most adolescents (Porthmouth et al,
1994) and for elderly people, especially females (Cumming, 1990). In the
elderly, reduction in absorption, due to ageing, may further reduce the
bioavailability of calcium and other essential nutrients for bone health. The
raised serum calcium levels with increased dietary intake increase bone
activity (Birdwood, 1996). Excess plasma calcium results in a
corresponding loss in urine through renal filtration and excretion since the
normal ranges are controlled by a number of hormones. On the other hand,
a lower dietary intake increases the release of calcium from bone and its
reabsorption in the kidneys to maintain the normal levels. Calcium
absorption from the intestines is enhanced by vitamin D (Cooper &
Umbach, 1996). The increased urinary calcium loss with age, in F>40 and
M>40 suggests a greater bone resorption as the dietary intake of calcium
in these subjects appears low (qualitative analysis of information on the
questionnaire and on the trends indicated in the literature - Hallworth,
1998). With a low dietary calcium intake, the secretion of parathyroid
hormone will increase the release of calcium from bone to maintain plasma
level (Forero et al, 1987). This also suggests a decreased intestinal
absorption of calcium as ageing slows down this process (Dawson-Hughes
et al, 1995), or the reduced levels of circulating sex hormones at
menopause causing a decrease in absorption and utilisation of calcium
(Jakob et al, 1997). Reduced levels of sex hormones occur earlier in
females than in males (Rozenberg et al, 1995) and as dietary intake of the
F>40 is largely comparable to those of M>40 (from questionnaire), the
significant reduction in the levels of female sex hormones may have
contributed to the changes in urinary calcium.

Urinary magnesium levels will be increased with dietary intake or
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with excessive release from bone. Although urinary magnesium excretion
increased in F>40 compared to that in M> 40, (not significantly) this may
suggests unrecorded dietary differences or perhaps a greater loss from
bone. The continued loss of magnesium and calcium over a long time in
F>40 could result in severe depletion of these elements from bone and
therefore a decrease in bone mass. The reduced levels of urinary
magnesium in M>40 level may be due to dietary variations, increased
utilisation or reduced urinary excretion.

The increased urinary phosphate levels with age in both genders are
consistent with the findings of Comspton, (1996) who suggested that
kidneys become less efficient in the F>40 and M>40 and therefore are
unable to reabsorb filtrated phosphate. However, it is likely that dietary
intake of phosphate is normal and therefore the increased urinary
phosphate excretion correlates with that of calcium in these subjects
which is consistent with bone resorption in this age group (Nieves et al,
1998).

The levels of urinary boron appear to increase with age in both
genders but the contrasting levels in F 20-40 compared to F<20 and F>40
may be due to variations in the type or amount of vegetables (Moseman,
1994), beer and wine (Hunt, 1994) consumed. A more detailed dietary
survey is therefore necessary to assess boron level intake. In addition,
boron content of foods need to be added to dietary assessment packages to
promote this type of analysis. The increased urinary boron excretion with
age in the female subjects, may be due to the increased consumption of
vegetables in F>40 and vegetables and beer in F<20 (qualitative evidence
from the questionnaires) compared to F 20-40 and thus its excretion

(Moseman, 1994).

Hydroxyproline is a biochemical marker of bone resorption (Russell,
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1997). The increased urinary hydroxyproline levels with age, in women
and men are consistent with an increased bone collagen turnover (Kessler
& Takahara, 1996). A decrease in muscle mass as a result of changes in
body composition, diets and physical activities in the older age groups
could reduce bone mass by promoting the loss of bone. It is also
considerably higher during pregnancy when maternal bone is known to be
under considerable stress due to the increased demands for bone minerals
for foetal development (Tojo et al, 1998). In contrast, hydroxyproline
levels are lower in the younger age groups and this is consistent with an
increased bone collagen formation (Kessler & Takahara, 1996).
Furthermore, as dietary intake of hydroxyproline is usually minimal, the
increased urinary levels in F>40, M>40 and pregnant subjects may
indicate an increased bone collagen turnover (Compston, 1996; Nguyen,
1995).

In addition, poor dietary intake of nutrients, such as ascorbic acid
and vitamin K and reduced absorption from the guts in the elderly may
contribute to the higher loss of hydroxyproline. Ascorbic acid (vitamin C),
a co-factor in the production of hydroxyproline, promotes aggregation of
ribosome in the endoplasmic reticulum to facilitate collagen synthesis
(Devlin, 1997) while vitamin K i1s required for the synthesis of osteocalcin,
a calcium-binding protein needed for mineralisation. In addition, the lower
sex hormones and higher levels of stress hormones in F>40 and M>40
compared to adolescents, may also contribute to the increased urinary
excretion as a result of increased bone resorption.

Bone resorption may be influenced by the increased cortisol levels
in plasma with age and during stress. The significant increases in urinary
cortisol in F>40 and M>40 support the findings of Laroche et al, (1997).

The increased bone resorption will cause a greater loss of bone minerals
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such as calcium and phosphate. Cortisol may inhibit insulin-like growth
factors I and II synthesis and thus promote bone resorption (Bohannon &
Kenneth, 1994) by inhibiting incorporation of proline into hydroxyproline
(Vitto & Teir, 1972). The elevated cortisol levels reduce sex hormone
production by decreasing the hypothalamo-pituitary influence on the
gonads and also reduce oestrone production from adipose tissues resulting
in the loss of bone markers such as calcium and magnesium as well as
hydroxyproline (Lukert and Raisz,1990; Birdwood, 1996). In post-
menopausal women, this effect may be potentiated by an increased
production of melatonin as a result of the low levels of sex hormones
(Cagnacci et al, 1997).

Urinary noradrenaline (NA) increases with age in both male and
female subjects (Kent et al, 1993). Stimulation of the hypothalamic-
pituitary-adrenal axis may be increased in older people indicating a
heightened stress level. The 4 fold increase of urinary adrenaline level in
F>40 compared to F<20 and the 3 fold increase in M>40 compared to
M<20 may imply that subjects over 40 years old are secreting
significantly more adrenaline (Hafez, 1998). From the data, it appears that
F>40 and M>40 subjects are more stressed and therefore possibly more
prone to bone disorders and other stress related diseases.

The decreased levels of dopamine in both genders, may be due to a
general reduction in the number and activity of dopaminergic neurones
with age as a result of damage from age-related metabolites of cumulative
oxidative stress (Sun et al, 1999). It may also indicate that there is a
greater conversion of dopamine to noradrenaline and adrenaline as the
adrenal medulla is a source of dopamine in the peripheral system.
However, further work is needed to elucidate possible mechanisms.

The increased levels of urinary serotonin with age in both genders
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corroborate the findings of Hudgel & Gordon, (1997) that raised
serotonin may contribute to the overall increase in the production of
cortisol in F>40 and M>40. In addition, Tecott et al, (1995) reported
that SHT3, a multiple receptor subtype, is activated by serotonin during
active chondrogenesis in the vertebral column, limbs and craniofacial
region during growth and development. As ageing is related to a decrease
in the rate of chondrogenesis and increase in cartilage loss (Porth, 1994),
the greater levels of serotonin in the elderly, may have other effects such
as regulation of catecholamines. However, the relationships between
serotonin and bone turnover remain unclear and require further work.
The significant decrease in urinary creatinine in F>40 compared to
F<20 and F20-40 is consistent with an age-related reduction in kidney
functions and muscle mass (Baraldi et al, 1998). Creatinine levels are
related to muscle mass and therefore changes may reflect changes in body

composition.

4.1.0(b) Gender.

Male and female have different bone mass due to genetic
differences. The higher urinary calcium turnover in M<20 compared to
F<20 may be related to the increased demand for greater bone growth
associated with male during puberty in whom bone and muscle mass are
genetically bigger (Rozenberg et al, 1995). However, the male subjects on
the whole, consumed more foods than their female counterparts who often
diet to maintain a slim body image to meet aesthetic approval. The
increased urinary calcium levels during pregnancy compared to non-
pregnant women and men of similar ages may be due to hormones changes
and other dietary factors associated with pregnancy (Ortega et al, 1998).

The higher levels of sex hormones and calcitonin may protect against
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excessive maternal bone breakdown during pregnancy in the advent of
reduced dietary intake. In addition, the increased weight gained during this
period may promote bone remodelling.

While urinary magnesium levels increased in F>40, they decreased
in M>40 which may suggest a gender difference. However, gender

differences alone cannot account for these changes since they are not

observed 1n the other age groups. The earlier onset of menopause may
account for some of these changes as in the case for calcium (Goldhill,
1997).

As 17 % of the female subjects were vegetarians, lower phosphate
levels are expected as vegetables are weak sources of phosphate (Fenech,
1998). The increased levels of urinary phosphate with age in both
genders, may be attributed to dietary changes or to an increased release
from bone. Meat diet, with a higher yield of proteins, is a rich source of
phosphate (Spencer et al, 1983) and may account for the higher urinary
phosphate in these omnivorous male subjects.

The absence of gender difference in the levels of urinary boron 1n all
age groups suggests that the absorption, utilisation and excretion of boron
do not vary significantly between male and female (Naghii et al, 1996).
The main sources of boron are vegetables, fruits and water and it is very
likely that these were consumed by all subjects because the omnivorous
males also consumed some vegetables.

There were no gender differences among all the age groups in
respect to cortisol. However, the significantly raised urinary cortisol levels
during pregnancy compared to non-pregnant subjects and men of similar
age may not be due to gender differences but to the pregnancy. The

changes in urinary noradrenaline excretion between genders, within the 3
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age groups, may be due to changes in sympathetic nervous system
activities and therefore the secretion of catecholamines (Hinojosa-Laborde
et al, 1999). During stress, the sympathetic nervous system is attenuated in
females due to oestrogen (Jeong et al, 1999). Felton, (1998) reported that
as nurses work in a highly stressful environment, raised levels of these
hormones are to be expected. In addition, the higher adrenaline levels in
the male subjects may be due to higher stress levels.

It is possible that male nurses are under more stress than the female or that
they are less able to cope with the stressors associated with this type of
job.

Generally, there was no gender difference in the levels of urinary
adrenaline in F>40 and M>40. The older male nurses may be more
experienced and therefore more able to cope with the stressors. However,
the increased adrenaline levels in M<20 and M20-40 compared to F<20
and F20-40 respectively indicate that adolescent and middle-age men
either have a more stressful life or respond differently to stressors or
simply have poor coping strategies. In addition, the regulation of the
sympathetic nervous system in the female subjects, is altered such that
sympatheto-adrenal activation is attenuated or sympatheto-adrenal
inhibition is augmented (Hinojosa-Laborde et al, 1999). Although, female
ovarian steroids are raised before ovulation with local increases in
noradrenaline level, this is subsequently converted to adrenaline through
the increased production and activation of phenylethanolamine-N-
methyltransferase (Murray et al, 1990) but may not influence the
circulating levels of these hormones (Nguyen et al, 1999).

There was no gender difference in urinary dopamine or serotonin
levels between the different age groups indicating that the sex hormones

may not influence these hormones.
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4.1.0(c) Life style and nutritional factors.

Alcohol.

Chronic alcohol abuse is associated with low bone density and high
nisk of fractures, while moderate alcohol consumption may help to
maintain bone density in post-menopausal women by increasing
endogenous oestrogen or by promoting secretion of calcitonin (Feskanich
et al, 1999). High levels of alcohol interfere with intestinal absorption of
calcium by reducing the synthesis of calcium-carrier proteins in pre-
menopausal women and increase catecholamine secretions (Albers, 1990)
by acting as a stressor (Horton et al, 1998). The higher calcium turnover in
pregnant women who consumed more alcohol may result from a
reduction in osteoblast activity (Sampson, 1998) or possible liver damage
(Laitinen & Valimaki, 1991). However, the alcohol intake may not be
singularly implicated as some bone loss is associated with pregnancy
(Dunne et al, 1993). This effect may also be due to the levels of alcohol
consumed and the degree of diuresis. A high flow of urine will dilute all
analytes but the amount excreted may increase due to the high volume.
The loss of analytes in urine in subjects consuming higher level of alcohol
may reduce plasma concentration in susceptible individuals. This may
trigger a homeostatic mechanism to compensate for the changes.

Alcohol consumption does not appear to affect the levels of urinary
magnesium or phosphate.

There is an increase in the number of women between 15-20 years
compared to F>40 and M>40 who regularly drink beer (Coleman et al,
1997). As beer is another source of boron (Iyenger et al, 1988), the
increased urinary levels of boron in F<20 therefore may reflect an increase

boron intake. In addition, the increased levels of sex hormones associated
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with puberty may have also contributed to the raised boron level as they
promote absorption of this element from the gut (Neilsen et al, 1987).
Increased consumption of boron with alcohol may be related to the greater
loss 1n urine since excess of this analyte is excreted which may explain the
changes seen in the pregnant women and in F<20.

Heavy alcohol consumption is associated with menstrual
irregularities, early menopause in pre-menopausal subjects (Sarkota et al,
1999) and exaggeration of oestrogen reduction during menopause
(Greendale et al, 1999). However, it is not clear if the increased levels of
cortisol in the post-menopausal subjects was due to an increase alcohol
consumption or to other factors such as increased stress (Wand et al,
(1999).

The raised urinary adrenaline levels observed with age in female
heavy alcohol drinkers compared to the male drinkers indicate an age-
related gender difference. Alcohol may preferentially increase the damage
to the Kupffer cells due to greater free radicals production in female
subjects (Thurman et al, 1998). However, the significantly higher levels of
adrenaline in M<20 compared to F<20 drinking alcohol may be due to
suppression of the gonadal activity since it is unlikely that these
adolescents have significant hepatic damage (Ebeling, 1998). It may also
be that in females, the response to alcohol is attenuated due to decrease in
sympathetic activity. There is a negative relationship between the sex
hormones, alcohol and adrenaline since oestrogen decreases IL-1 and IL-2
(Piolo et al, 1992) and catecholamines increase IL-1 and IL-2
(Zima,1993). In F>40, the increased adrenaline level may be due to the
lack of oestrogen and subsequent increase in sympathetic nervous system
activity leading to an increased production of catecholamines.

The reduced dopamine levels with age in both genders with low
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alcohol consumption supports the conclusions of Zima, (1993) that social
drinking reduces the activities of the hypothalamic-pituitary-adrenal axis
and therefore the levels of catecholamines. Alcohol consumption does not,
generally, influence serotonin levels. However, the decreased levels of
serotonin with age in both genders, particularly during menopause, 1s
consistent with a period of increased bone resorption but its significance
on bone minerals requires further work. Archer, (1999) reported an
increase in serotonin level following treatment with oestrogen therapy
which shows that the oestrogen may be modulating serotonin level in this
age group. If alcohol suppresses gonadal activity and therefore sex
hormones, it may explain the decreased serotonin levels in the older

subjects.

Stress.

It is well documented that stress increases sympathetic activity and
the production and secretion of catecholamines (Clancy & McVicar, 1994)
and glucocorticoids (Bugajski et al, 1999). Catecholamines enhance the
production of cytokines such as IL-1, IL-2 and TNF, some of which such
as [L-6 may decrease bone mineralisation and promote resorption
(Mysliwska et al, 1998). In addition, they also increase prostaglandin
levels, particularly PGE, , IL-1 and TNF which promote osteoclast
formation resulting in increased bone resorption and calcium excretion in
the stressed subjects (Lader & Flanagan, 1998).

Activation of the hypothalamo-pituiary-adrenal axis by stressors
increases the secretion of cortisol which also interplay with the cytokines
and affect bone. As expected both female and male subjects excrete more
cortisol when stressed (Contreras et al, 1985). Stress increases the

secretion of corticotropin-releasing hormone (CRH) which stimulates the
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release of adenocorticotropin hormone and this acts on the adrenal cortex
to release cortisol (Bugajski et al, 1999). In addition, CRH may stimulate
the neurons in the sympathetic nervous system centre which may further
activate the release of catecholamines from the adrenal medulla (Cahusac
et al, 1998). Since cortisol is involved in the resistance phase of the stress
response, further secretion of catecholamines during this period may
enhance bone resorption. The increased cortisol turnover with age
contributes to a higher rate of bone turnover and increases the risk of
osteoporosis by causing significant alteration in plasma alkaline
phosphatase activity resulting in increased urinary calcium and phosphate
excretion (Islam et al, 1998). Although cortisol levels were within normal
ranges, prolonged stress may predispose these subjects to bone changes
possibly through a consistently higher level of this hormone or together
with other causative factors. These subjects should, therefore, be
particularly cautious and address any stressor which increases the level of
these hormones.

Urinary noradrenaline level generally decreases with age, in both
genders which may indicate that the older subjects are more able to cope
with stress (Shui, 1998). The higher urinary NA level in the male subjects
of all ages, compared to female may suggest that females are better at
coping with stress or that there 1s a gender difference (Gaillard & Spinadi,
1998). The increased urinary NA levels in the non-stressed pregnant
women compared to their counterparts is unexpected as stress and anxiety
increase during and immediately after partuition (Milad et al, 1998).
However, it is possible that the information given on the questionnaire
does not reflect the true state of their stress level.

The increased levels of urinary dopamine in all ages, are expected

as some dopamine is released with noradrenaline and adrenaline from the
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adrenal medulla during stress.

The increased serotonin levels in F<20, M<20 , F20-40 and M20-
40 support the findings of Eisman et al, (1995). Stress increases
catecholamine production with increases in synthesis of IL-3 and IL-4,
which in turn, promote serotonin synthesis. Yong, (1997), noted that IL-
3 also stimulates bone marrow haemopoietic cell differentiation into mast
cells which then produce serotonin. The decreased serotonin levels in
stressed F>40 and M>40 subjects may reflect a reduction in bone
morphogenetic protein-1 (BMP-1) which reduces activation of TGF- and
decreases the synthesis of procollagen and consistent with reduced bone
formation (Liu et al, 1997). Stressed subjects of both genders excreted
more boron than those who were not as raised levels of cytokines and
prostaglandins caused by the increased catecholamines during stress might
have led to increased turnover of boron which has anti-inflammatory

properties (Hall et al, 1994).

Vegetables.

Vegetables contain many vitamins and minerals required for bone
formation and good health. However, they also contain chelating agents
which may reduce the bioavailability of some minerals such as calcium and
magnesium. All subjects consumed vegetables, although the amount and
types are not accurately known and this may have contributed to the
variations in the results and therefore difficulties in interpretion.

Plant-based diets contain phytoestrogen which may promote bone
formation especially in post-menopausal women (Albertazzi et al, 1999).
Legumes, soyabeans and broccoli contain high levels of isoflavones and
micronutrients essential for good health and bone (Messina, 1999;

Anderson, 1999). It has been suggested that a diet containing lettuce,
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tomato, cucumber, onion, garlic, parsley and dill slow down calcium loss
from bone (Muhlbauer, 1999).

The higher levels of urinary calcium in M<20 and F<20 eating less
than 3 types of vegetables may suggest an increase calcium turnover from
other dietary sources and is unlikely to be from increased bone
resorption as this period is associated with increased bone formation
(Kessler & Takahara, 1996). The reduced loss of calcium in F20-40,
M20-40 and during pregnancy may be due to changes in intake. However
adolescent's need for minerals and vitamins may be greater than during
middle age, as growth and development of bone begins to level off soon
after the second decade of life (Compston, 1996). An adequate intake of
these vitamins and minerals with vegetarians is therefore vital to promote
healthy bone.

The increased urinary phosphate in M<20 eating more than 3 types
of vegetables compared to those eating less may be due to increased
dietary intake from other sources and not necessarily from bone as there
were no vegetarian among them. Similarly, the higher level observed in
F20-40 compared to that in pregnant women may be responsible for the
increase calcium excretion as phosphate normally correlates with calcium
(Cooper et al, 1996). Furthermore, as phosphate absorption from the
gastro-intestinal tract is facilitated by the presence of calcium (Kaufman,
1995), the reduced dietary calcium may seriously compromise phosphate
availability for bone formation.

The lack of significant differences in boron levels between
vegetarians and non-vegetarians can be attributed to the vegetables
consumed by all subjects as even the non-vegetarians consumed some

vegetables. Further work is needed to assess the boron content of

individual food.
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Urinary cortisol levels of vegetarians in F<20 and F20-40 were
fairly similar to those in male and female subjects eating more than 3
types of vegetables. Schmidt et al, (1997) reported that cortisol level
increases in lacto-ovo-vegetarians compared to omnivorous subjects.
However, their work was based on 3 months of concurrent yoga and
meditation training which might have contributed to the reduced stress
hormones. The increased cortisol level in F>40 eating more than 3 types of
vegetables is consistent with the conclusions of Marsh et al, (1980) who
reported a correlation between vegetable intake and osteoporotic bone
changes in females over 50 years. However, the relationship between
vegetable intake and cortisol in these subjects remains unclear. But as
catecholamines levels are also low, it supports the findings of Schmidt et
al, (1997). Lacto-ovo-vegetarians have higher calcium levels due to the
increased milk consumption compare to omnivores (Woo et al, 1998) and
lower phosphorus due to reduced meat intake (Spencer, 1983). Further
work is required to identify if the loss of these elements is due to increased
intake or bone resorption.

The lower excretion of urinary NA by vegetarians subjects in F<20
and F20-40 compared to their respective non-vegetarian counterparts
suggests a possible link between NA and vegetables or meat-free diet as
non-vegetarians in this study also ate some vegetables. Spencer, (1983)
found that vegetarians have a lower bone mass than omnivores because of
the lower calcium and phosphate intakes. As bone damage is increased
with higher catecholamines (Carraro and Franceschi, 1997), the
significantly lower NA turnover in F<20 vegetarians, suggests a possible
reduction in this effect. The reduced NA during pregnancy in those eating
less than 3 types of vegetables compared to their counterparts may be due

to depleted micro-nutrients for the formation of NA as pregnancy is
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generally associated with increased catecholamines (Fenech, 1998). The
high intakes of vegetables by subjects in F>40 and M>40 may reduce the
uptake of calcium and therefore decrease plasma level and consequently
increase bone resorption. The significantly higher NA level in M20-40 and
F<20 eating more than 3 types of vegetables compared to their
counterparts needs further work as higher vegetable intake reduces anxiety
and increases anti-oxidants (Rodriguez-Jimenez et al, 1998). The lower
adrenaline levels in F<20 and F20-40 vegetarians may be due to general
decrease in resting hormone levels. However, while vegetarians may have
the necessary anti-oxidants to prevent oxidative damage, they may be
deprived of phosphate necessary for bone mineralisation. Further research
is needed to determine whether the lower adrenaline levels are related to
vegetables intake or to other factors.

The relationship between the increased dopamine levels in men
eating more than 3 types of vegetables contrast with those in females and
the reason may be gender differences. Fenech, (1998) reported that male
vegetarians may have up to 25% less chromosomal material due to
reduced vitamin B, . Low vitamin B, from reduced vegetable intake, is
also related to homocysteine and may produce abnormal lymphocytes with
altered cytokine production. Therefore, eating more vegetables may
increase production of cytokines in male but not in the female subjects,
and this may account for the increased dopamine in these subjects.

The significant decrease in the levels of urinary serotonin in
subjects comsuming vegetables are similar to the findings of Aja et al,
(1999) who reported that amino acid-imbalanced diets of vegetarians
increases brain serotonin 5-HTS 3 receptors which when activated
increase hunger. This stimulus is subsequently blocked by antagonists such

a secretin and cholecytokinin produced during feeding time. Subsequently,
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appetite will be suppressed and the serotonin levels would fall. Low brain
serotonin levels therefore may be linked to dietary intake and low 1n

substrates needed for the synthesis of SHT.

Vitamin supplements.

These vitamin supplements are widely used by all ages to improve
health, prevent diseases and give energy and vitality. The reduction in
calcium loss in M<20 and M 20-40 who took these supplements
compared to their respective female counterparts and also in pregnant
women who did not confirms that these vitamins contribute to the overall
changes in calcium turnover and good health in these subjects (Devlin,
1997; Dawson-Hughes et al, 1997). Collectively, these vitamins,
particularly vitamins C and D, increase calcium absorption, promote bone
utilisation of calcium, reduce urinary calcium, prevent collagen damage by
facilitating the addition of hydroxyl groups to the amino acid proline and
promote the formation of cross-linkages between collagen molecules
(Zerwekh & Reed, 1998).

Both male and female subjects over 40 years old who were taking
these vitamins had decreased urinary magnesium and phosphate.
Supplementation of these vitamins in the diet of these subjects may
increase bioavailability of minerals and therefore reduce bone damage
(Basle et al, 1990).

The lower urinary levels of boron in F>40 compared to F<20 taking
vitamins suggests that these supplements may promote more boron
utilisation during menopause as they consumed more vegetables than

F<20. Boron has oestrogen-like activity which may reduce bone damage

(Hunt, 1994).
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Increased consumption of vitamins promotes intestinal absorption of
several bone minerals such as calcium and phosphate and therefore
increases bone turnover. Therefore, it is necessary to ensure that the levels
of these vitamins are maintained within normal ranges for healthy bone.
Reduced intake may also increase levels of minerals through increased
bone resorption by increasing collagen breakdown (Malik & Meek, 1996).
The significantly higher urinary hydroxyproline levels observed in M>40
who took these vitamins compared to those who did not suggests that
these supplements may increase hydroxyproline turnover consistent with
an increased substrates availability or bone collagen breakdown (Devlin,
1997 & Dawson-Hughes et al, 1997).

There is no direct evidence linking vitamins, cortisol turnover and
bone damage. However, the works of Meydani and Blumberg, (1991)
suggests that vitamin B¢ , one of the vitamins in these supplements, is
necessary for a healthier immune system particularly during menopause
when maximum protection against diseases such as osteoporosis and
osteoarthritis is necessary. Malik and Meek, (1996) suggested that raised
serum glucose levels by cortisol may increase non-enzymatic glycation and
advanced glycated products which increased collagen cross-links damage
and intermolecular spacing consistent with age-related changes. They also
showed that higher levels of vitamins C and E significantly reduce the
glucose related collagen damage. The lower cortisol levels in F>40
observed in those taking these supplements may therefore provide some
protection against cortisol-induced bone diseases as well as collagen
breakdown (Hosking, 1993).

Multivitamin supplements are generally associated with reduced
NA and AD urinary level. The decreased levels of these hormones in

female and increased in males with age in those taking the multivitamins
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supplements and may indicate a gender difference. However, vitamin Bg
(Leklem & Hollenbeck, 1990) and E (Meydani & Blumberg, 1991)
decrease IL-2 production while vitamin D antagonises parathyroid
hormone mediated bone damage (Bunker, 1994). Furthermore as
Papanicolaou et al, (1998) suggested that several interleukins, including
IL-6 contribute to bone resorption during sex hormone deficiency and
hyperparathyroidism. These vitamin supplements therefore may benefit
older females, either by antagonising or decreasing sensitivity to PTH,
magnifying oestrogen or by reducing the production of cytokines during
stress which may promote calcium absorption. However, it is not certain
whether the plasma levels of these vitamins were raised in these subjects
as many take these vitamins to replenish poor dietary intake. Their roles in
M>40 need further work.

The lower levels of urinary dopamine in the subjects not taking
these vitamin supplements may be due to a general attenuation of
catecholamines (Hinojosa-Laborde et al, 1999). The higher levels of
dopamine in pregnant women taking these supplements may not be related
to the intake of vitamins but to the pregnancy (Nguyen et al, 1999).

The increased serotonin levels with vitamin supplements 1n all age
groups suggests that these vitamins may be promoting serotonin synthesis
but the exact mechanism remains unclear (Thibault and Booth, 1999). The
raised levels during pregnancy may be due to the increased production of
serotonin by the placenta and may not be related to these supplements
(Huang, et al, 1998). The effects of vitamin C on bone minerals during
pregnancy are unclear as in many cases this is often taken as
supplementation (Preston-Martin et al, 1998). However, as well as being
an anti-oxidant, vitamin C is necessary for the production of healthy blood

cells from the bone marrow (Ajayi & Fadiran, 1998) and healthy collagen
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formation.

Exercise.

While lack of exercise reduces bone mass (Brahm et al, 1997),
weight-bearing exercise increases bone mass in all age groups (Mazess &
Barden, 1991; Ebrahim et al, 1997). The higher urinary calcium excretions
in pubertal and middle aged male compared to female subjects suggests a
gender difference which may be attributed to the bigger bone and muscle
mass in men (Birdwood, 1996). Furthermore, as the male subjects were
involved in more strenuous weight bearing exercises, such as rugby and
football for two or three times per week, the present data support the
conclusions of Alfredson et al, (1997) that this level of exercise increases
calcium turnover.

Drinkwater, (1993) suggested that the positive effects of exercise on
bone is dependant upon the presence of endogenous sex hormones to
increase availability of calcium and phosphate. Oestrogen and testosterone
are known to influence bone formation in females and males respectively
(Beck et al, 1992). The higher levels of phosphate excretion in males may
be due to an increase dietary intake or to increase turnover (Brahm et al,
1997). In addition, excessively high levels of exercise may reduce bone
mass due to suppression of sex hormones (Alfredson et al, 1997).

The overall increased urinary boron levels in those who exercised
and during pregnancy suggest that exercise increased boron turnover and
may contribute to an increased bone formation as boron enhances the
effects of oestrogen on bone formation. Furthermore, boron alters plasma
membrane potential to prevent cytosolic pH changes by acting as an
intracellular buffer (Blaser-Grill et al, 1989). The higher boron levels

associated with exercise may prevent intracellular lowering of pH as the
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extracellular fluid will have a lower pH as a result of the exercise. A more
alkaline environment enhances osteoblast activity and suppresses bone
resorption. The reversed boron levels in M>40 requires more research.

The increased urinary levels of hydroxyproline observed in M 20-40
who exercised (increased weight bearing) compared to those who did not
support the findings of Thorsen et al, (1997) that the increased bone
collagen and calcium turnovers may be due to mechanical loading on bone
or to a combination of mechanical loading and metabolic stress. However,
mechanical loading can also induce collagen secretion and therefore
promote bone formation (Lanyon, 1992).

High intensity exercise increases cortisol secretion as a result of
activation of the hypothalamic-hypophyseal-adrenocortical system
(Vorobiev & Grigoriev, 1998) and therefore the excretion of this hormone.
Raised cortisol level correlates with an increased bone resorption (Arnaud,
1993).

Exercise generally increases NA turmover in both genders due to a
greater sympathetic activity as a result of physical stress (Brenner et al,
1998; Alekel et al, 1995). As bone cells possess NA receptors (Marino et
al, 1997), they may be involved in bone metabolism. While cortisol,
growth and sex hormones influence bone mass (Kraemer et al, 1998), the
roles of catecholamines in bone homeostasis is not clear.

The higher level of adrenaline in pregnant women and M<20 not
involved in regular weight bearing exercise may reflect their fitness level.
In general, it is also higher in sedentary and in less fit subjects as taking
regular exercise lowers the basal secretion of catecholamines due to
reduced sympathetic activity (Bernet et al, 1998).

The significance of the lower serotonin levels in all age groups with

exercise is unclear and requires further research.

206



Smoking.

There is no consensus opinion on the damaging effects of smoking
on bone but heavy smoking generally affects bone status by reducing the
availability of bone minerals. In F>40 and M>40 heavy smokers, there is
marked bone loss (Johnston, 1994). The increased loss of calcium
associated with heavy smoking in M 20-40 and during pregnancy
compared to F 20-40 suggests that heavy smoking increases calciuin
turnover in males as well as females and may have significant effect on
bone particularly during adulthood when bone formation slows down.
During pregnancy when calcium turnover is already significantly
increased, this effect is exaggerated. During adolescence when bone
formation is greater, regular heavy smoking may compromise bone mass
by increasing the sex steroid metabolism especially in females (Law et al,
1997). However, both smoking and increased circulating sex hormones
may increase calcium turnover (Hollenbach et al, 1993).

Similarly, the loss of phosphate in heavy smokers F20-40 may be
attributed to the low oestrogen and possibly vitamin C levels (Birdwood,
1996).

There were no smokers in F<20, M<20 and F>40 but in general the
heavy smokers, particularly male and pregnant subjects, had lower urinary
boron. It is unclear why heavy smoking decreases urinary boron excretion
in the male subjects and during pregnancy whilst significantly increasing it
in F20-40. Further work is needed.

The increased levels of urinary cortisol in the male heavy smokers
correlate with total and ionised calcium levels (Leino et al, 1998) and

therefore may be responsible for the increased urinary calcium excretion

(Ortega et al, 1998).
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The raised NA and adrenaline levels in the heavy smokers in all age
groups may be due to nicotine action on the brain (Court et al, 1998). It
may also cause damage to endothelial cell which then promotes monocyte
aggregation and thrombosis formation which increase adrenaline levels
(Powell, 1998). In long standing heavy smokers, it may even lead to bone
damage from raised levels of inflammatory cytokines (Papanicolaou et al,
1998).

The increased levels of dopamine in heavy smokers is probably due
to the high level of nicotine which increases the release of endogenous
opioids which in turn increase the levels of dopamine (Ismail & el-
Guebaly, 1998). Further work is needed to elucidate the roles of smoking

on urinary serotonin levels.

4.1.0(d) Reproductive factors.

Pregnancy.

The higher level of calcium during pregnancy compared to non-
pregnant women may be due to the extra demand placed on the mother's
calcium stores by the growing foetus (Ortega et al, (1998). This may cause
a transient loss of bone mass and if not corrected, increase the risk of
osteoporosis.

The raised levels of urinary magnesium observed during pregnancy
and in women with repeated pregnancies, are probably associated with the
raised urinary calcium levels (Ryan 1991) and therefore increases
magnesium loss (Zumkley & Lehnert, 1984). However, 1t may also be due
to increased dietary intake during pregnancy or/and increased sex
hormones which promote absorption of magnesium.

The raised level of urinary phosphate seen during pregnancy
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compared to non-pregnant women may be due to increase bone mineral
turnover as a result of the raised levels of cortisol and catecholamines
hormones during pregnancy (Smith, 1998). However, these levels were
also raised in M20-40 compared to F20-40 which may suggest a greater
dietary intake.

The increased levels of oestrogen with repeated pregnancy promote
bone formation provided adequate nutrients are consumed. The increased
boron loss in women with no previous pregnancies compared to those
pregnant for the first time and in women with no children compared to
those with children confirms the positive relationship which exists between
boron and oestrogen (Naghii & Samman, 1997).

The higher urinary hydroxyproline level during pregnancy compared
to non-pregnant women and men of similar age may be due to the transient
increase in collagen turnover associated with pregnancy (Nguyen et al,
1999).

High levels of cortisol seen during late pregnancy compared to non-
pregnant women may be due to the additional production by the foetus
(Yoon et al, 1998). Cortisol turnover is also higher during pregnancy
compared to male subjects of similar age and therefore pregnancy may be
the main reason for this increase as the foetal adrenal cortex produces
cortisol in the third trimester and is involved 1n partuition (Mesiano &
Jaffe, 1997).

Catecholamine levels also increase during pregnancy (Smith, 1998).
However, in this study, NA levels in pregnant and non-pregnant women
as well as in men of similar age, do not show any significant differences.
Further work is needed particularly as the levels of adrenaline in pregnant
women, M20-40 and in non-pregnant females of similar ages, increased

significantly. The raised levels may suggest an increased activity of the
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autonomic nervous system which stimulate the adrenal medulla 1s common
to all normal pregnancies (Milad et al, 1998). In addition, it would appear
from the results that psychological stress may be enhanced as some
adrenaline levels were also increased.

The data in this study show no pregnancy-related differences in the
levels of urinary dopamine although these are frequently raised in the third
trimester of pregnancy to increase uterine contraction in preparation for
labour (Moustafa et al, 1999).

It appears that urinary serotonin levels are not affected by pregnancy
although Huang et al (1998) reported that the placenta produces serotonin
for the development and maintenance of the placenta and regulation of
foetal development. However, further work 1is necessary with a bigger

population sample on the roles of dopamine and serotonin in pregnancy.

Menstrual phases.

The proliferative phase of menstruation is associated with higher
oestrogen and lower progesterone levels and in the secretory phase these
levels are reversed. While this study did not show any significant
differences in urinary boron level during these two phases, all urinary bone
minerals and boron were higher during the proliferative phase which may
be due the increased oestrogen levels and therefore an increase in bone
turnover (Meecham et al, 1994). During the proliferative phase adrenaline
is increased which may be involved in maturation of the ovarian follicle
prior to ovulation (Arimura, 1998). Oestrogen increases the activity of the
phenylethanoline-N-methyltransferase which converts NA to AD. In
contrast, oestrogen may suppress the activity of the sympathetic nervous
system thereby decreasing the levels of adrenaline. Ths latter effect may

alter the overall effect seen for adrenaline.
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Contraceptive pill.

Taking the contraceptive pill not only increases the levels of
circulating oestrogen but also maintains it at a fairly constant level (Acien
et al, 1997). The significantly higher boron levels in these subjects
compared to those not taking the pill, confirms earlier findings in this
study, that boron levels are related to those of oestrogen and that such a
combination promotes greater uptake of bone minerals and increases bone
formation (Naghii & Samman, 1993). Synthetic oestrogen lowers the
levels of cytokines such as IL-1 and IL-6 (Pioli et al, 1992) as well as
inhibiting sympathetic activity (Favier et al, 1997). This may account for
the lower levels of noradrenaline and adrenaline as these hormones
modulate the production of cytokines. The contraceptive pill therefore may
increase bone mass by sustaining a higher level of oestrogen as well as

reducing levels of circulating catecholamines.

Menopause.

Menopause is associated with loss of ovarian sex hormones and
therefore a reduction in bone minerals and consequently bone mass. This is
supported by the significantly higher urinary calcium in post-menopausal
women (Compston, 1996). The raised urinary boron levels during
menopause compared to pre-menopause subjects may be due to the
increased vegetable intakes. The increased boron turnover promotes
oestrogen synthesis during the menopause which increases intestinal
absorption and decreases renal excretion of calcium so that more calcium
is available for bone formation (Bendadour et al, 1998). The reduction of
oestrogen level at menopause may increase stress hormones levels which
may antagonise the benefit from therapeutic boron level (Kamesaroff et al,

1999). The significantly higher levels of urinary dopamine levels in post-
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menopausal compared to pre-menopausal subjects may be related to the
reduced oestrogen level or increased loss of calcium but the exact
relationship remains to be deduced particularly as NA and AD levels were

lower 1n these subjects.

HRT.

Hormone replacement therapy (HRT) which contains synthetic
oestrogen and progesterone reduces cortisol levels via the hypothalamic-
pituitary-adrenal axis (Laroche et al, 1997). The slightly higher urinary
calcium, magnesium, phosphate and hydroxyproline levels in subjects not
on HRT may suggest a greater turnover of these bone markers due to the
reduced sex hormones (Hallworth, 1998)

HRT also increases boron turnover which may modulate the effects
of oestrogen to increase calcium absorption and therefore increase bone
mass in post-menopausal women as seen for pre-menopausal women on
the pill (Nielsen et al, 1987).

In contrast to the raised cortisol level in pre-menopausal women
taking the contraceptive pill, urinary cortisol levels in post-menopausal
women on HRT are lower. The increased supply of oestrogen from the
HRT decreases cortisol turnover through the regulation of the
hypothalamic-pituitary-adrenal axis, and therefore may delay the onset of
bone damage in perimenopausal (Komesaroff et al, 1998) and post-
menopausal women (Lees et al, 1995; Stampfer & Grodstein, 1994)

The higher noradrenaline and adrenaline levels in F>40 not on HRT
may indicate an increased activation of the sympathetic nervous system as
a result of the reduced oestrogen levels. Therefore F>40 not on HRT may
be at a greater risk of bone damage from the raised catecholamines

(Cagnacci et al, 1997; Lees et al, 1995).
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Hysterectomy.

All subjects who had hysterectomy were taking oestrogen and
progesterone (HRT) as part of their replacement therapy. The lower
urinary calcium levels in F>40 who had hysterectomy may be due to the
higher level of these hormones and indicates that HRT improves calcium
turnover and benefits bone (Tilyard et al, 1992). This therapy becomes
very significant as the raised stress hormones levels in these subjects may

promote adverse bone changes.

4.1.0e History of bone diseases.

To date, only vitamin D (Cooper & Umbach, 1996) and oestrogen
receptors (Notelovitz, 1997) have been genetically implicated in bone
diseases such as osteoporosis and osteoarthritis. If these bone diseases are
due to genetic defects, then parents with these diseases will pass them on
to their offspring. However, if these disorders are the results of
environmental factors, then subjects may display symptoms without a
family history. The data in pubertal and middle aged women in this study
suggest it may be hereditary because of the increased urinary calcium
levels which may also result from reduced or inactive vitamin D receptors.
As urinary calcium is increased in the elderly subjects, a reduction of
vitamin D receptors may occur from cumulative oxidative damage.

Further work is required to determine the genetic control and
utilisation of boron in bone particularly between F20-40 and F>40 with a
family history of these bone diseases (Barr et al, 1996).

The significantly higher levels of urinary hydroxyproline in M20-40
without the family history does not indicate genetic involvement alone.
However, it may involve some genetic elements interacting with

environmental factors.
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The contrasting levels of urinary cortisol in F20-40 with the family
history compared to those in M20-40 and in pregnant women without the
history compared to those in F20-40 suggest a more complex relationship
between a genetic basis for these diseases, cortisol and bone.

The increased levels of urinary adrenaline levels in pregnant
subjects with the history of bone diseases compared to all other female
subjects require further evaluation as pregnancy is normally associated
with an increased level of this hormone. Adrenaline stimulates the
production of cytokines such as IL-1, IL-6, monocyte colony stimulating
factor and tumour necrosis factor which may also enhance the bone
resorbing capacity of osteoclast (Roodman, 1993). Therefore, the higher
adrenaline levels in F>40 without the history of these diseases cannot be
considered as having a genetic basis.

It is not clear how the lower serotonin levels in F20-40 and F>40 as
well as in M<20 and M>40 who suffered from these diseases compared to
their respective counterparts affect bone status or if these have any genetic
significance at all. Further research is needed using a more appropriate

method with molecular biological techniques.

4.1.0f. Anti-inflammatory drugs.

Subjects in F>40 and M>40 were patients from one of the local
hospitals and were prescribed anti-inflammatory drugs such as aspirin,
indomethacin and voltarel to control pain associated with these bone
diseases. These drugs reduce local mediators such as prostaglandin E, (PG
E,) cytokines and may influence bone health (Kirkham, 1991). PGE, is
produced from prostaglandin H; , a by-product of fatty acid cylooxygenase
action on arachidonic acid from which all prostaglandins are produced.

These drugs block the action of fatty acid cylooxygenase and reduce the
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levels of prostaglandins. Patients with bone diseases such as osteoporosis
may benefit from anti-inflammatory drugs such as voltarel and aspirin as
these medications appear to reduce these local mediators.

The higher urinary noradrenaline and adrenaline levels seen in
subjects who were taking anti-inflammatory medications may be due to the
illness which acts as a stressor. However, increased levels of these

hormones, if not controlled, may enhance bone loss through increased

production of cytokines.

4.2.0. The relationship between boron, stress hormones, serotonin

and bone markers.

4.2.0.(a)  Urinary boron, bone markers and hydroxyproline.

Although there was no significant correlation between urinary boron
and calcium, the positive trends observed, with age, in the male subjects
indicate that perhaps with a larger sample size, significant correlation may
be obtained as boron increases calcium absorption from the intestines at
therapeutic testosterone levels (Hunt, 1994; Naghn & Samman, (1996).
Therefore, as the male sex hormone changes with age perhaps boron may
have a role to play in bone turnover.

The protective effects of boron on bone 1s enhanced in post-
menopausal women at low magnesium levels (Neilsen, 1994). The
correlation between boron and magnesium in M<20, M20-40 and F20-40
suggest a similar effect in these pre-menopausal subjects as well (Volpe et
al, 1993). There was no significant correlation between boron and
hydroxyproline.

The significant correlation between urinary boron and phosphate in

male subjects, in the 3 age groups, indicates that boron may be
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contributing to bone metabolism as the absorption of phosphate and

calcium is greater with dietary boron supplement (Hunt & Nielsen, 1987).

4.2.0.(b)  Urinary stress hormones, serotonin and bone markers.

The positive correlations between urinary cortisol, calcium,
magnesium and phosphate in male but not female subjects, with age,
suggest that male subjects of all ages are more susceptible to the influence
of cortisol, a hormone which is increased during stress. The stage of the
menstrual cycle may have contributed to the lack of correlation in female
subjects as oestrogen may have reduced cortisol, stress hormones and
serotonin levels (Komesaroff et al, 1999). M>40 subjects have higher
cortisol levels and may be more vulnerable than F>40 to changes in bone
calcium, magnesium and phosphate turnovers. The significant correlation
between cortisol and hydroxyproline during pregnancy indicates an
increase collagen turnover.

Urinary noradrenaline correlation with calcium, with age, again
suggests that post-menopausal female and male subjects are particularly
vulnerable to increased calcium turnover. In post-menopausal women, the
lower oestrogen levels may have contributed to the positive correlation
between calcium and noradrenaline. During pregnancy when stress level is
also high a positive correlation is also found. The effects of the raised
steroids in the pregnant subjects may have been compromised due to the
stress levels.

The significant correlation between urinary adrenaline, calcium and
phosphate in M>40 and F>40 indicate that older people of both genders
are highly stressed and susceptible to increased loss of bone minerals.

Male subjects, of all ages, with higher dopamine levels may lose

more calcium and phosphate as higher level of dopamine alters plasma
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membrane permeability to these minerals (Huet et al, 1999; Baines &

Drangova, 1998).

4.2.0.(c) Urinary boron, stress hormones and serotonin.

The significant correlations between urinary boron and cortisol
levels in all male subjects, especially in M20-40, catecholamines in M20-
20 and in M>40 and serotonin in M20-40 suggest that urinary boron level
may be modulated by catecholamines possibly via changes in testosterone

levels particularly as magnesium level was also lower in M>40 than in

F>40 (Neilsen et al, 1987).

4.3.0. The relationship of alcohol, stress and weight bearing exercises

on bone in F<20 and M<20.

The higher urinary levels of cortisol with significantly higher
hydroxyproline levels in the male and female subjects in group A (heavy
alcohol, stressed & no weight bearing) suggest that these lifestyle
contribute to increased turnover of collagen and may compromise bone
health. In contrast, the higher levels of NA, AD and DA with lower
hydroxyproline levels in group B ( low alcohol, not stressed & weight
bearing) indicate a lower collagen turnover with better bone health. A
larger population sample size 1s needed to confirm these findings and

assess the implications for bone status in these subjects.
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4.4.0. CONCLUSIONS.

This research shows that lifestyle such as reduced vegetable intakes,
heavy smoking and alcohol consumption and lack of weight bearing
exercise increase stress level. As a result, the higher levels of cortisol,
catecholamines (NA,AD & DA) and SHT increase the excretion of
calcium, phosphate and magnesium which may compromise bone health.
The higher levels of boron observed in these subjects offer some

protection against excessive resorption.

The main findings are as follows:

Boron and urinary bone markers:

1. There are significant correlations between boron and phosphate with
positive trends between urinary boron and calcium in male subjects of all
ages indicating greater turnovers of these bone minerals due to increased

bone activity.

Age, gender, life-styles and nutrition, reproductive factors, history of
bone diseases and inflammatory drugs on urinary bone markers:
2(a) Age and gender are not correlated with significant changes in urinary
boron levels.

2(b) Alcohol decreases urinary boron levels in both genders with age but
increases it during pregnancy.

2(c) Stress significantly increases urinary boron levels in male subjects
particularly in M>40 with increased calcium turnover to promote greater
calcium utilisation by bone.

2(d) Increased vegetables consumption and history of bone diseases do not
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significantly alter urinary boron level.

2(e) Multivitamin supplements increase urinary boron in male but decrease
in female subjects. Urinary boron levels correlate with those of
magnesium and phosphate in male subjects.

2(f) The levels of urinary boron decrease with weight bearing exercises,
smoking and during pregnancy but it is increased in subjects taking the

contraceptive pill and HRT and also following the menopause.

Stress hormones and serotonin and urinary bone markers:

3(a) An increased urinary cortisol is linked to an elevated calcium,
magnesium and phosphate turnover in pregnant and in male subjects of all
ages and these suggest an increased risk of osteoporosis in these subjects
in later life.

3(b) Raised urinary NA increases calcium turnover in male subjects of all
ages and also calcium, magnesium and phosphate in pregnant subjects
suggesting a link between NA and these bone minerals.

3(c) A higher urinary adrenaline level increases urinary calcium and
phosphate turnovers with age in both genders and also calcium and
magnesium during pregnancy but only increases phosphate level in the
female subjects. This indicates a strong association between adrenaline,
calcium and phosphate with age which may contribute to bone changes
through raised cytokines levels.

3(d) The positive trends between urinary dopamine and calcium and
urinary serotonin and all the bone markers in the male subjects are not

conclusive and require more work.

Boron, stress hormones and serotonin:

4(a) There are significant correlations between boron and phosphate 1n all
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male subjects and to adrenaline and serotonin in M20-40 which may

suggest a positive relationship between boron, adrenaline and phosphate in

these male subjects.

Implications for nurses:

4(b) Male nurses are more at risks of bone mass changes than females

because of the increased levels of cortisol, adrenaline, calcium, phosphate

and hydroxyproline.
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4.5.0. Promotion of greater bone mass.

Diet.

Dietary boron level must be between 0.8-1.2 mg/day (boron value
of commonly consumed vegetables and fruits is given in appendix 2).
More foods containing calcium (milk, cheese, fish and butter) and
phosphate (meat, eggs, whole grains, raw wheat germ, nuts and seeds)
must be added to the diet to replace the increased loss of these elements
particularly in the elderly. In addition, ascorbic acid supplement to
increase hydroxyapatites and hydroxyproline substrates must be taken to

reduce collagen cross-links damage.

Multivitamins supplements.

Males and females of 11-20 and 20-40 years old must consume an
adequate supply of vitamins to protect bone and for good health. Taking
these vitamins in later life may also benefit bone but require more
research. Boron supplement may help in promoting bone mass in all

subjects.

Stress.

Subjects of all ages must keep stress level low particularly in F>40
and M>40. Work environments as well as personal circumstances must be
changed to reduce stress levels as males nurses are at greater risks of bone
damage that female nurses due to higher levels of stress hormones, cortisol
and adrenaline. Employers should provide stress management strategies to
support workers in the work environment (Shiu, 1998) as presently many
NHS Trust fails to debrief staff who experience severe psychological and

physical stresses at work such as coping with a client's death and physical
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assaults by violent patients (Felton, 1998).

Smoking.

Smoking must be avoided by all especially pregnant women and
female nurses, as it may lead to an increase in phosphate excretion.
Males nurses must not smoke as it increases urinary calcium levels more

than in female nurses. Female nurses who do not smoke are generally less

stressed.

Vegetables intake.

All subjects must eat sufficient vegetables as those eating fewer
than 3 types have raised urinary phosphate, cortisol, noradrenaline and
dopamine levels. Female nurses must eat sufficient vegetables regularly to
decrease urinary calcium excretion and protect their bones. Vegetarian diet
in F<20 shows a reduction in noradrenaline, adrenaline and serotonin

levels but may cause deficiencies in other nutrients.

Weight bearing exercises.
Light exercises, taken regularly by subjects of all ages, benefit bone
but prolonged high intensity weight bearing exercises may reduce bone

mass especially in subjects under 20 years old.

Menopause and HRT.

The incidence of back injuries is high among nurses (Love, 1996)
and early preventative intervention program is recommended to decrease
the overall incidence of pain and disability in back-injured nurses (Blue,
1996). Menopausal female nurses who continue to work need to consider

HRT as it promotes bone health through increased supply of important
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bone minerals.

Alcohol intake.
Moderate alcohol consumption (less than 750 ml of wine , 1500 ml

of beer or 150 ml of spirits / week ) decreases calcium and magnesium
excretion in female but not in male or pregnant subjects. Females nurses
who consume moderate amount alcohol must do so with caution as the
number of female nurses abusing alcohol is increasing (Coleman &
Honeycutt 1997). However, heavy drinkers risk losing bone minerals and

may suffer bone damage such as osteoporosis in subsequent years.
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4.6.0. Recommendations for future research.

Since a number of trends were identified by this study, a larger population
is needed to determine whether these are significant. The following work

1s suggested:

1. The relationship between boron and hydroxyproline levels to deduce its
role in collagen formation and breakdown. Other bone markers may be

determined as comparisons.

2. The relationship between the type and amount of beer, wine and

stronger alcohol (spirits), on boron and bone markers.

3. The effects of vegetarian diet on production of stress hormones
(cortisol, noradrenaline, adrenaline and dopamine) and serotonin. This
study found a strong link between stress (adrenaline), boron and bone
markers but further study on the relationships between boron,
noradrenaline, dopamine, serotonin and bone markers is recommended

using both in vitro and in vivo studies.

4. The level of stress hormones during the different phases of menstruation

and their relationship with sex hormones needs to be studied further to

identify their effects on bone.
5. The effects of multivitamin supplements on bone status in male and

female subjects of all ages but particularly in men over 40 years old. An

assessment of the levels of vitamins and micro-nutrients are needed.
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6. The use of questionnaire to assess psychological and physical stressors

among nurses and their effects on bone.

7. A detailed asssessment of boron intake in nurses.

8. Considerable difficulties were experienced in obtaining subjects
especially at the lower age group. It might be necessary to increase the
catchment areas to obtain a larger population for this type of study or to
focus on a particular age group. In any case, other schools, hospitals and
universities would need to be considered to increase the number of

subjects.
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c)Duration of course........cccceeuueeeennnnene.

8.Are you employed/unemployed?(please circle).

9.Please state nature of employment if applicable.........c..cceeeuen...

C. HEALTH & DIET:

10.Are you in good health.(please circle)................ yes/no.
11.Do you drink alcohol?(please circle)................... yes/no

12.0n average how often do you drink alcohol?(please circle).
(a) once or twice a year.
(b) once a month.
(c) once a week.
(d) two to four times a week
(e) every day.
(f) other (please specify)....................

13.In an average week do you drink any of the following?

(please circle whichever is applicable)

(a) larger/bitter/cider.....how much?............. /week.
(b) Wine.....ccoueeeeerenenanns how much?............. /week.

(C) SPITitS.cccceeeereecccruneneen. how much?............ /week.

(d) any other................... how much?............ /week

14.Which type of alcohol do you drink most regularly?
(please circle only one).

(a)beer(including ale, larger, bitter, cider).
(b)wine

(c)spirits.

(d)others .(please specify)................ccoo,

15.Are you usually under stress?(please circle)................ yes/no.

16.If yes, how stressed are you?(please circle).
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(a) highly stressed

(b) mildly stressed.

(c) occasionally stressed.
(d) rarely stressed.

(e) not stressed at all.

17.Do you smoke cigarettes/tobacco?(please circle).....yes/no.
18.0n average how many cigarettes/tobacco do you smoke per
day?.............

19.How long have you been smoking?.............. (nearest year).

20.0n average how often do you exercise?
(a) never
(b) two or three times ayear
(c) once a month
(d) once a week
(e) two or three times a week
(d) every day
(e) other (please specify).........................

21.Which type(s) of exercise(s) do you do?

............................................................
------------------------------------------------------------
------------------------------------------------------------

............................................................

22.0f these which one(s) do you do most frequently?
23.Is your diet mainly(circle one):
(a) vegan?(no meat or diary products)
(b) vegetarian?(no meat).
(c) meat based but in the form of fish or chicken only?
(d) meat based (any type of meat)?

24.Do you take vitamins/minerals supplements?(please circle)
yes/no.

25.1f yes, what is it called?.......cccooovmrnnininniniiiiininicics

26. How often do you take this?......................................
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27.Which cooking oil do you use in your cooking?(please circle).
(a) vegetable
(b) ghee
(c) olive oil
(d) fish oil
(e) animal oil
(f) others (please specify)...............coooviviiiiiiiiineeee
(g)None

28.Do you consume drinks containing caffeine eg tea,coffee or
fizzy drinks?(please circle)

(a) never
(b) occasionally.How much................. /week.
(c) regularly. How much................. /week.

29.How much of the following vegetables do you consume
weekly?(please give weight in grammes if possible)

(2) POLALOES..coecueierrrnnenccrrenrennrerennnnenns
(b)sweet potatoes......cceeeueeeeerneresuenasenes
(C)CATTOLS....eevrrierrenrnenernesnaerancnneeassencs
(d)cabbage............c.ocooiiii,
(e)brocolli.............c..ooiiiii
(D)lettuce..uueeeneeerneeneeeneanseceecessnnenns
(g)beetroots...............cccoeviiiiinnn
(D)Ereens.....cueerunnieenenescencsseesssencsncens
(1)SPINACH..c ettt
30.How much nuts you consume weekly?(please give weight
in grammes if possible)

(A)PeaAnULS...cceeerererecesssiensaecsnsaneaaanes
(b)peanut butter.........................
(c)cashew NUES....c.coveeereeeseriniiiunnannene
(d)other type of nuts......cccceevermecnencne.

31.How much/many of the following do you eat weekly?
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(dbarley..............cooovviii
(e)sugar beat.......coeceereevnuerrsnecrnrsncens

32.Are you on a diet? (please circle)............. yes/no.

33. If yes, please describe

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
............................................................................................
............................................................................................
............................................................................................

--------------------------------------------------------------------------------------------

D:FAMILY HISTORY AND MEDICAL HISTORY:

34.Do you suffer from or have ever sufferred from any of the
following(s) (please circle):
(a) osteoporosis?
(b) arthritis?
(c) any other bone disorder?......ccocvvvvnneerrierieeeenenenee
(d) high blood pressure?
(e) kidney disease?
(f) diabetes mellitus?
(g) fits/epilepsy?
(h) have you had any operation or disorder eg:
1) of the testes?
ii) of the ovary?
iti) of the uterus?
iv) of the breast?
v) of the kidney?
vi) others ? (please specify).
(i) cancer?
(j) thyroid disorder?
(k) eating disorder eg anorexia or bulimia?
If so, please give details such as :when, duration etc:
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ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

35..Does anyone in your family suffer from any of the above
condition?(please give details and relationship to you).

......................................................................................
......................................................................................

......................................................................................

36.Have you ever been hospitalised?........ (please circle)........ yes/no.
if yes: when:
how long for:
what for:
37.Are you currently on any medication(s)?(please circle)....... yes/no.

38 If yes, please give details:

name dose frequency
How long did you take these for:?.......oorrvrorre
E:FEMALES ONLY.
39. Do you take birth control pill?(please circle)....... yes/no.
40.If yes ,please specify name.........ceeevveeniineeccneccirvnnnnnene.
41.Is your menstrual cycle regular?(please circle)......yes/no

42.1f no ,have you had to seek medical help?(please circle)

-----------------------------------
............................
--------------------------
.....................
---------------------------------------------------------------
.....

....................
.................................................................
sees
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45.How old is your first child?.......cc.cccevveruvnreerunnenes years old.

46. How old is your last child?........ccccvmvvrucrernrnnnncnenes years old.
47.Are you presently pregnant?(please circle)............ yes/no.
if yes please state number of weeks of pregnancy......weeks

48.Are you on hormone replacement therapy(HRT)

(Please Circle)...eeeeeeeicerenrneererreerecreensrsnecennnnnenns yes/no.
if yes please give the following details:
1) when did your menopause start?...................... year.
ii)when did you start HRT?.......cccocvrnmureereeeneeenenn. year.
iii)which type of HRT are you taking?........................
49.At what age did you start menstruating?.................. years old.

50.0n which day of your cycle was the urine sample collected?
day....ccceeeee. (please count from the day menstruation started)

Thank you for you assistance and cooperation

Harry Chummun,
School of Health,
University of Greenwich,
ERC (Dartford).

2/96.
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