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A B S T R A C T

Osteoporosis is a common highly prevalence public health problem 

affecting both gender in all age stages in worldwide. Little information is known about 

the bone health and lifestyle characteristics of women living in Middle Eastern 

countries in general and Saudi Arabia in specific. The complete information and 

statistical figures of osteoporosis prevalent and vitamin D deficiency among 

population it has not yet been identified. The strong correlation between dietaiy 

intake and bone health has been explored in Western populations but no data are 

available in Middle Eastern countries.

The aims of this study were four fold: (i) to examine the extent of poor 

bone health in the Saudi population of postmenopausal and premenopausal women; 

(ii) to investigate the effect of lifestyle factors including physical activity levels and 

sun-time exposure on bone integrity; (iii) to determine the extent of vitamin D 

deficiency in the population and the effect of this status on bone mass and 

calcium/bone metabolism; (iv) to evaluate the dietary quality and quantity in Saudi 

women and investigate fully the effect of diet on bone health indices.

As part of our investigation, a total of 212 Saudi Arabian apparently 

healthy women were voluntarily participated in this study. A total of 112 

postmenopausal and 100 premenopausal women. They were aged 45-60 years and 20- 

30 years respectively. Bone mineral density (BMD) was determined at the lumbar 

spine (L2-L4) and femoral neck using dual x-ray absorptiometry (DXA). Calcaneal 

bone mass was measured by broadband ultrasound attenuation (BUA). All subjects 

were interviewed concerning their habitual dietary intake, physical activity levels and 

general lifestyle. Information on dietary intake of each individual was obtained using 

3-day estimated food diaries. The amount of food consumed (in grams) for the five



food groups was calculated for each subject. Intakes were converted to frequency of 

consumption (time/d) by dividing food groups by average portion sizes. Using the 

only existing Food Composition Table for the Middle East, the nutrient values for 

energy, protein, fat, fibre, calcium, phosphorus, iron, vitamin C, vitamin D and 

potassium were chosen for the five food groups identified and calculated per lOOg. 

Bone resorption was assessed by measurement of pyridinium crosslinks (PYD) and 

(DPD) using a second morning urine sample. Bone formation was assessed by bone 

specific alkaline phosphatase (BSAP) and osteocalcin (OC). Serum 25(OH)D, 

l,25(OH)D, PTH, calcium, and phosphorus were measured.

Bone health indices indicated a high prevalence o f low bone mass in these 

groups. According to WHO criteria (WHO, 1994), a total of 52% of postmenopausal 

and 37% of premenopausal women were osteopenic at the lumbar spine. Osteoporotic 

prevalence was 13% and 2% respectively. Similar results were found for the femoral 

neck. Physical activity levels were low and exposure to sunlight was low. A 

significant correlation was found between period of sunlight exposure (min/d) and 

axial BMD and calcaneal bone mass. The ‘quality’ of food consumption by Saudi 

Arabian women does not follow the recommended food guidelines, and the intakes of 

energy, fibre and potassium in women are lower than those recommended in western 

population but intakes of phosphorus are somewhat higher. Calcium, vitamin C and 

iron are around recommended levels. Vitamin D deficiency is highly prevalent in 

Saudi women, with 78% of women being below the classical threshold of 12ng/ml.

A low milk consumption was associated with higher bone resorption in both 

postmenopausal and premenopausal women which remained significant after 

adjustment for the key confounding factors of age, weight, height and menopausal 

status. A low intake of fruit and vegetables and nutrients associated with high fruit'



and vegetable intake including vitamin C, potassium and estimates of net endogenous 

acid production were found to be related to poorer indices of bone health.

These results are a cause for concern. It indicates that bone health is poor 

and dietary and lifestyle factors are not favourable to skeletal integrity in Saudi 

Arabian women.
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BMC : bone mineral density
SD : standard deviation
BMD : bone mineral density
DEXA : dual energy x-ray absorptiometry
QUS : quantitative ultrasonometry
VOS : velocity of sound
DB : measure in decibels
BUA : broadband ultrasonic attenuation
SOS : speed of sound
QUI : quantitative ultrasound index
NSP : non starch polysaccharides
DBP : vitamin D binding protein

the committee on medical aspect of food
COMA :

policy
FFQ : food frequency questionnaires
BM I : body mass index
AP : anterior posterior
DXA : dual x-ray absorptiometry
PMT : photomultiplier tube
QA : quality assurance
ELISA : enzyme linked immuno assay
OD : optical density
PNPP : p-nitrophenyl phosphate
NIH  : national institute of health
EIA : enzyme immuno assay
TMP : tetra methyl benzidine
ANOVA : analysis of variation
ANCOVA : analysis of covariance
EARs : estimated average requirements
RDA : recommended dietary allowance
PNI : reference nutrition intake
DRVs : dietary reference values
A l : adequate intake



p phosphorus
IOM institute of medicine

APOSS
aberdeen prospective osteoporosis 
screening study

NEAP net endogenous acid production
NMG non-millc group
LMG low-milk group
HNG high-milk group
PFF Proximal femur fracture
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C h a p t e r  1  

G e n e r a l  I n t r o d u c t i o n



1.1 B o n e  health

Bones are the organs of skeletal system, together with cartilage makes up 

the skeleton. Development and maintenance of bone health is essential to skeletal 

integrity. Adult bone health is governed by two factors: the maximum attainment of 

peak bone mass (PBM) which is achieved during growth and early adulthood, and 

the rate of bone loss that occurs with ageing, with the menopausal years being a time 

of concern for women. Both aspects are determined by a combination of genetic, 

endocrine, and mechanical and nutrition factor, and there is evidence of extensive 

interaction between them.

Healthy lifestyle maintains bone health; adequate diet and regular weight 

bearing physical activity appropriate for individual are beneficial to bone health. 

Adequate vitamin D status can be achieved from exposure of the skin to sunlight. 

Diet plays an important role in the skeletal growth and maintenance of bone health 

throughout life. There are many clinical disorders associated with faulty nutrition, 

ranging from the obvious effects of deficiency of key nutrients especially vitamin D 

and calcium, to the many other dietary components that affect bone health in 

obvious or more subtle way. Calcium is the major mineral component of bone, a 

substrate for bone formation and an antiresorptive agent. Vitamin D plays a role 

along with calcium in preserving bone.

Poor bone health will result in increased risk of osteoporotic fracture. 

Osteoporosis is a major public health problem through its association with fragility 

fracture. These fractures are associated with excess mortality (hip and vertebral 

fractures) and morbidity (all fractures) and hence represent a major public health 

burden.



Bone is a highly specialized form of connective tissue. It is a complex 

living tissue where the extracellular matrix is mineralized, giving rigidity and 

strength to the skeleton with some degree of elasticity. Bones serve three functions; 

(a) mechanical supports and protects of tissues to provide a framework that enable 

body movements; (b) protective of organs and bone marrow; and (c) metabolic as a 

storage site for calcium and phosphate (Baron, 1999). Thus the most important role 

of bone is the homeostatic regulation of blood calcium levels, which is crucial for 

life. There is increasing evidence that the central control of development and 

renewal of the skeleton is more sophisticated than previously known (Ducy et al., 

2000).

1.2.1 Anatomy of bone

The bones in the body are divided into basic but overlapping shapes. The 

limb bones and many of the hand and foot bones are long bones and tubular in shape 

with expanded ends. The bones of the cranial vault, shoulder, pelvis, and rib cage 

are flat and tabular. The bones of the ankle, wrist, and spine are blocky and irregular 

(Eriksen et al, 1994). At the gross level, all bones in the skeleton have two basic 

structural components: compact and spongy bone. Compact (cortical), bone is the 

solid, dense bone found in the wall of bone shafts and external bone surfaces. 

Spongy, trabecular, cancellous bone is the porous, lightweight, honeycomb 

structure. This bone is found where tendons attach, in the vertebral bodies, in the 

end of long bones, in short bones, and sandwiched within flat bones. The molecular 

and cellular compositions of compact (cortical) and spongy (trabecular) bone tissue 

are identical; it is only the difference in porosity (Ross et al., 1995).

1.2 B o n e
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At the molecular level a bone tissue is basically the same in all mammals. 

The first component is a large protein molecule known as collagen, which 

constitutes about 90% of bone organic content. Collagen molecules intertwine to 

form flexible, slightly elastic fibers in bone. A dense inorganic filling of 

hydroxyapatite [Caio (P04)6 (OHE], the second component, stiffens the collagen of 

mature bones. Bone is a highly connective tissue. There are two surfaces at which 

the bone is in contact with the soft tissues: an external surface (the periosteal 

surface) and an internal surface (the endosteal surface). These surfaces are lined with 

osteogenic cells organized in layers, the periosteum and the endosteum (Baron, 

1999).

Three primary cell types are involved in forming and maintaining bone 

tissue. Osteoblasts are bone-forming cells responsible for synthesizing and 

depositing bone material. Osteoblasts are often concentrated beneath the periosteum. 

They make large quantities of a material known as osteoid (pre-bone tissue), an 

uncalcified organic matrix rich in collagen. Calcification of bone occurs when 

hydroxyapatite crystals deposited into the osteoid matrix and when surrounded by 

bony matrix, the osteoblasts are called osteocytes.

These osteocytes cells are reside in lacunae and responsible for 

maintaining bone tissue. Osteoclasts are responsible for the resorption (removal) of 

bone tissue. Remodeling of bone takes place at the cellular level as osteoclasts 

remove bone tissue and osteoblasts build bone tissue. These opposing processes of 

bone formation and resorption allow bones to maintain or change their shape and 

size during growth (White, 2000).

1.2.2 M o l e c u l a r  structure of b o n e



The composition of bone allows it to perform its mechanical, protective 

and homeostatic functions. This composition varies with age, anatomic location, diet 

and health status. Mineral accounts for 50% to 70% of adult mammalian bone, the 

organic matrix for 20% to 40%, water for 5% to 10%, and lipids for <3% (Lian et al.,

1999). The mineral, an analogue of the geologic mineral, hydroxyapatite [Cajo (PO4) 

6 (OH) 2], provides mechanical rigidity and load bearing strength to the bone 

composite. In contrast to large geologic hydroxyapatite crystals, bone mineral 

crystals are extremely small (~ 200 A in their largest dimension). Bone mineral 

contains numerous impurities (carbonate, magnesium, acid phosphate). These small 

imperfect crystals are more soluble than geologic apatite, allowing bone to act as a 

reservoir for calcium, phosphate, and magnesium ions (Glimcher, 1998).

Calcium and phosphate ions are required for normal bone formation. 

Calcium and phosphate deficiency impair mineralization. Calcium deficiency result 

in increased resorption, as bone being used as a reservoir to maintain extracellular 

calcium concentration. Phosphate acts as a regulator of bone metabolism (Marcus et 

al, 1996).

1.2.3 B o n e  mineral a n d  mineralization
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1.3 B o n e  m e t a b o l i s m

Osteologists distinguish between “modeling” as bone sculpting during 

growth, and “ remodeling ” as the process of continuous removal and replacement of 

bone during life. Proper Bone formation, growth, and repair are critically dependent 

on the accurate organization of all these processes. A variety of systemic hormones, 

such as the growth hormone (GH)- insulin-like growth factor-1 (IGF1) signaling 

system, thyroid hormone, estrogens, glucocorticoids, and vitamin D regulate these 

processes (Gorski, 1998).

1.3.1 Bone growth and modelling

The framework of the skeleton is apparent early in fetal developments, 

long before mineralization. The long bones attain their future shape and proportions 

and left-right symmetry by about 26 weeks of gestation. The skeleton of a newborn 

baby has about 25g of calcium, an acquired from the maternal placental circulation. 

From birth to the end of pubertal period of growth, the healthy child increases in 

length by about threefold, and accumulates large quantities of calcium and 

phosphate within the skeleton (Gertner, 1999).

The size and shape of each bone and of the whole skeleton are genetically 

predetermined but growth and the environment influence the expression of this 

potential. Endocrine factors, nutrition, physical forces and local growth factors all 

contribute.

In childhood, the skeleton is modelled to meet the needs for growth and 

strength. Growth in length of bones occurs in the layer of epiphyseal cartilage (the 

growth plate) by a process of chondrogenesis followed by ossification. This ceases 

at maturity. Growth in width of bones occurs by intramembranous ossification and
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continues at a slow rate through out life while endosteal resorption also continues 

over the life span. These processes constitute modeling (Heaney, 1994).

Bone grows in size during the first two decades of life, with a spurt 

during adolescence. This is followed by a period of consolidation. Peak adult bone 

mass is reached at a bout the age of 28 years for cortical bone and a little earlier for 

trabecular bone (Recker et al., 1992).

1.3.2 Bone remodelling

The adult skeleton is in a dynamic state, continually broken down and 

reformed by the action of osteoclast and osteoblast this occurs at sites that are 

mechanically weakened by stress and where stress micro fractures may develop. 

Bone remodeling operates to renew ageing bone, to remove fatigue fractures, to 

adept the skeleton to physical stress (related to physical activity and load bearing) 

and to release ionized calcium as needed. . The actual stimulus for initiation of 

remodelling cycle is unknown. The remodeling cycle at both cortical and trabecular 

sites involves a similar sequence of cellular activity. It occurs throughout the 

skeleton but dominant in trabecular bone since this has ten times the surface area of 

cortical bone (Riggs and Melton, 1992).

An initial phase of osteoclastic resorption is followed by a prolonged 

phase of bone formation mediated by osteoblasts. Initially osteoclasts excavate a 

resorption pit. Then osteoblasts are migrating to line the pit (Figure 1.1). These cells 

create an osteoid matrix which fills the pit and which is subsequently mineralized. 

In young adults, the creation of resorption pits with release of calcium is matched by 

the calcification of newly formed osteoid repairs to earlier pits. Thus there is no net 

change in calcium balance (Kanis, 1994). In the menopause, an increase in the rate
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of bone resorption leads to the creation of many more resorption pits but bone 

formation fails to increase to restore the lost bony tissue completely. This results in 

an overall loss of bone (osteoids, cells and mineral) from the skeleton and this is 

more rapid in trabecular bone because of its large surface area. The amount of bone 

made under normal condition equal to the amount removed. When this balance is 

upset, bone loss occurs. In most bone diseases (osteoporosis, hyperthyroidism, 

hyperparathyrodism), bone resorption is increased more than bone formation 

(Benker etal., 1988.)



Resorption Reversal

Formation

Resting

B

Formation
(Closing
Cone)

Reversal Resorption
(Cutting
Bone)

Figure 1.1: Bone remodelling in trabecular (A) and cortical (B) bones (From Riggs 
and Melton, 1992)



The organic phase of bone is principally composed of collagen (90%) 

and other smaller matrix proteins, glycoproteins and proteoglycans. The cellular and 

extracellular components of the skeletal matrix form the basis for the development 

of biochemical markers that specifically reflect either bone formation or bone 

resorption. The skeleton throughout life undergoes continuous remodling with 

removal of old bone and replacement with new bone. Bone turnover is always 

initiated by osteoclasts eroding a mineralized surface. When osteoclasts resorb bone, 

they secrete a mixture of acid and neutral proteases that act sequentially to degrade 

the collagen fibrils into molecular fragments.

The biochemical markers of bone resorption therefore include collagen 

breakdown that include hydroxyproline (HYP), hydroxylysine glycosides and the 

pyridinoline cross-links (PYD). These cross-links range in size from the free amino 

acids to segments of the N- telopeptides (NTX-I) and C- telopeptides domains 

(CTX-I) (CTX-MMP). Other markers of bone resorption include tartrate-resistant 

acid phosphatase (TRACP) and bone sialoprotein (BSP). The process of bone 

resorption is followed by the recruitment of osteoblasts to the outer edge of the 

erosion cavity.

The biochemical markers of bone formation are products of osteoblastic 

synthesis. These include N- and C- propeptides of type I collagen (PICP)(PINP), 

osteocalcin (OC) and bone-specific alkaline phosphatase (BSAP) (Garnero et al., 

1996; Tsukahara et al., 1996). There is much interest in whether the predictive value 

in respect of future bone loss is improved if markers both of formation and

1.3.3 Biochemical m a r k e r s  of b o n e  m e t a b o l i s m
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resorption are assessed simultaneously to reflect the dynamic process of bone 

turnover (Johnell el al., 2001).

1.3.3.1 Markers of bone formation 

Osteocalcin:

Osteocalcin is a small protein (49 amino acids) synthesized by mature 

osteoblasts, odontoblasts, and hypertrophic chondrocytes. It is characterized by the 

presence of three residues of the calcium-binding amino acid, y-carboxyglutamic 

acid (Gla), these Gla residues are responsible for facilitating the binding of the 

protein to hydroxyapatite and maintaining its secondary structure (Gundberg, 2001). 

Osteocalcin is deposited in the extracellular matrix of bone, but a small amount 

enters the blood. Serum osteocalcin is a sensitive and specific marker of osteoblastic 

activity and its serum level reflect the rate of bone formation. Serum levels of 

osteocalcin are elevated in patients with diseases characterized by high bone 

turnover rate and reflect the expected changes in bone formation. The chief route of 

circulating osteocalcin catabolism is renal glomerular filtration and degradation. The 

plasma half-life is about 20 min in humans. Osteocalcin levels follow a circadian 

rhythm characterized by a decline during the morning to a low around noon, 

followed by a gradual rise, which peaks after midnight (Gundberg et al., 1985). The 

major advantages in using osteocalcin as a clinical index of bone turnover its tissue 

specificity, wide availability and relatively low variation within person (12% -  

22%).
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Alkaline phosphatase:

Alkaline phosphatase (ALP) (orthophosphoric- monoester 

phosphohydrolase) belongs to a large group of proteins that are attached to the 

extracellular surface of cell membranes via a carboxyl-terminal glycan- 

phosphatidylinositol (GPI) anchor (Moss, 1982; Low and Saltiel, 1988). Although 

the exact metabolic function of ALP is unknown, it is an enzyme that catalyses the 

alkaline hydrolysis of monophosphate ester groups and is present in high 

concentration in the intestinal epithelium, kidney tubules, bone, liver and placenta 

(Harris, 1989). Four gene loci code for ALP: the three tissue-specific genes encode 

the intestine, mature placenta and germ cell enzymes and the tissue-nonspecific (tns) 

gene is expressed in numerous tissues (including bone, liver, kidney and early 

placenta). Tissue nonspecific ALPs are the products of a single gene, but tissue 

specific differences are found in their electrophoretic mobility, stability to heat and 

sensitivity to a variety of chemical inhibitors. These differences are due to variations 

in their carbohydrate side chains (Weiss et ah, 1988).

The bone isoform of ALP is produced by osteoblasts as a tetramer and is 

initially anchored to the outer surface of the osteoblast cell membrane to inositol via 

a glycan ester (glycosylphosphatidylinositol) (Seargeant and Stinson, 1979). Bone 

ALP is released from the osteoblast cell surface via a 

glycosylphosphatidylinositolspecific phospholipase D enzyme. The phospholipase 

enzyme cleaves ALP from the outer surface of the membrane, releasing it into the 

circulation in two forms:

(1) An anchorless, soluble dimeric form.

(2) An anchor-intact, insoluble form (Anh et al., 1998).



The anchorless, soluble form predominates and constitutes 35 -  40% of the total 

ALP found in the circulation in health. With either hepatobiliary or bone disease, 

these different isoform differ in their concentration in blood. Its primary 

physiological role in bone is associated with calcification of the skeleton and bone 

formation. Bone ALP catalyses the hydrolysis of phosphate esters at the osteoblast 

cell surface to provide a high phosphate concentration for the bone mineralization 

process as part of the osteoblast cell role in bone remodelling (Fishman, 1990). As a 

result, bone ALP level is raised in the circulation during periods of active bone 

formation and bone growth. During life, there are two age-dependent physiological 

peaks of high bone ALP activity, during infancy and at the time of puberty when 

bone growth is accelerated by the effects of sex steroids (Behnke, 1998).

Earlier methods for bone-specific ALP measurements relied on the 

physicochemical properties of the enzyme and on the instability of the enzyme in the 

present of elevated temperatures (Moss and Witby, 1975).

The heat-inaetivation methods:

Take advantage of the fact that the bone isoform is more susceptible to 

higher temperatures than the liver isoform. Patient samples are incubated at 56°C for 

10-min, and the difference in enzyme activity before and after incubation at 56°C 

typically reflects the bone isoform contribution to total enzyme activity. 

Electrophoresis:

On a garose gels following precipitation with neuraminidase. 

High-performance liquid chromatography:

Has also been used to separate the liver and bone isoforms. These 

methods are tedious, time-consuming and not practical in the setting of routine 

clinical laboratory testing (Moss and Edwards, 1984; Magnusson et al, 1992).
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The development of monoclonal antibodies, which react, with the bone- 

specific isoform of ALP in the late 1980 was considered a breakthrough for the 

routine assessment of this isoform of ALP enzyme by immunoassay (Hill and 

Wolfert, 1989).

(1) Tandem-R Ostase: The first commercial two-site immunoassay relies on the 

use of two monoclonal antibodies, both of which react preferentially with the bone 

isoform. This assay measures the mass amount of the enzyme in a two-site 

immunoradiometric assay (Garnero and Delmas, 1993). This assay required an 

overnight incubation and provide low degree of cross-reactivity with liver ALP.

(3) Tandem-MP Ostase: To improve on assay time for bone-specific ALP, 

Hybritech developed an activity-based assay. This assay uses a single 

biotinylated monoclonal antibody to bind the serum bone ALP, followed by 

the addition of the p-nitrophenyl phosphate substrate to produce an activity- 

based result (Broyles et al., 1998). This activity assay uses a 60-min 

incubation time.

(4) Metra Biosystems, Alkphase-B: This immunoassay based on enzyme 

activity measurements for bone-specific ALP. This assay uses a single 

monoclonal antibody that is bound to a microtiter plate and captures bone 

ALP from the serum followed by reactivity with the substrate p-nitrophenyl 

phosphate to assess enzyme activity (Gomes et al, 1995). This assay 

required a 3-hours incubation.

Measurement of bone ALP along with a specific bone resorption marker allows 

determining whether coupling of bone resorption to bone formation is normal.

Immunoassay methods:
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1.3.3.2 Markers of bone resorption 

Pyridinium cross-links:

Newly deposited collagen fibrils in the extracellular matrix are stabilized 

by intramolecular and intermolecular cross-links. The main cross-links in skeletal 

tissues are the trivalent structures, deoxypyridinoline (DPD) and pyridinoline 

(PYD). The pyridinoline cross-links occur at two sites placed symmetrically at about 

90 residues from the ends of the 1000-residue helical domain in the collagen fibril 

(Figure 1.2). Pyridinolines act as mature cross-links in types I, II and III collagens of 

all major connective tissues other than skin (Eyre et al, 1984, 1988). One of the 

first maturation products of the intermediated cross-links to be identified was 

pyridinoline (PYD) or hydroxylysyl pyridinoline (HP), a trifunctional 3- Hydroxy- 

Pyridinium compound (Fujimoto et al., 1978). An analogue, deoxypyridinoline 

(DPD) or lysyl pyridinoline (LP) has identified in bone (Ogawa et al., 1982) (Figure 

1.3). Bone represents the major reservoir of total collagen in the body and turns over 

faster than most major connective tissues (Eastell et al, 1997). Osteoclasts attach to 

the bone surface and secrete acid and hydrolytic enzymes that resorb bone, releasing 

bone minerals and collagen fragments. There are only 40-50% of the Pyridinium 

cross-link are free and 60% are peptide-bound, many investigators have measured 

total pyridinolines (peptide bound plus free). Their concentrations in urine reflect 

only the degradation of insoluble collagen fibers and not of any precursors. The ratio 

PYD: DPD in urine is similar to the ratio in bone suggesting that both are derived 

predominantly from bone. DPD is described as a more bone-specific marker since it 

is more restricted to mineralized tissues (Seibel et al., 1992). The Pyridinium cross

link markers provide distinct advantages. First, they are not influenced by dietary 

intake (Colwell et al., 1993). Second, they are formed only at the final stages of
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fibril formation and therefore unaffected by degradation of newly synthesized 

collagen. Finally, they are not further metabolized nor are they reused in collagen 

biosynthesis.

Initially, the assays for Pyridinium cross-links were:

(1) HPLC methods:

With a hydrolysis by acid of the urine sample to liberate peptide bound 

and conjugated forms, followed by solid-phase extraction, separation by HPLC, and 

Quantitation by fluorescence (Eyre et al, 1984; Black et al, 1988); despite later 

automation of the procedure (Pratt et ah, 1992), these procedures considered time- 

consuming.

(2) Immunoassay method:

The observation that the ratio of free to peptide-bound cross-links was 

similar in mine from healthy individuals and patients with metabolic bone disorders 

(Robins et al, 1990; Abbiati et al, 1993) opened the way for direct analysis of urine 

samples without the need for the hydrolysis step. This in turn led to the 

development of specific immunoassays for DPD (Robins et al, 1994) or for both 

Pyridinium cross-links (Gomez et al., 1996). Commercial kits are available which 

measure both DPD and PYD in combination (Pyrilinks II, METRA Biosystems) or 

DPD alone (Pyrilinks D, METRA Biosystems). Urine for measurements of bone 

turnover markers should be collected as random, fasting, 2-hours post-voiding 

samples.
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C r o s s - l i n k e d  N - t e l o p e p t i d e s

C r o s s - l i n k e d  C _t e l o p e p t i d e s

Figure 1.2: Cross-linked N-and C-telopeptides of type I collagen (From Seibel et 
al, 1992)
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Figure 1.3: Structure of the pyridinium cross-links, pyridinoline (PYD) and 

deoxypyridinoline (DPD) (From Seibel et al., 1992)
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1.4 C a l c i u m  m e t a b o l i s m

1.4.1 Calcium

Calcium is the most important mineral constituent of the skeleton. The 

adult skeleton contains about 1 kg of calcium and is in equilibrium with the plasma 

calcium at a concentration of about 2.25-2.60 mmol/1 (9-10.4 mg per 100ml). Fifty 

percent of the extra skeletal calcium is found in the extracellular fluid (ECF). 

Changes in the concentration of plasma-ionized calcium are usually accompanied by 

changes in the total amount of calcium in the extracellular fluid since there is a 

passive distribution of ionized calcium throughout the ECF compartment. Within the 

plasma 50% of calcium is bound to proteins, mainly albumin (Smith, 2000).

Calcium balance is a function of the integrated fluxes across gut, kidney 

and bone. Calcium normally enters the body only by its intestinal absorption 

(Russell, 2001). The true absorption of calcium is greater than the net absorption 

because some calcium is returned to the gut lumen in biliary, pancreatic and 

intestinal secretion. Absorption occurs throughout the length of the small intestine 

and depends both on active transport and simple passive diffusion processes across 

the gut cell wall. The major sites for active transport are in the duodenum and upper 

part of the jejunum and predominate when the dietary intake of calcium is low and 

depend on vitamin D. A large amount of calcium is filtered and most of them are 

reabsorbed so that only 1-3% is excreted into the urine (Kanis, 1994). Studies with 

radioisotopes (calcium and strontium) have shown that in normal human adults there 

is a large exchangeable pool of calcium between bone and die ECF. This 

exchangeable pool of calcium is important in plasma calcium homeostasis (Staub et 

al., 1989), but should be distinguished from the movements of calcium that occur in 

bone as a result of mineralization and bone resorption. Provided diat serum calcium
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is stable, the total excretion of calcium reflects the net input of calcium to the ECF, 

largely from gut and skeletal sources.

These fluxes are continually changed and are affected by a variety of 

factors including several hormones. These hormones can be subdivided into 

controlling and influencing hormones. The controlling hormones are the major 

regulating hormones such as parathyroid hormone (PTH) increases renal tubular 

reabsorption of calcium and bone resorption, calcitonin (CT) inhibits bone 

resorption and 1,25-dihydroxyvitamin D (calcitriol) increase intestinal absorption 

for calcium, the secretion of each of which is altered in response to changes in 

plasma ionized calcium concentrations. The influencing hormones are those other 

hormones such as thyroid hormones (TH), growth hormones (GH) and adrenal and 

gonadal steroids which have important effects on calcium metabolism but whose 

secretion is determined primarily by factors other than change in plasma calcium 

(Russell, 2001).

Calcium balance

Falling blood calcium signals the parathyroid glands to secrete PTH, then

PTH stimulates the activation of vitamin D. Both PTH and vitamin D stimulate 

calcium reabsorption in the kidneys. Vitamin D enhances calcium absorption in the 

intestines. Vitamin D and PTH stimulate osteoclast cells to break down bone, 

releasing calcium into the blood. All these actions result in higher blood calcium 

levels, which inhibit PTH secretion.

Rising blood calcium signals the thyroid gland to secrete calcitonin, 

which inhibits the activation of vitamin D. Calcitonin prevents calcium reabsorption 

in the kidneys and limits calcium absorption in the intestines. It also inhibits 

osteoclast cells from breaking down bone, preventing the release of calcium. These
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actions result in lower blood calcium levels, which inhibit calcitonin secretion 

(Parfitt, 1980).

1.4.2 Parathyroid hormone

Parathyroid hormone (PTH) is a hormone synthesized by the chief cells of 

the parathyroid gland. PTH consists of a single polypeptide chain containing 84 

amino acids, but only the first 32-34 amino acids (reading from the N-terminal end) 

are necessary for biological activity. PTH cleavage occurs naturally, partly in the 

liver, to produce a short N-terminal biologically active fragment and a larger 

inactive C-terminal fragment. This cleavage may be necessary for PTH to act on 

bone (Kanis, 1994). In the circulation, PTH consists of several polypeptide 

fragments that are degraded in the liver and kidney (Juppner et al, 1999).

The major stimulus to PTH secretion is a decrease in the plasma calcium. 

The target organs for PTH action are bone, kidney and indirectly on gut. PTH acts 

on the kidney to increase mainly the distal tubular reabsorption of calcium and to 

depress the proximal tubular reabsorption of phosphate. This action gives a rise in 

plasma calcium and a fall in plasma phosphate. On bone, PTH stimulates osteoclasts 

to resorb bone, with an increase in their numbers and activities. Osteoblasts mediate 

this action since isolated osteoclasts do not respond because they contain no PTH 

receptors. A direct effect of PTH on osteoblasts has been demonstrated in cell and 

organ culture. When isolated osteoblasts are treated with PTH they secrete factor(s) 

that stimulate osteoclasts to resorb bone (McCauley et al, 2001).

Furthermore, PTH stimulates the activity of the renal la-hydroxylase, 

there by enhances the synthesis of 1,25 (OH)2D3 , which in turn increases the 

intestinal absorption of calcium and phosphate (Potts and Juppner, 1997).
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Vitamin D is derived from two sources, namely exogenous (diet) and 

endogenous (skin). Vitamin D is the generic term for two molecules. Ergocalciferol 

(VitaminD2) and Cholecalciferol (Vitamin D3). The former is derived by UV 

irradiation of the ergo sterol that is widely distributed in plants and other fungi 

where as the later is formed from the action of UV irradiation on the skin. During 

exposure of skin to sunlight, 7-dehydrocholesterol (7-DHC) absorbs solar radiation 

with energies between 290 nm and 315 nm, which, causes the transformation of 7- 

dehydrocholesterol to previtamin D in the skin (DeLuca, 1988). Once formed, 

previtamin D undergoes a temperature-dependent isomerization over a period of a 

few hours, which is then metabolized to Vitamin D.

Vitamin D production by the skin is related to latitude, because clouds, 

ozone and other forms of atmospheric pollution absorb the short UV wavelengths of 

light necessary for the photo conversion of 7-dehydrocholesterol as they pass 

through the atmosphere. At higher latitudes the angle of the sun’s rays is greater, so 

the path through the atmosphere is longer and less UV-B reaches the earth ’s 

surface. In Scandinavia and the UK (55° N), plasma 25(OH)D levels vary from 

winter to summer, conversion of 7-dehydrocholesterol occurs only between April 

and September (Stamp and Round, 1974). Similarly in Canada (52° N), conversion 

only occurs from April to September (Vieth, 2000). In Boston, USA, at latitude 

(42.2° N), the photo conversion of 7-dehydrocholesterol occurs only between March 

and October (Webb and Holick, 1988). By contrast, in countries nearer to the 

equator, such as Saudi Arabia at latitude (20° N) and Puerto Rico (18° N) there is no 

evidence of seasonal variation, 7-dehydrocholesterol conversions in winter is similar 

to the summer months (Ghannam et al, 1999; Loveridge, 2000). The amount of

1.4.3 V i t a m i n  D
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UV-B radiation penetrating the epidermis is influenced also the degree of melanin 

pigmentation of the skin, (if the skin is more pigmented it requires longer exposure 

to UV-B radiation to produce enough quantities of vitamin D), the amount of 

clothing covering the skin, window glass and sunscreens. The occurrence of several 

of these factors together may cause vitamin D deficiency (Pettifor et al, 1996).

Despite the assumption that abundant sunshine ensures a decent vitamin 

D supply, people living in those sunny climes are not ensured of desirable vitamin D 

concentration. Culture, clothing, and shelter minimize the natural production of 

vitamin D by the skin (Vieth, 2000). In humans, synthesis in the skin provides the 

major contribution of vitamin D probably better than 80% (Heaney et al, 2001), but 

the smaller dietary component is also of significance.

Vitamin D is stored in adipose tissue and muscle (Pettifor, 2003). 

Schroder and colleagues verifying that the active vitamin D metabolites are stored in 

adipose tissue that can in turn be released for target tissue uptake (Schroder et al,

2000). It is well known that obesity is a protective factor for osteoporosis, which 

may be explained, in part, by the storage and release of active vitamin D metabolites 

in the adipose tissue (Ricci et al, 1998). The lipid nature of vitamin D and its 

metabolites limit their concentration within the circulation, but a specific vitamin D 

transport protein (an <X2 globulin) binds a number of vitamin D metabolites 

(Loveridge, 2000). Either vitamin D3 or D2 have biological effect until they are 

converted to 25(OH)D3 or D2 in the liver by the enzyme 25-hydroxylase (Blunt et 

al, 1968; DeLuca, 1979) and then to l,25(OH)2 D3 or D2 in the kidney by the 

enzyme la  hydroxylase (Fraser and Kodicek, 1970). The rate of conversion to 

l,25(OH)2D by the kidney is PTH dependent.
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Many studies report a fall in the circulating concentration of 25(OH)D 

and 1,25 (OH)2 D with advancing age (Fujisawa et al, 1998; Blunosohn and Eastell, 

1995). As the skin ages it is less efficient at synthesising vitamin D under the 

influence of sunlight (Jacobsen et al., 1991) because of the thickness of the 

epidermis that declines with age. The amount of the 7-dehydrocholesterol is also 

reduced with age (Holick et al., 1989). Gastrointestinal absorption of vitamin D is 

less efficient in older people (Barragiy et al., 1978) and there is age-associated 

reductions in 1 alphahydroxylase in the kidney may impair the conversion of 

25(OH)D to l,25(OH)D. There is also an age-associated decline in the trophic 

effect of PTH in enhancing the production of l,25(OH)2D in the kidney (Tsai et al, 

1984).

Plasma concentration of l,25(OH)2D is regulated too closely to be a 

sensitive measure of vitamin D status. The most commonly used index of status is 

plasma 25(OH)D that reflects both skin synthesis and dietary intake. The normal 

range is 25-75 nmol / 1. At all ages, from neonates to older people, lower plasma 

levels of 25 (OH)D are associated with higher levels of PTH (Zeghoud et al, 1997; 

Khaw et al., 1994). Low plasma phosphate and raised chloride levels characterize 

the early stages of vitamin D inadequacy. If  compensation fails, the level of alkaline 

phosphatase usually rises and eventually calcium may fall. Very low levels of 

plasma 25(OH)D (below 12 mmol/1) are associated with clinical disease such as 

osteomalacia and rickets.

1.4.3.1 Vitamin D metabolites

Many improvements been introduced within the last few years with 

respect to the methods of assessing circulating vitamin D metabolites. The current
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assays are all stand-alone types as opposed to multiple-metabolite assays described 

in years past (Horst et al., 1981; Lambert et al., 1981); the stand-alone format was 

chosen because in a clinical situation, a battery of vitamin D metabolite values is 

seldom required. The assays for 25(OH)D and l,25(OH)2D have been optimized as 

single metabolite procedures (Hollis et al., 1993). From a clinical standpoint only 

measurements of circulating 25 (OH) D and 1,25 (OHL D supply useful 

information.

Measurement of 25-Hydroxyvitamin D

The most abundant metabolite of vitamin D in human plasma is 25 (OH) 

D. The high circulating concentrations of 25(OH)D make this metabolite a useful 

indicator of vitamin D status. Standard methods to measure 25(OH)D in biological 

specimen are high-performance liquid chromatography (HPLC), competitive 

enzyme binding protein assay (CBPA) and radioimmunoassay (RIA) (Bruce et al., 

1999).

1) High-performance liquid chromatography (HPLC)

The most successful approaches to measuring 25(OH)D have involved 

extraction of analyte from sample, followed by chromatographic purification, and 

measurement by absorptiometiy of eluant from a chromatograph (HPLC) (Vieth et 

al., 1995). 25(OH)D is mainly bound to a binding protein, therefore an initial 

extraction step using acetonitrile or methanol is required for release of the analyte 

from the binding protein. Further purification can be performed by solid phase (Oi8- 

cartridges) or solvent (methylen chloride or chloroform) extraction. Subsequent 

evaporation to dryness is necessary for both methods to concentrate the sample.
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Most of the HPLC- separations are based on regular phase columns (non-derivation 

silica) using in many cases hexane/isopropanol mixtures as mobile phase (Oberrauch 

et al., 1999)

2) Competitive enzyme binding protein assay (CBPA)

The second approach was competitive protein-binding of the purified 

analyte with tritium-labeled 25(OH)D3 . These established methods all require the 

monitoring of, and correction for analyte recovery. To overcome the limitations of 

instrumentation respectively the use of radioactive isotopes, the competitive enzyme 

binding protein assay (CBPA) have been developed (Vieth et al., 1995). This assay 

is performed in a 96-well microtiter plate and uses human Gc-globulin (vitamin D 

binding protein) a biotinylated 25 (OH) D analogue as tracer, and peroxidase as 

reporter enzyme. There are two assay procedures for the competitive enzyme 

binding protein assay (CBPA) in measuring 25(OH)D in human plasma samples; 

Gc-globulin is directly labeled with horseradish peroxidase, or indirectly detected 

with a rabbit anti-Gc-globulin antibody. Gc-globulin is either directly labeled with 

peroxidase (periodate coupling according to the method of Nakane and ICawaoi, 

1974, or indirectly using rabbit anti- Gc-globulin antibody. In the second case, Gc- 

globulin is first reacted with anti-Gc-globulin and then with a peroxidase labeled 

second antibody (Hollis, 1996).

Vitamin D is first extracted from serum or plasma by ethanol precipitation 

of the proteins. 25-50 pi samples are mixed with 4 volumes of ethanol, incubated for 

30 at —20 °C and then centrifuged at 3000 X g for 5 minutes. The supernatants are 

used directly in the assay. The biotinylated 25(OH)D (tracer) is bound to the wells 

of streptavidin coated plates. After washing 20 pi of extracted standard or sample
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and Gc-globulin are incubated for 2 to 4 hours or alternatively overnight at 4 °C. 

25(OH)D in the extract competes with the 25(OH)D bound to the surface for the 

binding pocket of the Gc-globulin. Thus the amount of bound binding protein is 

inversely correlated to the concentration of 25(OH)D present in the sample. Finally, 

the peroxidase is quantitated by incubation with tetramethylbenzidine (TMP) and 

this reaction stopped after 20 minutes with 50 pi 0.1 NaH2SC>4 (Hawa et al, 1999).

3) R a d io im m u n o a s s a y  (R IA )

The first valid Radioimmunoassay for assessing circulating 25(OH)D was 

introduced in 1985 (Hollis and Napoli., 1985). This RIA eliminated the need for 

sample prepurification before assay. The method was still based on using 

[3H]25(OH)D as tracer. This shortcoming was resolved in 1993 when an 125I-labeled 

tracer was developed and incorporated into the RIA for 25(OH)D (Hollis et al., 

1993). This I-based RIA was designed around an antisera raised against the 

synthetic vitamin D analogue 23,24,25,26,27 pentanorvitamin D-C(22)-carboxylic 

acid. Coupling this compound to bovine serum albumin allowed the generation of 

antibodies that cross-reacted equally with most vitamin D metabolites.

1.4.4 Calcitonin

Calcitonin (CT) is a 32- amino-acid polypeptide hormone is produced by 

the C cells of the thyroid gland, which originate from the neural crest. It was 

originally identified as a hypocalcemic factor (Copp et al, 1962). Its main biologic 

effect is to inhibit osteoclastic bone resorption. This property led to its use for 

disorders characterized by increased bone resorption as in osteoporosis, in which 

their is increase in bone resorption (Carstens & Feinblatt, 1991). Calcitonin also
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was reported to inhibit osteocytes and stimulate osteoblasts. CT mediates its 

biological effects through the CT receptor (CTR). Ambient calcium concentration is 

the most important regulator of CT secretion. When blood calcium increases acutely, 

there is a proportional increase in CT secretion, and an acute decrease in blood 

calcium. Calcitonin degradation by the kidney, liver, bone and the thyroid gland. 

Most investigators find that women have lower CT levels than men and the serum 

concentration of CT decline with age (Deftos and Nolan, 1997).
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1 .5  O s t e o p o r o s is

The term inology associated w ith  osteoporosis was developed in  the 

nineteenth century by G erm an pathologists to  distinguish osteom alacia, osteoporosis 

and osteitis fibrosa cystica. Later, w hen X -rays w ere available, osteoporosis was not 

read ily  distinguished from  osteom alacia and the tw o w ere often considered together. 

In  1941, F u lle r A lb rig h t and colleagues defined osteoporosis pathologically as ‘a 

condition in  w hich there is lack  o f bone tissue, but that tissue w h ich  rem ains is fu lly  

calc ified  ’ (A lb rig h t et a l 1941). This differentiated it  from  osteom alacia, a 

condition invo lv ing  fa ilu re  o f bone m atrix  m ineralization, usually caused by 

deficiency in  v itam in  D  or disturbance in  v itam in  D  m etabolism .

D e fin itio n  o f osteoporosis and osteopenia that are now  w id e ly  accepted 

are: Osteoporosis is a progressive systemic skeletal disorder characterized by lo w  

bone mass and m icro-architectural deterioration o f bone tissue w ith  a consequent 

increase in  bone fra g ility  and risk  o f fracture, (A non, 1993). There is proportional 

loss o f a ll bone elem ents, cells, osteoid and m ineral. The bone becomes porous, 

because o f the im balanced action o f  form ing and resorbing cells (D em pster and 

Lindsay, 1993; Riggs and M e lto n , 1992). The defin ition  proposed by a W o rld  

H ealth  O rganization expert (W H O ) group in  1994 was:

“ A  disease characterized by lo w  bone mass and m icro-architectural deterioration o f  

bone tissue, leading to enhanced bone fra g ility  and a consequent increase in  fracture 

risk” (W H O . 1994).

The categories o f the disease are defined in  term s o f bone m ineral mass density as 

fo llow s

N o rm a l -  a value fo r bone m ineral content (B M C ) or bone m ineral density (B M D ) 

w ith in  one standard deviation (S D ) o f the young adult reference m ean fo r that

28



gender. (There are no absolute standard values other than lo ca lly  derived population  

m eans.)

L o w  B one Mass (osteopenia) -  a value fo r B M C  or B M D  m ore than one S D  below  

the young adult m ean but less than 2 .5  SD  below  this value.

O steoporosis -  a value fo r B M C  or B M D  2 .5  SD  or m ore below  the young adult 

m ean. Severe or established osteoporosis is the same but coupled w ith  the presence 

o f one or m ore fractures (B ro il, 1996).

Osteoporosis is the m ost prevalent m etabolic bone disease in  the U nited  

States, Europe and other developed countries. The c lin ica l significance o f  

osteoporosis arises from  the fractures; the com m on ones are vertebral, forearm , and 

fem oral neck. V ertebral com pression fractures occur at an earlier age than fem oral 

neck fractures and occur in  trabecular rather than cortical bone. There is an 

increased m ortality  rate fo llo w in g  both h ip  and vertebral fractures. The m ost 

im portant determ inants o f osteoporosis are the peak bone mass attained in  early  

adulthood and the am ount o f bone lost w ith  aging (S m ith , 2 0 00 ). Peak bone mass 

has been defined as the highest leve l o f bone mass achieved as a result o f  norm al 

grow th. The am ount o f bone present in  the young adult (w hen bone mass is at peak) 

is determ ined by genetic factors (M a tk o v ic  et al, 1999), gender, physical activ ity  

(Lanyon and R ubin, 1983), horm onal status and the nutritional intake, w hich  

includes calcium  (H eaney, 1996). M o st risk  factors are in  fiv e  m ajor categories: age 

or age related; genetic; environm ental; endogenous hormones and chronic diseases; 

and physical characteristics o f  bone (W asnich, 1999)(Tab le  1 .1 ). Osteoporotic 

fractures increase w ith  age; w rist fractures show a rising incidence in  the 50s age 

group, vertebral fractures in  the 60s age group, and hip fractures in  70s age group 

(F igure 1.4). There is at least tw o fo ld  higher incidence am ong w om en compared
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w ith  men fo r a ll age-related fracture sites. This can be explained by the fact that life  

expectancy is longer fo r wom en and due to the hormonal changes, w hich occur w ith  

menopause.

A n n u a l  i n c i d e n c e  p e r  
1 0 0 0  w o m e n

A g e

F ig u re l.4 : Representation o f the incidence rates fo r vertebral, colies and hip  
fractures in wom en (From  W asnich, 1999)

30



Table 1.1: Risk factors for osteoporosis (From Wasnich, 1999)

A ge

Each decade associated w ith  1.4 -  1 .8- fo ld  increase 

G en etic

E thn icity: Caucasians and O riental >  blacks and Polynesians 

Gender: Fem ale >  m ale  

F am ily  history

E n v iro n m e n ta l

N u tritio n ; calcium  deficiency

Physical activ ity  and m echanical loading

M edications, e .g ., corticosteroids

Sm oking

A lcoho l

Falls (traum a)

E ndogenous H orm ones an d  C h ro n ic  Diseases

Estrogen deficiency  

Androgen deficiency

C hronic diseases, e.g ., gastrectom y, cirrhosis, hyperthyroidism , 

H ypercortisolism

P hysica l C h a ra c te ris tics  o f bone

D ensity (m ass)

S ize and geom etry

M icroarchitecture

Com position
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1 .6  A s s e s s m e n t  o f  b o n e  h e a l t h

1 .6 .1  F r a c tu r e  r a te

A n  im portant effect o f osteoporosis is fracture fo llo w in g  m in im al traum a. 

H ow ever, fracture is not alw ays c lin ica lly  apparent, even to the affected ind iv idual. 

The com monest fractures early after the menopause is o f the vertebrae, but a 

substantial proportion pass unrecognized and only obvious at a later date from  

radio logical exam ination or as a presum ed cause o f loss o f height. V ertebral 

fracture cannot therefore be used as a re liab le  outcom e m arker fo r bone health. The  

other com m on sites fo r fracture in  o lder people are the h ip  and the w ris t, w here few  

pass undiagnosed.

Recent tria ls  o f supplem entation w ith  calcium  and/or v itam in  D  confirm  

that hip fracture rate can be used as an outcom e (Chapuy et al., 1994; Daw son- 

Hughes et al., 1997). Studies that exam ine the effect o f in tervention have only been 

done in  groups o f e lderly  participants aged at least 75 years and over by w hich age 

hip  fracture incidence is h igh enough to m ake studies feasible. Th is  means that 

there are no data from  intervention tria ls  that use h ip  fracture as the outcom e m arker 

in  younger postmenopausal w om en. W orldw ide there w ere an estim ated 1.66  

m illio n  hip fractures in  1990 and it  is estim ated that th is w ill increase to  6 .26 m illio n  

by 2050  (C ooper et al., 1992).

1 .6 .2  B o n e  m in e r a l d e n s ity

Bone m ineral density, as m easured by D X A  and related techniques 

Represents the am ount o f m ineral w ith in  the bone envelope per un it area scanned 

(P rentice, 1995). S im ilarly , the measured o f bone m ineral content (B M C ) is the 

mass o f m ineral w ith in  the scanned bone envelope. As a consequence, both B M C
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and B M D  are influenced by the size, shape and orientation o f the bone, and can 

provide no inform ation about internal structure. M easurem ent o f bone m ineral 

density has become an essential elem ent in  the evaluation o f patients at risk fo r 

osteoporosis (K ains et al, 1997).

1 .6 .2 .1  D u a l x - r a y  a b s o r p t io m e tr y

O ver the past decade, dual x -ray  absorptiom etry (D X A ) has established 

its e lf as the m ost w id e ly  used m ethod o f m easuring B M D  because o f its advantages 

o f high precision, short scan tim es, lo w  radiation dose and stable calibration. D X A  

equipm ents allow s scanning o f the spine and hip usually regarded as the m ost 

im portant m easurement sites because they are frequent sites o f fractures that cause 

im pairm ent o f quality o f life , m orb id ity , and m ortality . A  m easurem ent o f h ip  B M D  

has been shown to be the m ost re liab le  w ay o f evaluating the risk  o f hip fracture 

(M arsh a ll et al, 1996; B lack et al, 2000 ).

The fundam ental p rincip le behind D X A  is the m easurem ent o f the 

transm ission through the body o f x-rays o f tw o d ifferent photon energies. Because 

o f the dependence o f the attenuation coeffic ien t on atom ic num ber and photon  

energy, measurem ent o f the transm ission factors at tw o energies enables the “areal” 

densities (i.e ., the mass per un it projected area) o f tw o d ifferent types o f tissue to the 

in ferred (B lake and Fogelm an, 1997b). In  D X A  scans these are taken to be bone 

m ineral (hydroxyapatite) and soft tissue, respectively. R adiation dose to the patient 

is very lo w  (1 to 10 pS v) (N je h  et al., 1999a) and is com parable to  the average daily  

dose from  natural background radiation o f 7 gSv. Three o f the methods currently in  

com m on uses are offered by H o lo g ic, Lunar and N orland . Lunar R adiation  

Corporation (L iv in g  stone, W est Loth ian) use a cerium -filtered  spectrum that
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contains tw o peaks at 50 and 70  k e V . H o log ic  Inc. (W altham , Massachusetts) 

produce the tw o energies by rap id ly  alternating source voltages and passing the 

beam  through a rotating calib ration  w heel. The beam  then passes through tw o filters  

to  provide the energies required. The N orland  (N orland M ed ica l Systems In c ., Fort 

A tkinson , W isconsin) system is based on sam arium  filte r. D X A  equipm ent is 

expensive and bu lky but technical developm ent o f the machines has m eant that 

standard scans o f the spine and hips can be com pleted faster and the latest fan beam  

machines can perform  a scan in  less than one m inute a llow ing greater throughput. 

Th is  has been m ade possible by substituting a  fan  beam  fo r the previous pencil 

beam , and by using a high-density array o f detectors instead o f  a single detector. 

The new  systems produce better quality  images.

Today, there is general agreem ent that B M D  measurements are the most 

effective w ay o f identifying  patients at risk  fo r osteoporosis (K ains et al., 1997). In  

particular, in  1994 a W H O  study group recom m ended a c lin ica l defin itio n  o f  

osteoporosis based on expressing B M D  measurements in  standard deviation (S D ) 

units called t- scores (W H O , 1994; K ains et al., 1994). Taking  the difference  

between a patient’s measured B M D  and the m ean B M D  o f healthy young adults 

matched fo r gender and ethnic group, and expressing the difference re lative  to the 

young adult population SD  calculate the t- score:

T - score =  measured B M D  —  young adult m ean B M D  

Young adult standard deviation

A  t- score result therefore indicates the difference between the patient’ s B M D  and

the ideal peak bone mass achieved by a young adult. According to W H O  a w om an

should be classified as having osteoporosis i f  she has a t-score < —  2 .5 . A n

interm ediate state o f lo w  bone mass (osteopenia) defined by a t-score between —

2.5 and —  1.0. A  t-score >  —  1 .0  was taken to be norm al. F in a lly , a fourth state,
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established osteoporosis, denoted osteoporosis as defined above, but in  the presence 

o f one or m ore fra g ility  fractures. A longside the t -  score, another useful w ay o f  

expressing B M D  measurements is in  z - score units (B lake and Fogelm an, 1997b). 

L ik e  the t-  score, the z - score is expressed in  units o f the population S D . B ut instead 

o f com paring the patient’s B M D  w ith  the young adult m ean, it  is com pared w ith  the 

m ean B M D  expected fo r a healthy norm al subject m atched fo r age, gender and 

ethnic origin:

Z - score =  measured B M D  —  age-m atched m ean B M D  

age-m atched standard deviation

A lthough it is not w id e ly  used as t-  scores, but rem ains a useful concept because it

expresses the patient’ s risk  o f sustaining an osteoporotic fracture re lative  to their

peers. T yp ica lly , every reduction o f 1 S D  in  B M D  equates to an approxim ately

tw o fo ld  increase in  the likelihoo d  o f fracture (M arshall et al, 1996). I t  fo llow s that

patients w ith  a z - score <  —  1.0 are at a significantly increased risk  o f fracture

compared w ith  individuals w ith  a norm al bone density fo r th eir age.

I
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Q uantitative ultrasonom etry (Q U S ) fo r m easuring the peripheral skeleton  

has raised considerable interest in  recent years (N jeh  et al., 1997,1999a). B U A  

measures the attenuation o f the signal as it  passes through the patient ’ s heel 

provid ing inform ation on the density and structure o f the bone. V O S  measures the 

velocity  o f sound w hen passing through bone, measured either in  transm ission  

(speed o f sound, SO S) or reflection  (G lu er et al, 1993).

There is a w ide variety o f equipm ent available, w ith  m ost devices using 

the heel as the m easurem ent site. The calcaneus is chosen because it  encompasses a 

large volum e o f trabecular bone betw een re lative ly  fla t faces and is read ily  

accessible fo r transm ission measurements. The physical principles o f Q U S  

measurements are outlined in  (F igure 1 .5). A n  ultrasound pulse passing through  

Calcaneus bone is strongly attenuated as the signal is scattered and absorbed by  

trabecular bone. The pow er spectrum o f the pulse transm itted through the patient’s 

heel is com pared to a reference trace measured through w ater a lone. The additional 

attenuation measured through the patient’s heel (measured in  decibels (d B ) increases 

lin early  w ith  frequency, and the slope o f the relationship is referred to as the 

broadband ultrasonic attenuation (B U A : units d B /M H z).

B U A  is reduced in  patients w ith  osteoporosis, because there are few er 

trabecular bones in  the calcaneus to attenuate the signal. As w e ll as B U A , m ost 

Q U S  systems also measure the speed o f sound (S O S ) in  the heel by d iv id ing  the 

distance between the ultrasound transducers by the propagation tim e (units: m /s). 

SOS values are reduced in  patients w ith  osteoporosis because, w ith  the loss o f  

m ineralized  bone, the elastic m odulus o f the bone is decreased. Some m anufactures 

com bine the B U A  and SOS values into a single param eter referred to as “stiffness”

1.6.2.2 Q u a n t i t a t i v e  U l t r a s o n o m e t r y
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or the “quantitative ultrasound index ” (Q U I). These com binations have no 

particu lar physical m eaning, but m ay im prove precision and discrim ination by 

averaging out errors such as those caused by tem perature variation  (N icholson and 

Bouxsein, 1999).

W ith  m ost early-generation Q U S  devices, the patient’s foot was placed in  

a w ater bath to couple the ultrasound signal to  the heel. H ow ever, later devices are 

dry contact systems in  w hich  rubber pads covered w ith  ultrasound gel are pressed 

against the patient’ s heel. A  m ajor attraction o f bone ultrasound devices is that they 

do not use ion izing  rad iation , is re la tive ly  inexpensive and portable.

Therefore ultrasound systems could be m ade m uch m ore w id ely  available than  

conventional D X A  scanners, w h ich  are largely restricted to hospitals. M oreover, 

recent evidence from  several studies confirm s that Q U S  measurements are 

predictive o f h ip  fracture risk  (H ans et al, 1996; Bauer et al, 1997; P lu ijm  et al,

1999).

I
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c

F r e q u e n c y  ( M H z )

F ig u re  1.5: The physical principles behind the measurement o f B U A  and SOS 

(From  Blake &  Fogelm an, 1997)

38



1 .7  N u t r i t i o n  a n d  b o n e  h e a l t h

S ufficien t nutrition  considered to influences a ll aspects o f bone health  

from  the developm ent o f peak bone mass in  childhood and adolescence through to  

the m aintenance o f bone mass in  adulthood and the bone loss and fracture in  the 

elderly . N u tritio n  is a m od ifiab le  pathogenic factor o f osteoporosis that p lay a  

significant role in  prevention, and treatm ent o f  osteoporosis (H eaney, 1996). The  

nutrients know n to be very im portant are calcium , v itam in  D , protein , and energy. 

Phosphorus, m agnesium , trace m inerals (manganese, copper, and z in c ), and vitam ins  

C  and K  are also considered to  be im portant to bone health.

1 .7 .1  D ie ta r y  c a lc iu m

The c h ie f sources o f calcium  in  the d iet are m ilk  and dairy products (e.g. 

cheese, yogurt and ice cream ). In  addition , cereals and cereal products m ay supply 

w ith  calcium , although this m ay be less w e ll absorbed from  w holegrain  cereals due 

to  the presence o f N S P  (non-starch polysaccharides) and phytate. G reen leafy  

vegetables such as spinach, broccoli and kale contain good am ount o f calcium , but 

its absorption m ay be inh ib ited  due to the presence o f oxalates.

O ther sources o f calcium  m ay include to fu  (soybean curd), oysters, sm all 

fish , (such as sardines and whose bones (w hen eaten) supply calcium ) dried figs, 

nuts (e.g . alm onds and b razil nuts), parsley, watercress, sweet potatoes, b lack treacle 

and some seeds (such as sesame seeds) (B arasi, 1997). H ard w ater (contains m any 

dissolved salts) can supply significant am ount o f calcium  (Lentner, 1981) (T ab le  

1.2).



T a b le  1 .2: Sources o f d ie ta ry  c a lc iu m , m g /1 0 0  g (F ro m  W o o lf and  D ix o n , 

1998)

C a
F ru it 7 - 2 0
Vegetables L e a f 5 0 - 1 5 0

R oot 2 5 - 5 0
N uts 5 0 - 2 0 0
Bread F o rtifie d  w h ite 84

U n fo rtifie d  w hite 43
W holem eal 84

M ilk W hole 133
D rie d  skim m ed 1300

Cheese Cheddar 750
Soya flo u r m edium  fa t 244
M eats and poultry 5 - 1 0
Fish 5 - 6 0

Absorption o f  calcium

C alcium  salts are not h igh ly  soluble, w hich makes th e ir absorption from  

the d iet a problem . M any factors can enhance or in h ib it calcium  absorption. The  

m ost im portant o f enhancing factors is v itam in  D , w hich helps to m ake the calcium - 

binding protein in  the intestinal cells that needed fo r absorption and transporting  

calcium  into the plasm a. The a b ility  to synthesize th is protein is regulated by 

hom eostatic mechanisms invo lv ing  parathyroid horm one and l,2 5 (O H )2D , in  

response to changes in  circu lating levels o f plasm a calcium . The calcium  in  m ilk  is 

better absorbed than that from  m ost other sources due to lactose (m ilk  sugar) that 

enhances calcium  absorption by keeping it  in  a soluble form . O ther sugars and 

protein also enhance calcium  absorption (W h itney et al., 2 0 0 2 ). G astric acid 

secretion o f the upper digestive tract facilitates the so lub ility  o f calcium . In  old  

people acid secretion Reduced, reduces the absorption o f calcium  (S m ith , 2000). 

W henever calcium  is needed, the body increases its production o f the calcium - 

binding protein to  im prove calcium  absorption. The result is obvious in  the case o f
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grow ing children that absorb up to 60  percent o f the calcium  they consume. Then, 

when bone grow th slows or stops, absorption fa lls  to the adult leve l o f about 30  

percent. In  addition, absorption becomes m ore sufficient during tim es o f inadequate 

intakes. M any o f the conditions that enhance calcium  absorption in h ib it its 

absorption w hen they are absent, su fficien t v itam in  D  supports absorption, w h ile  its  

deficiency im pairs absorption. C alcium  absorption is reduced by phytic acid due to  

the form ation o f insoluble calcium  phytate. O xalates m ay also in h ib it calcium  

absorption due to the insoluble nature o f the calcium  oxalate salt. N on-starch  

polysaccharides m ay trap some calcium  m aking it  unabsorbable in  the sm all 

intestine.

Excretion o f  calcium

C alcium  is lost from  the body v ia  the faeces and urine, w ith  very sm all

amounts lost in  sweat. Loss in  the faeces represents the calcium  unabsorbed from  the 

diet, together w ith  endogenous calcium  from  digestive secretions, especially b ile  and 

cells shed into the digestive tract, approxim ately 100 m g/day. U rin ary  calcium  

represents the fin a l adjustm ent o f plasm a calcium  levels, w ith  the m ajo rity  o f the 

calcium  filte red  being reabsorbed by the renal tubules up to 97 percent (B arasi, 

1997).

Calcium deficiency

C alcium  m ay be lacking in  the body i f  absorption is im paired. A  d iet low

in  available calcium  m ay also be a contributing factor. D efic iency o f calcium  in  the

body gives rise to  the developm ent o f rickets in  childhood, osteom alacia in  adult life

and osteoporosis in  the elderly  people (B arker, 2 002 ). The N atio n al Osteoporosis

Society recommends an increased calcium  intake fo r those at risk  o f osteoporosis
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(N O S  1999). T h e ir recom m endations are 1000 m g calcium  per day fo r w om en aged 

over 45 years, 1500 m g calcium  per day fo r w om en aged over 45 years and m en  

aged over 60 years. These figures are based on the N IH  Consensus Statem ent (N H I 

1994).

1 .7 .1 .1  R o le  o f  c a lc iu m  in  b o n e  d e v e lo p m e n t

There is considerable interest regarding the role that calcium  plays in  both  

peak bone mass attainm ent and postmenopausal bone loss (H eaney, 2000; Speaker,

2 0 00 ). D uring  adolescence bone grow th is considerable, and greater fo r boys. This  

requires a daily-absorbed am ount o f calcium  o f at least 250m g fo r girls and 300m g  

fo r boys, and it  can be higher. It  is agreed that it  is im portant to m eet these 

requirem ents in  orders to  achieve a peak bone mass w hich reflects the genetic 

potential o f  each ind iv idual (P rentice, 1995). Several recent supplem entation studies 

o f children and adolescents 7 -15  year, have observed increases in  B M C  and B M D  o f  

2 -  6 %  in  response to supplem entation w ith  calcium  salts (Johnston et al., 1992; 

L loyd , et al, 1993; A ndon, et al, 1994; Lee, et al, 1995; L loyd , et al, 1996; 

B onjour, et al, 1997; Stear, et al, 2000a,b ). In  general, this has not been associated 

w ith  alterations in  skeletal size although increases at the lum ber spine have been 

reported (Lee, et al, 1995; B onjour, et al, 1997). There is evidence that the increase 

in  bone m ineral appears early in  the supplem entation period w ith  little  additional 

effect thereafter (Johnston, et al, 1992; Now son, et al, 1997), that it  is associated 

w ith  a decrease in  bone form ation and that it  disappears on w ithdraw al o f the 

supplem em ent (S lem enda, et al, 1993; Lee, et al, 1994; Lee, et al, 1995). The  

long-term  benefit o f C a supplem entation on bone mass rem ains to be determ ined  

(G hatge, et al, 2 001 ).
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Recent evidence suggests that m ilk  m ay exert an anabolic effect on the 

grow ing skeleton that is d ifferen t from  that o f calcium  salts alone, possibly as a 

result o f  the associated increase in  protein  intake (Cadogan, et al., 1997). Increase 

in  bone m ineral has also been observed after supplem entation w ith  m ilk  and dairy  

products (Cadogan, et al., 1997; Chan, et al, 1991), some data suggest that m ilk  

basic protein (casein) is suppresses osteoclastic-m ediated bone resorption, w hich  

result in  the prevention o f bone loss in  the anim al m odel (Toba et al, 2 000 ).

1 .7 .1 .2  R o le  o f  c a lc iu m  in  p o s tm e n o p a u s a l b o n e  lo ss

The menopause is defined as the cessation o f menses, w hich m arks fa ilu re  

o f the ovarian function to secrete the sex horm ones, estrogen and progesterone. In  

the p eri- and early postm enopausal period there is sparse evidence to lin k  bone loss 

w ith  customary calcium  intake. In  studies that have included both early  

postmenopausal and older w om en, calcium  supplem entation appears to have had 

little  effect on B M D  in  w om en w ho are w ith in  the firs t fiv e  years after the 

menopause (D aw son-Hughes et al, 1990). H ow ever, in  general, w om en receiving  

calcium  supplements had B M D s  that w ere 1-3 per cent higher than those w ho did  

not receive supplements, particu larly  in  region o f the skeleton rich  in  cortical bone. 

Long-term  studies suggest that any effects o f calcium  supplem entation largely occur 

in  the firs t 1-2 years (E lders et al, 1994; R eid  et al, 1995) and that they are 

m ediated by a reduction in  bone turnover (R eid  et al, 1993; Prince et al., 1995). 

There is now  a general consensus o f  agreem ent that C a is effective in  reducing bone 

loss in  late post-m enopausal w om en particu larly  in  those w om en w ith  lo w  habitual 

C a intake (< 4 00 m g /d ).
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There are few  sources o f d ietary V ita m in  D  present. I t  found m ain ly  in  

foods o f anim al o rig in  in  w hich  it  has been already form ed; egg yo lk , butter and o ily  

fish  such as herrings, sardines, m ackerel and salm on. Cod and halibu t liv e r o ils are 

very rich  sources. M o st hom ogenized m ilk , and spreading fats (including  

m argarine, lo w - fa t spreads) are a rtific ia lly  fo rtifie d  w ith  synthetic v itam in  D . It  

m ight expect that m ilk  and cheese are good sources o f v itam in  D , but in  fact they 

contain only sm all am ount o f this v itam in  (T ab le  1 .3). V ita m in  D , either natural or 

added, is stable in  foods and storage; processing or cooking does not affect its  

activ ity  (Loveridge, 2 000 ).

V ita m in  D  activ ity  was expressed in  international units ( IU ) , but is now  

expressed in  m icrogram s: 1 IU =  0 .25  pg. In  the U K , the average d ietary intake o f  

vitam in  D  is 3 pg and the range is 0 .5 -8  pg /  day. W ith  the m ajor source o f v itam in  

D  being derived from  the skin, establishing any requirem ent is hard. There is no 

dietary reference value fo r adults liv in g  a norm al lifesty le  because they m anufacture 

an adequate supply from  the sun. For people who do not go out in  the sun particular 

old people, an intake o f 10 pg /  day has been set (D o H  1991a). A n  intake o f 10 pg /  

day is also recomm ended fo r pregnant and lactating wom en. The reference nutrient 

intake (R N I) fo r the housebound is 10 pg /  day (B arker, 2 002 ).

Absorption o f  vitamin D

This fat-soluble v itam in , w hen ingested, is absorbed through the intestinal 

w alls  w ith  other fats w ith  the aid  o f b ile . A bout 50 percent o f d ietary v itam in  D  is 

found in  the chylom icrons leaving the digestive tract in  the lym ph; m ost o f the 

v itam in  finds its w ay to the liv e r w ith  the rem nants o f the chylom icrons. V ita m in  D

1.7.2 D i e t a r y  v i t a m i n  D
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synthesized in  the skin diffuses into the blood, and then is picked up by a specific  

vitam in -D -b in d in g  protein (D B P ), w hich  transports it to the liv e r, some m ay rem ain  

free and deposited in  fa t and m uscle (B arasi, 1997).

Vitamin D  deficiency

In  v itam in  D  deficiency, production o f the protein that binds calcium  in  

the intestinal cells slows. So even w hen calcium  in  the d iet is adequate, it  passes 

through the gastrointestinal tract unabsorbed, leaving the bones unsupplied. Thus 

vitam in  D  deficiency results in  a poorly m ineralized skeleton, causing rickets in  

children and osteom alacia and osteoporosis in  the adults, w hich can cause fractures 

in  the elderly  (W h itney , 2002 ).

Vitamin D  toxicity

There are some to x ic ity  problem s related to hypervitam inosis D . These 

occur w ith  high doses o f m ore than 1 .000-1 .500  IU s  daily  fo r a m onth or longer in  

adults, m ore than 400 IU s  in  infants, or m ore than 600 IU s  d aily  in  children (Hass, 

1992)
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T a b le  1 .3: V ita m in  D  con ten t o f fo o d , ug/lO O g (F ro m  L o v e rid g e , 2000 )

Cereals
G ra in , flours, starches 0

M ilk  and m ilk  products

C ow  s m ilk 0.01 -  0.03

Hum an m ilk 0 .04

D ried  m ilk 0.21

Cream 0.1 -  0 .28

Cheese 0.03 -  0.05

Y oghurt Trace -  0 .04

Eggs

W hole 1.75

Y o lk 4 .94

Fats  and  oils

B utter 0 .76

Cod liv e r o il 210

M argarines and spreads* 5 .8  -  8.0

M e a t and m eat products

B eef, lam b, pork, veal Trace

P oultry, game Trace

L iv e r 0 . 2 - 1 . 1

F ish  and  fish  products

W h ite  fish Trace

Fatty fish Trace -  25

Crustacea and m ollusks Trace

V egetab les 0
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The effect o f  v itam in  D  and its m etabolites on bone is very com plex. It  is 

know n to stim ulate m atrix  form ation and bone m aturation, enhance osteoclastic 

activ ity  and m ay influence d ifferentiation  o f bone cell precursors (H enry and 

N orm an, 1984). Together w ith  P T H  and Ca, it  regulates C a and P m etabolism  and 

promotes C a absorption from  the gut and kidney tubules. A  deficiency o f v itam in  D  

has been shown to reduce Ca absorption, increase P T H  excretion thereby stim ulating  

osteoclastic activ ity  and thus increasing bone loss (P a rfitt et al., 1982). V ita m in  D  is 

v ita l fo r optim um  grow th and developm ent in  the younger population.

V ita m in  D  deficiency and insufficiency are im portant nu tritional factors 

that require careful study in  a ll population groups. Evidence is em erging that 

vitam in  D "insufficiency" is m ore prevalent in  children and adolescents than  

previously thought (E l-H a jj Fuleihan et al., 20 00 ). Furtherm ore, there is grow ing  

concern that atm ospheric po llu tion , particu larly  in  developing countries, m ay have 

im portant im plications fo r the v itam in  D  status o f population groups, both 2 5 -(O H ) 

D  and P T H  were significantly d ifferent in  children from  h igh -po llu tio n  areas 

compared w ith  those fr om  lo w -p o llu tio n  areas (P u lliye l et al., 2 0 0 0 ). In  m ore recent 

study, on young and o ld  m en w ho were on d a ily  oral supplem entation w ith  8 0 0 IU  o f  

cholecalciferol during eight weeks, both young and old had s im ilar increases in  

plasm a 2 5 (O H ) D  during this period (H arris  and Daw son-Hughes, 2 0 01 ).

O f considerable interest in  the area o f v itam in  D  research w ere the find ing  

o f a global study o f v itam in  D  status and parathyroid function in  postmenopausal 

w om en w ith  osteoporosis, bone m ineral density (B M D ) was found to  4%  low er in  

wom en w ith  serum 2 5 (O H ) D  below  25 nm ol /  1. The results also suggested that
t

wom en w ith  lo w  v itam in  D  levels (< 25  nm ol /1 )  had 30%  higher serum  P T H  values

1.7.2.1 R o l e  o f  v i t a m i n  D  i n  b o n e  h e a l t h
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and higher levels o f a lkaline phosphatase, a  m arker o f bone form ation (L ips et al, 

2000 ).

1 .7 .2 .2  R o le  o f  c a lc iu m  a n d  v ita m in  D  in  p r e v e n tin g  f r a c tu r e

Supplem entation tria ls  have shown that v itam in  D  im proves Ca  

absorption, low ers P T H  levels, and reduced bone loss in  postmenopausal w om en  

(N ew , 1999). V ita m in  D  and C a supplem entation have been shown to significantly  

reduce fracture rates in  both institu tionalized  (C hapuy et a l 1992) and free -liv in g  

elderly  populations (D aw son-Hughes et al., 1997). In  an interesting paper presented 

by (Grados et al., 2 0 0 0 ), supplem entation w ith  500 mg o f calcium  and 400 IU  o f 

vitam in  D 3 tw ice a day fo r 12 m onths in  a group o f elderly w om en w ith  v itam in  D  

insufficiency resulted in  significant increases in  B M D  at the fem oral neck, fem oral 

trochanter, and w hole body sites and significant alteration in  bone rem odeling. 

Recent study reported on the effect o f 800 IU  v itam in  D  together w ith  1200m g C a  

supplem entation on the risk  o f fa llin g  and on m uscle strength in  an elderly  

population, a 49%  reduction o f fa lls  was observed and o f interest, m arkers o f bone 

turnover w ere sign ificantly  reduced (B isch o ff et al., 2001).

1 .7 .3  D i e t a r y  p r o t e in

E arly  studies have shown that h igh d ietary protein intake is a pow erfu l 

determ inant o f urinary calcium  loss (M argen et al., 1974). Protein is m etabolized to 

organic acids and these m ay be buffered at the expense o f bone (Bushinsky, 1989). 

Tota l nu trition , and specifically  adequacy o f protein and energy intake, is im portant. 

First, m alnutrition  predisposes to fa lls . Second, soft tissue mass over bony 

prom inences (e .g ., lateral h ip ) distributes the energy sustained in  fa lls  and thereby
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reduces po in t loads on bone. F in a lly , adequacy o f protein intake is a m ajor factor in  

determ ining outcom e after h ip  fracture (D e lm i et al., 1990). A n  adequate am ount o f 

dietary protein is essential to m aintain  production o f hormones and grow th factors 

that m odulate bone synthesis (H eaney, 2 0 01 ). A t any age, the balance o f the total 

dietary acid and alkaline load is critica l to  the excretion o f calcium . This is achieved 

w ith  a d iet balanced in  protein  foods that generate acid and fru its and vegetable that 

provide the a lka li to  neutralized the acid (Tucker et al, 1999). The C om m ittee on 

M ed ica l Aspects o f Food P olicy (C O M A ) recom m ended average d aily  intakes o f  

protein fo r adults the R N I is 55.5 g /  day fo r m en and 45 g /  day fo r w om en (D O H  

1991).

1 .7 .4  D i e t a r y  p h o s p h o r u s

Phosphorus is often considered along w ith  calcium  m ajor m ineral 

constituent o f bone. I t  contributes 50%  o f the w eight o f bone m ineral. It  is w idely  

available in  both anim al and p lan t foods including m eat, poultry, fish , eggs and dairy  

products and in  cereals, nuts and legum es. S m all amounts occur in  coffee and tea. It  

is w id e ly  present as food additive in  processed meats, soft drinks and bakery goods. 

Total phosphorus is s im ilar in  anim al and p lant foods, typ ica lly  8 -20  m g per gram  o f  

protein. Phosphorus in  protein from  m eat, pou ltry and fish is found as phosphate 

bound to am ino acid side chain, w hich  is released during digestion. W h ile  

phosphorus in  p lant is found as phytate are digested poorly (M assey and w hiting , 

20 03 ). D ie tary  phosphorus deficiency is u n like ly  to occur in  population eating  

norm al diet. In  fact, there is a concern that eating m odem  d iet m ight result in  

excessive phosphate intake.
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Phosphorus leve l in  the body is regulated m ain ly  by renal excretion  

under the influence o f parathyroid horm one, w hich  causes increased urinary loss. 

This w ill a llo w  plasm a calcium  leve l to  rise (B arasi, 1997).

I

I
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1 .8  N u t r i t i o n a l  e p id e m io lo g y

N u tritio n a l E p idem iology objective is to provide the scientific evidence to  

support the understanding o f the ro le o f nutrition  in  the causes and preventing the 

illness. E pidem iology defined as having three aims: 1) to  describe the distribution  

and size o f disease, 2 ) to  elucidate the etio logy o f diseases, 3 ) to  provide the  

in form ation  necessary to  manage the prevention and control o f disease.

1 .8 .1  D ie t a r y  a s s e s s m e n t

The goal o f  assessing d iet in  population groups is to  enable estim ation o f  

food consum ption patterns, to determ ine nutrient intake and to explore the effects o f  

diet on health. There are tw o m ain  approaches to ind ividual dietary assessments, 

prospective and retrospective. Prospective methods involve recording current diet, 

w h ile  retrospective m ethods require recording either recent or past d iet. There are 

m any methods in  use fo r the m easurem ent o f diet in  cohort, cross-sectional and 

in tervention studies. These methods generally consist either o f the collection o f  

observations from  separate days investigation, as in  (records, checklists and 24-hour 

recalls) or attem pt to  obtain average intake by asking about the usual frequency o f  

food consum ption, as in  the (d ie t h istory and food frequency questionnaires F F Q ) 

(M argetts and N elson, 2 0 01 ).

1 .8 .1 .1  F o o d  fr e q u e n c y  q u e s tio n n a ire s

Food frequency questionnaires (F F Q ) are the m ost frequently used in  

cohort studies in  epidem iology. They provide a means o f studying intake  

retrospectively. They designed to assess usual eating habits, over recent months or 

years. To  assess the frequency o f food consum ption, accom panying the food lis t is a
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m ultip le  response grid  in  w hich subjects are asked to say how  often they usually  

consume an item  o f food or d rink  and how  m uch they usually have on the days they 

consume it. These questionnaires v a iy  from  very short w ith  only nine food item s to  

assess a single nutrient (calcium ) in  a study o f osteoporosis (N elson et al., 1988; 

Cooper et al., 1988) to  food lists num bering 190 item s or m ore fo r assign a w ide  

variety  o f nutrients.

1 .8 .1 .2  F o o d  d ia r ie s :

In  this technique the food eaten is sim ply recoded in  a notebook, w ithout 

being w eighed and the portion eaten is being quantified w ith  tables o f average 

portion sizes that based on measurements o f  typical portions (M A F F , 1993). This 

m ethod requires that the subject is literate  and physically able to w rite . The m ethod 

rem ains subject to  possible changes in  the diet by the respondent and fa ilu re  to  

record a ll food eaten. H ow ever, i f  subjects are adequately instructed, reasonably 

com prehensive records can be obtained. G enerally, wom en produce m ore reliab le  

records by this m ethod than m en (B arasi, 1997).

1 .8 .2  F o o d  g u id e s :

Food guides provide a fram ew ork to show how  food can be com bined 

together in  a days’ eating to provide an overall intake, w hich contain the appropriate 

range o f nutrients. They grouped together foods that provide s im ilar nutrients that 

could be interchangeable in  the d iet and m ade a num ber o f 'serving ' o f  foods from  

each group to be taken daily . Food guides w ere firs t appeared and used in  the U nited  

States in  1916. They consisted o f fiv e  food groups -  m ilk  and m eat, cereals, 

vegetables and fru its, fats and fa t foods, sugars and sugary foods. Further
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developm ents occurred between the 1940s and 1970s, to the num ber and 

components o f the groups used. These changes increased the understanding o f the 

ro le  o f d iet in  health and disease prevention, in  particu lar the consum ption o f fa t, 

sugar and alcohol.

The m ost recent version o f the U S A  Food G uide is a pyram id (F igure  

1.6). This indicates that the food in  the groups at the base o f the pyram id should be 

present in  the greatest amounts and 'support' the diet. U pper layers should be 

consumed in  sm aller amounts. Those at the top (fats, oils and sweets) should be used 

sparingly and are the least im portant components o f the diet. The guide indicates the 

numbers o f servings as a range; individuals w ith  low er nutritional needs (e.g. 

children) should take the low er num ber o f servings. The guide does not apply to  

in fan t feeding. A lso  the guide does not im p ly  that any single food is essential in  the 

diet; no food alone provides a ll the necessary nutrients. The im portant is to  include 

variety in  the d iet, so shortcom ing in  one food is lik e ly  to be compensated by an 

adequate intake in  another food (B arasi, 1997).
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F ig u re  1 .6: The U S A  Food G uide pyram id: a guide to d aily  food choices (fro m  U S  
Departm ent o f A gricu ltu re/U S  Departm ent o f H ealth  and H um an Services).
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In  the U K , a N ation al Food G uide was launched fo r the firs t tim e in  1994. The  

design is a tilted  plate incorporating fiv e  food groups in  the fo llo w in g  proportion:

Food group Segm ent size as %  o f 
W h o le  p la te

Bread, other cereals and potatoes 33
F ru it and vegetables 33
M eat, fish  and alternatives 12
M ilk  and dairy foods 15
Fatty and sugary foods 8

The emphasis in  the U K  G uide is on foods, rather than nutrients, and shows the 

im portance o f considering the diet as a w hole rather than concentrating on specific  

foods that m ay be 'good' o r ' bad '. The purpose o f th is guide is to provide a  

message o f balance and proportion o f the food group in  a practical w ay and to a llo w  

choices based on personal preferences and d ieta iy  habits and take into account 

availab ility , costs, cultural norms and ethnic diets. The best w ay to use the food  

guide is to calculate the proportion o f the to ta l d a ily  diet provided by foods from  the 

d ifferen t food groups in  term s o f num bers o f servings eaten during the day and the  

contribution o f each o f these servings to the w hole diet, w hich is im portant. A dding  

together the numbers o f servings gives the fo llo w in g  percentages o f the total:

Bread /  cereal group 6 servings =  28%

F ru it and vegetables 3 servings =  14%

M eat and alternatives 4  servings =  19%

D a iry  foods 4  servings =  19%

Fats and sugars 4  servings =  19%

In  this w ay it is possible to  focus on w hich parts o f the d iet need attention (B arasi, 

1997).
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1 .9  P h y s ic a l  a c t i v i t y

M o re  than one century ago, the Germ an scientist Julius W o o lf proposed 

the theory that is now  know n as ‘ W o o lf ’s Law ; i.e . ‘ bone accommodates the forces 

applied to it  by altering its am ount and distribution o f mass’ . M o re  recently, this  

concept has been refined to a  general theory o f  bone mass regulation, know n as the 

meehanostat m odel (Frost, 1987, 1992). There is long standing recognition that 

physical activ ity  protects against risk  o f  fracture in  postm enopausal w om en (C ooper 

et al, 1990; Jaglal et al, 1993). S ince physical activ ity  is a  lifes ty le  factor, w hich  

can be m od ified , it  is im portant to  id en tify  the nature and leve l o f  those activities. 

The loading on the bone either from  gravitational force, o r from  m uscular tension  

influences its functional strength (F rost, 1993). B oth arise through w eight-train ing  

(liftin g  w eights) involves m uscular tension alone. M ost activ ities have both w eight 

bearing and non-w eight bearing components.

In  general, w eight-bearing activ ities have a positive effect in  increasing 

B M D  in  young w om en (T aa ffe  et al., 1997) and prem enopausal w om en (Bassy and 

Ram sdale, 1994) and in  helping to  m aintain  B M D  after the menopause (C how  et al., 

1987). D ynam ic exercises, w hich increase the loading on the w eight-bearing  

skeleton, show a m axim um  effect from  high im pact activities such as jogg ing and 

jum ping  (A yalon  et al., 1987; D alsky , 1988; K ohrt 1995). W alk in g , since it  is a 

w eight-bearing activ ity  needs to be brisk to have an effect on B M D  (K ra ll and 

Daw son-Hughes, 1994). M uscular activ ities w ithout w eight bearing or im pact, such 

as sw im m ing (G rim ston et al., 1993) and cycling (R ico  et al, 1993) do not influence  

B M D .

A n  active lifesty le  at a ll ages prom otes good general health, and diverse 

physical activities bring benefit to  the health not only o f bones, but also o f other
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body systems. A ll physical ac tiv ity  contributes to energy expenditure (w h ich  is 

desirable). Physical activ ity  such as w a lk in g  m ay stim ulate appetite. This w ould  be 

valuable fo r those e lderly  people whose lo w  food intake m akes nutrient inadequacies 

m ore lik e ly . W alk in g  at a norm al pace appeals not to confer benefit fo r B M D  except 

perhaps in  those w ho are extrem ely sedentary (i.e . w alking  less than 10 m inutes per 

day in  to ta l), but it  does contribute to  im proved balance and m uscle coordination, 

w hich in  turn  m ight help to prevent the fa lls  w hich precipitate fractures. 

P articipation fo r about 30 m inutes in  varied physical activities w ith  a w eight-bearing  

com ponent on five  days a w eek w ould  be expected to  prom ote stronger bones. 

Exam ples include:

•  For children and young adults: h igh im pact activ ities such as jogg ing, 

jum ping , or skipping and games w hich  require these such as basketball, also 

energetic dancing;

•  For m iddle-aged people: stair c lim bing, jogging, or w alk in g  b riskly  (apace o f  

at least four m iles per horn*, id ea lly  on a gradient, step exercises, racket 

sports and h ill w alking;

•  For older people: stair clim bing and w alkin g  as b risk ly  as realistic  and safe, 

also dancing.
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1 .9 .1  R o le  o f  p h y s ic a l a c t iv it y  o n  d e v e lo p m e n t a n d  

m a in te n a n c e  o f  th e  s k e le to n

It  is w e ll know n that in  the absence o f w eight-bearing exercise bone loss 

w ill occur at both ax ia l and appendicular skeletal sites (N ew , 2 0 0 1 ). Num erous 

studies in  athletes show positive effects o f tra in ing  on d ifferent bone sites. S im ilar 

findings resulted from  studies invo lv ing  the effect o f m oderate and everyday 

exercise on bones o f ordinary people and even children. In  a study on m onozygotic 

tw in  pairs aged 5 to  14 years suggest that d ifferent w eight-bearing activ ities are 

positively associated w ith  the developm ent o f bone mass in  several skeletal regions 

including the h ip  (Slem enda et al., 1991). In  another study on a population o f  

fem ales and m ales from  13 to  28 years o f age, only w eight-bearing activ ity  and 

w eight contributed to the lum ber spine bone m ineral density during puberty and 

young adulthood (W elten  et al, 1994). The optim al type and duration o f w eight

bearing exercise, how ever, rem ain  to be determ ined (B u e ll et al, 1999). Evidence  

suggests that the effect o f exercise on bone mass is p rim arily  due to  its influence on 

bone volum e rather than to the d istribution o f bone tissue w ith  in  the bone as an 

organ (Haapasalo et al, 2 0 00 ) There is a positive effect o f h igh intensity sport on 

bone mass in  boys aged 10-16 years (A fghan i et al, 2001).

Recent studies showed the positive effects o f h igh-im pact exercise on 

bone health o f  early postm enopausal w om en (Engelke et al, 2002; M o logh ianu  et 

al, 2002; Brankovic and P ilip o v ic , 2 0 02 ). A  recent study indicated an im provem ent 

in  both bone mass and quality  o f life  in  postm enopausal w om en w ho participated in  

a num ber o f daily  exercise routines (Eslciyurt et al., 2 0 02 ). These data were  

confirm ed by a prospective study exam ining the relationship betw een d a ily  physical 

activ ity  (including w alkin g , cycling, household activities, and sport) and risk  o f
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fa llin g  in  elderly m en and w om en aged 6 5 -88  years. A  high leve l o f  to ta l physical 

activ ity  and w alking  was found to protect against fa lls  (P lu ijm  et al., 20 02 ).

Furtherm ore, exercise m ay be o f benefit in  the prevention o f  osteoporosis, 

not necessarily v ia  the m echanism  o f increasing bone mass but instead by increasing  

m uscle strength, coordination, fle x ib ility  and balance, and thus reducing the 

tendency to fa ll (E aste ll, 1999).
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1 .1 0  B o n e  h e a l t h  i n  S a u d i  A r a b i a n  w o m e n

Saudi A rab ia  is located in  the A rab ian  Peninsula south w est o f Asia. The  

population is estim ated to be approxim ately 14.87 m illio n , w ith  38%  o f population  

above the age o f 40  years. I t  is a sunny country w ith  abundant sunlight a ll year 

round. There was not been m uch attention given to on bone health in  Saudi A rab ia  

B u t due to significant socioeconom ic progress and w ith  the im provem ent o f liv in g  

condition and health care system, there is expectancy to prolong life  leading to an  

increase in  the num ber o f e lderly  in  the population.

V e ry  fe w  studies have been published exam ining B M D  in  healthy Saudi 

fem ales (Ghannam  et al., 1999; D esouki, 2 0 0 3 ). The study published by Ghannam  

et a l measured the bone m ineral density (B M D ) at the lum bar spine and the proxim al 

fem ur in  321 Saudi fem ales aged 10-50 years to  establish norm ative data in  Saudi 

fem ales and to com pare these data w ith  th e ir U S A  counterparts. This study 

concludes that B M D  in  healthy Saudi fem ales was sign ificantly  low er than those 

U S A  fem ales. The authors attributed this find ing  to increased num ber o f pregnancies 

and longer duration o f lactation together w ith  prevalent v itam in  D  deficiency. The  

other p ilo t study presented by E l-D eso u k i was to estim ate the prevalence o f  

osteopenia and osteoporosis in  postm enopausal Saudi w om en aged 50 -80  years. The  

results showed only (2 9 % ) o f subjects (8 0 2  postm enopausal) are norm al, whereas 

(3 1 % ) are osteopenic and (4 0 % ) w ere osteoporotic at the lum ber spine. The  

conclusion o f both studies indicated that the osteopenia and osteoporosis are 

com m on among postm enopausal Saudi w om en in  the capitals R iyadh and th eir 

B M D  are low er than that in  th e ir U S A  counterparts (Tab le  1 .4). Ghannam  et al 

have studied the correlation betw een v itam in  D  and bone health.
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There is data to suggest that v itam in  D  deficiency is com mon in  Saudi 

A rab ia , although it  rem ains iden tified  in  d ifferent age groups (Sedrani et al., 1983; 

A l A rab i et al, 1984; Fonseca et al, 1984). The im plications o f this on indices o f  

bone health rem ain undefined. H ow ever, there is evidence o f a high level o f fracture 

in  urbanized com m unities (A l N u a im  et al, 1995). A l-N u a im  et al review ed case 

records o f Saudi residents o f  R iyadh c ity  w ho w ere 40  years or older and w ho were 

adm itted to local hospitals over a period o f 12 months (July 1990-1991) w ith  

diagnosed w ith  proxim al fem ur fracture (P F F ). The incidence o f PFF fo r m ale and 

fem ale patients over the age o f 50 years was 71 and 100 respectively w ith  a fem ale: 

m ale ratio  1 :4 .

R ecently, A rd aw i et al (2 0 0 4 ) determ ined the reference values o f bone 

m ineral density in  healthy Saudis o f both sexes in  Jeddah area (W estern region) and 

com pared w ith  U S  /  N orthern  European /  Lebanese reference data. They found that 

the prevalence o f osteoporosis in  the Saudi population (5 0 -7 9  years) at the lum bar 

spine and to tal fem ur using the m anufacturers vs. Saudi reference data was 38.3 Vo- 

41.1 % vs. 30.5 % - 49.6 %  and 6.3 -7 .8  % vs. 1.2 - 4 .7  %  respectively.

In  sum m ary, further research into the extent o f vitam in  D  deficiency and 

prefelence o f poor bone health is urgently required in  Saudi postmenopausal and pre 

menopausal w om en. N o  data exist on the effects o f dietary intakes and lifesty le  

factors on bone mass and bone m etabolism  in  M id d le  Eastern w om en. G iven the 

public health im plications o f osteoporosis, further w ork is urgently required.
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1 .1 1  A im s  o f  t h e  s t u d y

1. To determ ine indices o f bone health (nam ely lum bar spine and fem oral neck bone 

m ineral density as m easured by D X A  and calcaneal bone mass as m easured by 

(B U A ) in  Saudi A rab ian  w om en

1.1 . To  exam ine the extent o f osteopenia and osteoporosis in  young and o ld  age 

groups

2 . T o  assess the im pact o f non-dietary life  style risk factors on indices o f bone health  

including physical ac tiv ity  levels, sun-exposure tim e and anthropom etric 

measurements

3 . To  assess dietary intake in  term s o f both “ quality  ” and “ quantity” in  Saudi 

A r abian w om en

3 .1 . T o  exam ine w hether the com position o f the Saudi A r abian d ie t fo llow s the 

food Pyram id /  p late m odel guideline

3 .2 . To  determ ine the extent o f nutrient insufficiency/deficiency o f key bone 

health nutrients including calcium , v itam in  D , protein, phosphorus, 

potassium , v itam in  D  and fib re  as w e ll as iron intake and estim ates o f  

dietary acid ity  in  younger and older groups

4. To  exam ine the effect o f dietary intake on indices o f bone health

4 .1 . Specially to determ ine w hether lo w  consum ption o f m ilk , dairy products, 

vegetables, fru its, fish  and m eat has any effect on bone indices

4 .2 . To  establish w hether lo w  dietary intakes o f Ca, v itam in  D , proteins and

m inerals have an effect on these indices

5. To  determ ine the status o f v itam in  D  and its m etabolites

5 .1 . To specifically exam ine the extent o f v itam in  D  deficiency /  insufficiency in

The principal objectives o f the study were as follows:
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Saudi young and old w om en

6 . To  assess the effect o f v itam in  D  status on indices o f bone health, nam ely bone 

mass and bone m etabolism  in  both populations group
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C h a p t e r  2

M a t e r ia l s  a n d  M e t h o d s

»
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2 .1  In t r o d u c t i o n

The study protocol was approved by K in g  A bdul A z iz  U n iversity  

H ospital in  Jeddah, Saudi A rab ia . The recom m endations in  the declaration o f  

H els in k i w ere fo llow ed  strictly  in  conducting the study. In form ed consent was 

obtained fo r a ll the w om en.

2 .1 .1  S u b je c t s e le c tio n

A  to ta l o f 100 prem enopausal w om en aged 2 0 -3 0  years and 112 

postmenopausal w om en aged 4 5 -6 0  years w ere fo llow ed. A ll volunteers were  

recruited from  the c ity  o f Jeddah by local advertisem ents concerning the study and 

by distributing form s after lecturing about the aim  o f this search, w hich benefits 

w om en in  the com m unity a ll over the city . In form ed consent was obtained from  a ll 

subjects (A ppendix I) . A n  appointm ent le tter was sent to a ll subjects. The exclusion  

criteria  used fo r the study are shown in  Table 2.1 below . I t  was m ad sure that no 

w om en selected suffered from  any condition that w ould  interfere w ith  th e ir bone 

m etabolism .

2 .1 .2  C o lle c tio n  o f  a n th r o p o m e tr ic  d a ta

Subjects w ere w eighed (w h ile  w earing m in im al clothing) on an electric  

scale (H ea lth  O  m eter, B ridgeview , Illin o is , U S A ) calibrated to 0 .05  kg. H eight 

(w ithout shoe) was m easured to the nearest 0 .10  centim eter using a stadiom eter 

(H ea lth  O  m eter, B ridgeview , Illin o is , U S A ). Body Mass Index (B M I) was 

calculated using w eight in  kilogram s divided by height in  meters squared.
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Table 2.1: Exclusion criteria

❖  I f  the subjects suffer from  the fo llo w in g  diseases they should be 

excluded

•  In flam m atory bow el disease

•  Insuffic iency o f the exocrine pancreas

•  B ilia ry  cirrhosis, liv e r dysfunction

•  D iabetes

•  R enal osteodystrophy

•  N ep h ritic  syndrome

•  C eliac  disease

•  R heum atoid arthritis, osteoarthritis, bursitis.

❖  I f  the subjects have the fo llo w in g , they should be excluded

•  Pregnancy 

® Lactating

•  Irregu lar m enstrual cycle (am enorrhea)

•  Hysterectom y

•  Oophorectom y

*** I f  the subjects are taking  the fo llo w in g  m edications, they should be 

excluded

•  Steroids

•  H R T

•  D iuretics

•  A nticonvulsant drugs

•  V ita m in  D  supplem ent 

« G lucocorticoids drugs
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Table2.2: Levels of living and education of volunteer women

L e v e l o f liv in g L e v e l o f education

no High Middle Low None Primary Middle University Higher

Post 112 55
61%

54
60%

3
3 .36 %

11
12.3%

33
36.9%

16
17.9%

31
34.7%

21
2 3 .5 %

P re 100 58
59 .7%

4 2
43 .2%

1
1.03% N il 2

2 .06%
64

65 .9%
35

36.05% N il

2 . 2  D e t e r m i n a t i o n  o f  b o n e  h e a l t h  in d ic e s

2 .2 .1  B o n e  m in e r a l d e n s ity  m e a s u re m e n ts

B M D  measurements w ere determ ined at the lum bar spine (L 2 -L 4 ) and at 

the le ft and righ t to tal hip (fem oral neck, w ard ’s triangle, and trochanter) using dual 

X -ra y  absorptiom etry (D X A ) w ith  a Lunar D P X -IQ  V ersion  4 .7  scanner (Lunar 

C orp., M adison, W I, U S A ), according to  the m anufacturer ’s operator m anual. 

Q uality  control procedures w ere carried, out in  accordance w ith  the m anufacture 

recom m endations. Instrum ent variation  was determ ined regularly  by a daily  

calibration procedure using a phantom  supplied by the m anufacturer. Precision error 

o f the phantom  was 0 .3%  and fo r in  v ivo  measurements was less than 1.2%  fo r the 

spine and less than 2%  fo r fem oral regions. The calibration o f the absorptiom etry 

was checked daily . In  addition, there was no significant d rift over the period o f the 

study using the D X A  system.
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A ll m easurements w ere perform ed at the R adiology Departm ent, K in g  

A bdul A z iz  U n ivers ity  H ospital by experienced technologists and review ed by the 

Consultant R adio log ist (D r A b d u l-R ao u f A . M aim an i, H ead o f the Radiology  

D epartm ent). The results o f the m easurem ents w ere expressed in  g /  cm2. Lunar 

U S A  norm al database supplied by the m anufacturer was used to derive Z  scores 

(m atched fo r age and w eigh t) and t-scores (reference age 20 -45  years). Since at the 

start o f this study, no Saudi A rab ian  reference range existed. Subjects w ith  

osteopenia w ere defined by a t-score betw een -1 .0  and -2 .5  S D  at a given skeletal 

site, and those w ith  osteoporosis w ere defined by a t-score less than -2 .5  S D , as 

recom m ended by the W H O  report (W H O  1994). The precision o f D X A  m achine in  

the K in g  A bdul A z iz  U n ivers ity  H ospital was 1% .

2 .2 .1 .1  P ro c e d u re s  o f  m e a s u re m e n ts  

S pine A cq u is itio n

The system perform s an anterioposterior (A P ) spine scan o f the lum ber 

region. A  scan begins in  the low er vertebrae, adjacent to the pelv is, and m oves 

upw ard tow ard L l .

P a tie n t P osition ing

The patient has to rem ove a ll attenuating m aterials from  the scan region  

before a scan acquisition. Patient is positioned in  the m iddle o f the scan table: the 

centerline on the table pad run lengthw ise dow n the center o f the patien t’ s body. The  

spine is centered and straight, both ilia c  crests are visib le , and the scan starts in  the 

m iddle o f  L5 and ends in  the m iddle o f T 1 2  (F ig .2 .1 ). The patien t’ s head is d irectly  

below  the horizontal lin e  at the top o f the table pad. The patient’s arms are against
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th e ir sides w ith  palm s fla t against the table pad. The patient’s legs are position on 

the support b lock, such that the patien t’s thighs are at a  60°- 90° angles. The support 

block helps separate vertebrae and straightens the low er back. The laser lig h t should 

be 2 inches below  the patient’ s navel.

V e rte b ra l L ab els

The system can label a ll fiv e  lum ber vertebrae, as w e ll as T l  1, T 1 2 , and 

the pelvis. U p  to  fo ur labels can appear on the screen at one tim e. The program  only  

calculates results fo r vertebrae labeled L I ,  L 2 , L 3 , or L 4 . Results are not calculated  

fo r vertebrae labeled T 12  because the ribs interfere w ith  the baseline calculations. 

Results are not calculated fo r vertebrae labeled L5 because the ilia c  crests interfere  

w ith  the baseline calculations.

F e m u r A cq u is itio n

A  rig h t or le ft fem ur scan begins in  the soft tissue surrounding the 

fem oral shaft and m oves upw ard tow ard the fem oral neck and greater trochanter. 

The scan provides B M D  values fo r the fem oral neck, w ard ’s triangle, greater 

trochanter, shaft, and to tal fem ur regions.

P a tie n t P osition ing

The patient has to rem ove a ll attenuating m aterials from  the scan region  

before a scan acquisition. Patient is positioned in  the m iddle o f the scan table: the  

centerline on the table pad run lengthw ise dow n the center o f the patient’s body. The  

patien t’s head is d irectly  below  the horizontal line  at the top o f the table pad. The  

patient’ s arms are against their sides w ith  palm s fla t against the table pad. N ear the 

ankle o f the leg that intends to scan, grasp and gently rotate the leg inw ard and
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outw ard. W h ile  rotating the leg, press firm ly  on the outside o f the patient’s upper 

th ig h  to fee l the greater trochanter ro ll under your fingers. The laser lig h t should be 

3 inches below  the greater trochanter. Fasten the foot o f the leg to  be scanned to  the 

angled side o f the brace. Rotate the entire leg to  the angle o f the brace. Fasten the 

other foot to  the straight vertica l side o f the brace. Ensure the patient toes point 

upw ard and the feet are perpendicular to  the tabletop. L ift the fo o t brace and m ove it  

3 -4  inches in  the d irection o f the le ft to  be scanned: the fem oral shaft m ust be 

para lle l to the center long itudinal line  on the scan table pad. A lig n  the laser lig h t 

w ith  the longitudinal center o f the th igh.

2 .2 .1 .2  In t e r p r e t in g  D X A  s c a n s

D u al energy x -ray  absorptiom etry (D X A ) enables quantitative assessment 

o f bone m ineral in  specific regions o f the body. The scanner continuously samples 

the bone m ineral content (B M C ) as it  moves in  a rectilinear pattern over the lum bar 

spine or other areas o f interest. The quantities estim ated by D X A  are:
r\

•  A rea, expressed in  cm  , w hich  is the tw o-dim ensional pro jection o f the bone;

•  Bone M in era l Content (B M C ) is the am ount o f bone at the site that is being 

m easured), expressed in  grams;

•  Bone M in era l D ensity (B M D ) is the bone m ineral content d iv ided  by the 

area that is being scanned. It  is an areal density, not a true density, expressed 

in  grams per centim eter squared (g  /  cm2).

(A P ) spine

In  the lum bar spine region, the B M D  is usually calculated from  L2  

through L 4 . Results calculated from  other than L 2  through L 4  are useful in
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situations w here L 2 , L 3 , o r L 4  cannot be analyzed due to artifacts or fractures in  

those vertebral regions.

F e m u r

In  the proxim al fem ur, the region o f interest is usually the area 1.5 cm  

w ide across the to tal fem oral neck. Regions are defined by the softw are in  the low er 

density W ard ’s triangle region, the neck, the greater trochanter, the shaft, and to tal 

fem ur regions. Bone loss in  the p roxim al fem ur begins in  the W ard ’ s triangle region  

and proceeds outw ard from  them . Th is makes the region an early indicator o f bone 

loss, but the higher variance in  m easuring it, com pared w ith  the neck region, makes 

the la tter zone a better discrim inator.

The num eric data from  the D X A  printout should be review ed. In  the 

spine, bone m ineral density values fo r each vertebra should be noted. M o vin g  from  

L I to L 3 , the bone m ineral density should increase. W hereas from  L3 to L 4 , it  

should be constant or should decrease slightly. The m ost com m on reasons fo r 

discrepant bone m ineral density values am ong vertebrae are fractures and 

degenerative disease. In  the h ip , bone m ineral density values o f each region o f  

interest should be noted, because fractures can occur at any position in  the proxim al 

fem ur (subcapital, cervical, B asicervical, intertrochanteric, subtrochanteric).

To  compare ind ividuals, results are corrected fo r body w eight and height 

and expressed as (T ) or (Z ) score (K an is et al, 1996) (F igure 2 .1 -2 .2 ). The T  score 

compares the findings w ith  a young adult reference range and the Z  score w ith  an 

age-m atched reference range. F o r older subjects, the T  score w ill fa ll w ith  age as 

bone loss is universal w ith  ageing and it  w ill be less than the Z  score. The T  score is 

used in  the W H O  d efin itio n  o f osteoporosis and osteopenia, i f  the subject has a T
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s co re  in e x ce ss  o f  2 .5  standard d ev ia tion s  B e lo w  the m ean  are regarded  as 

o s te o p o ro s is , w h ile  va lu es be tw een  1 and 2 .5  standard d ev ia tion s  b e lo w  the m ean 

are regarded  as o steop en ia  o r  ‘ lo w  b o n e  m a ss ’ . S o , o s te o p o ro s is  is b e in g  d e fin ed  as 

an abso lu te  red u ction  in b o n e  m ass w h eth er related to  age o r  not. O s te o p o ro s is  is a 

system ic  d isease , it d o e s  n ot h ave  the sam e e ffe c t  on  the entire sk eleton , and T - 

s co res  at d ifferen t skeletal sites are c o m m o n ly  quite d ifferen t (A b ra h a m sen  et al., 

1997 ). T h e  principal uses o f  b o n e  den sitom etry  are to d ia g n ose  o s te o p o ro s is  o r  

assess risk  o f  future fracture, and in these cases  the results are b e in g  com p a red  

against a norm al database.

BMD Young-Adult Age-Matched 
R egion  g/cm1 % T -S c o re  % Z -S c o re
L 2 -L 4  0.939 78 -2 .2  83 -1.6

inxp not tor diagnosis 
0.7Gma:Hi-ReS HeUlura DPXIO 0.6x1.I'm 1.68m 

706398 -103691 277 36:206.96.14/.90 
= 14 3(1 3631

F ig u re  2 .1 : A  dual en ergy  x -ray  a b sorp tiom etry  m easurem ent o f  b o n e  density  at the 
sp ine
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score in excess o f 2.5 standard deviations B elow  the mean are regarded as 

osteoporosis, w h ile  values between 1 and 2.5 standard deviations below  the mean 

are regarded as osteopenia or ‘ low  bone mass’ . So, osteoporosis is being defined as 

an absolute reduction in bone mass w hether related to age or not. Osteoporosis is a 

systemic disease, it does not have the same effect on the entire skeleton, and T - 

scores at d ifferent skeletal sites are com m only quite d ifferent (Abraham sen et al 

1997). The principal uses o f bone densitom etry are to diagnose osteoporosis or 

assess risk o f future fracture, and in these cases the results are being compared 

against a norm al database.

BMD Young-Adult Age-Matched 
R egion  g/cm1 \  T -S c o re  % 2 -S c o re
L 2 -L 4  0.939 78 -2 .2  83 -1.6

Image not for diagnosis 
0.7Enu:Hfj-Res HeOium LPXIQ 0.6x1 1.68m

706398 -103691 277 36:206.96.14/.go 
tFat = 14 3(1 363)

F ig u re  2 .1 : A  dual energy x-ray absorptiom etry measurement o f bone density at the 
spine
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A fte r each sam pling, the am p lifie r setting and the num ber o f counts 

detected in  the 3 8 -k e V  and 7 0 -k e V  channels (L o w  ke V  and H ig h  k e V ) appeal- on the 

screen. A fte r 11 samples, the com puter plots the results on a graph. The 70 -k eV  

peak should appear as a slope m oving upw ard from  le ft to  right. The 3 8 -k eV  peak 

should slope dow nw ard from  le ft to right. The detector peak test then determ ines the 

optim al voltage setting fo r the P M T  am p lifie r based on these curves.

Passing V a lu e

To  receive a passing value at the end o f the detector peak test:

•  The new  peak value m ust be w ith in  50 units o f the previous 

Q A  peak setting. The actual peak setting is taking  from  the 

70keV  curve and not the 38 -k eV  slope.

•  The peak setting m ust be m ore than 250 units but less than 

750 units.

F u n c tio n a l M easurem ents T est

The functional measurements tests begin after the detector peak test 

finishes. The system checks the in ternal m echanics and electronics o f the scan table, 

and displays the fin a l test values w ith  a pass/fail evaluation.

S ta n d a rd  V a lu es  T est

A fte r fin ish ing  the functional measurements test, the program  advances to  

the standard values test. Standard values are used to convert uncalibrated scan data 

(in  arbitrary com puter units) to calibrated results (in  grams o f bone m ineral). The 

Lunar system autom atically prints results as part o f the quality assurance tests.

Result Graph
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Check the Q A  results printout to  m ake sure that each test received a 

passing evaluation:

•  The detector peak m ust be w ith in  50 units o f the previous peak setting, and 

the 7 0 -k eV  and 3 8 -k e V  peaks m ust be w ith in  50 units o f each other.

•  Each functional m easurem ent m ust receive a passing evaluation.

•  The standard value m ust have % C V  values o f 2 .00 or less. M ean  values m ust 

not deviate from  the expected value by m ore than 5 .0% .

2 .2 .2  Q u a n t it a t iv e  u ltr a s o u n d  m e a s u re m e n ts

Q uantitative ultrasound Q U S  measurements w ere obtained using a  

C U B A  ultrasound densitom eter (M e  Cue U ltrasonic, W inchester, U K ). P articipation  

occurred fo r three days at the m anufacturers site (Parsonage B am , Com pton  

W inchester, Ham pshire S 0 21  2A S  England) in  order fo r m e to trained to be able to  

operate the instrum ent.

The ultrasound system consists o f tw o transducers (em itting  and 

receiving) faced w ith  silicone m bber coupling pads. These are placed in  direct 

contact on either side o f the heel using a coupled gel. Broadband ultrasound  

attenuation B U A  (decibels/fnegahertz) and velocity  o f sound V O S  (m eters /seco n d ) 

w ere measured in  the le ft calcaneus (heel bone) in  a ll subjects. M ean  B U A  and V O S  

w ere calculated from  four measurements. W e used the scanning protocol produced 

by the m anufacturer. The precision o f th is instrum ent was 2 .4%  and 1%  fo r B U A  

and V O S  respectively.

Passing Evaluations Summary
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The softw are defaults to  m easuring the le ft foot, w hich  is generally the  

non-dom inant foot. (T h e norm ative data was collected on le ft fee t). Patient contact 

surfaces (foo t w e ll, c a lf support, ultrasonic transducers and fo ot inserts) disinfected  

before each patient. Patient shoes and fo ot clothing rem oved in  order to take a  

m easurement. A lcoho l im pregnated w ipes are used to clean the patient skin around 

the heel p rio r to  the m easurem ent. Locating the correct site on the calcaneus is 

im portant fo r accurate measurements, anatom ical foot inserts is used according to  

fo o t length. Foot length being the distance from  the back o f the heel to  the tip  o f the 

big  toe. The foot is placed into the fo ot w e ll, to identify  w here the big toe fa lls , to  

read the insert size needed. Insert A  used on foot size below  230  m m  in  length, 

insert B fo r foot size from  230m m  to 250m m  in  length and fo r feet over 250m m  no 

insert is required.

To ensure that an unambiguous contact is made to each side o f the heel, a 

coating o f ultrasound gel applied to the face o f each transducer pad and the skin on 

either side o f the heel. The foot and especially the heel should be central w ith  in  the 

fo o tw ell o f the C U B A C lin ic a l. The heel is pushed frilly  back into the fo o tw e ll- this  

is especially im portant fo r accurate measurements. F it the patient’s c a lf in  the c a lf 

support. The patient’s c a lf should be positioned fu lly  back in  the support and secure 

th is position w ith  the straps. Then close the transducers to start the measurement. 

The system w ill take the m easurem ent. A fte r m easurement, the result w ill displayed  

both in  table form at and graphically on the m ain  screen.

2.2.2.1 P r o c e d u r e s  o f  m e a s u r e m e n t s
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The C U B A C lin ic a l measures B U A  (Broadband U ltrasound A ttenuation). 

The m ore com plex the structure o f the bone, the m ore the sound w ave w ill be 

blocked. Therefore norm al bone has a higher attenuation (B U A ) than osteoporotic 

bone (F ig .2 .3 ). L ikew ise the greater the connectivity o f tissue, the faster the sound 

w ave w ill pass through it. A s bone becomes osteoporotic the architecture dim inishes 

and the speed o f the sound w ave slows down (F ig .2 .4 ).

N o rm a tiv e  d ata

The norm ative data was collected from  a Caucasian population (n  =  ~  

3000). The le ft calcaneus was measured in  accordance w ith  the docum ented 

C U B A C lin ic a l measured protocol. Regression analysis o f the results established the 

“ young norm al ” (age 2 0 ) reference value fo r B U A . The m ean and the 95th  

percentile then express the norm ative data w ith  the norm ative range depicting + 1 - 2  

standard deviation about the m ean, measured at the 95th percentile. The B U A  result 

can be com pared to a m ean norm al population result and expressed either by Z  score 

T  score or % expected.

T  and  Z  scores

These scores a llo w  fo r the com parison o f a patient’s B U A  value w ith  norm ative  

population.

B U A  Z  Score

The num ber o f population standard devotions that a B U A  value is aw ay from  the

population m ean value fo r a particu lar age.

Z  score =  Patient B U A  -  age-m atched m ean B U A  
age-m atched standard deviation

2.2.2.2. I n t e r p r e t i n g  Q U S  s c a n s
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B U A  T  Score

S im ilar to  Z  score but not age m atched. Instead the patient’s B U A  is expressed in  

term s o f  the population m ean and standard deviation at peak bone mass (young  

norm al) say age 20.

T  score =  P atient B U A  -  young adult m ean B U A  
Y oung adult standard deviation

S tatus T -  score fS D l

A verag e G re a te r th an  —1.0 S D

B elow  A verag e Less th an  - 1 .0  S D  b u t G re a te r th an  -2 .0  SD

R is k  o f osteoporotic fra c tu re Less th a n  -2 .0  S D

%  E xpected

A  percentage analysis o f the ultrasound result compared to an age m atched norm al 

mean.

Patient Data:

Scan Date Site Separation BUA %Exp Zu Tu
01/11/2001 L 49 76 101 0.06 -0.80

Normative BUA
140 

105 

70 

35 

0
O 10 20 30 40 50 60 70 SO 90 100

Age (years)

Figure 2.3: Broadband ultrasound attenuation BUA measurement at the heel
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Scan Data Sfta Separation VOS %Exp Zu Tu
01/11/2001 L 49  1619 98 -0 .89  -1 93

Normative VOS

0 10 20 30 40 SO 60 70 80 90 100
\ge (years)

F ig u re  2 .4 : V e lo city  o f sound m easurement at the heel

2 .2 .2 .3 . Q u a lity  a s s u r a n c e  te s ts

The C U B A C lin ic a l is a precision instrum ent; therefore it is essential at 

the beginning o f each session a Q A  (Q u ality  Assurance) test should perform  to 

ensure that the m achine is operating correctly. It is recom mend checking the 

calibration o f the instrum ent using the Q A  phantom  supplied w ith  the system.

Recom m ended lim its

The certificate o f calibration supplied w ith  the C U B A C lin ic a l states the 

B U A  and V O S  results obtained by M cC ue PLC during factory calibration o f this 

C U B A C lin ic a l w ith  its designated phantom . N orm ally , B U A  and V O S  values w ith  

in tolerance o f ± 2 B U A  and ±  20 V O S  m /s o f the values stated on the certificate  

should be obtained.
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•  Ensure that the faces o f the transducers and the phantom  are clean

•  Place a 25m m  diam eter c ircle  fu ll o f gel in  the center o f each face o f the 

phantom  using the tip  o f the gel bottle .

•  Place the phantom  in  the C U B A C lin ic a l

•  Close the transducer, by pressing the close button on the C U B A C lin ic a l

•  Check that the phantom  is pushed into  the bottom  o f the fo o tw e ll

•  The system w ill w a it fo r a setting period to a llow  distribution o f the gel to  

stabilize and any trapped a ir bubbles to  escape.

•  A fte r the settling period, the system w ill take the m easurement.

Performing a O A  Test
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2 .3  D e t e r m in a t io n  o f  l i f e s t y le  a n d  d i e t a r y  in t a k e

2 .3 .1  C o lle c tio n  o f  life s ty le  d a ta

A  b rie f lifesty le  questionnaire through a personal in terv iew  was used to 

collect in form ation on the level o f  physical activ ity  such as w a lk in g , sw im m ing, 

cycling and aerobics as hours per w eek. In form ation  on the tim e spent in  the  

sunlight as a period o f exposure to sun m inutes per day was also collected. The  

questions w ere also asked about an age, m arita l status and educational leve l. 

Frequency o f caffeine consum ption as cup per day, sm oking habits and general 

lifesty le  o f the subjects w ere also included. The inquiry included questions about 

gynecological and reproductive history (A ppendix II) .

2 .3 .2  M e th o d s  o f  d ie ta r y  a s s e s s m e n t

There are four approaches to m easuring food intake: d iet records, d iet 

recall, d iet history, and food frequency questionnaire (F F Q ). The m ethod chosen in  

th is research was the food frequency questionnaire and d iet records.

2 .3 .2 .1  F o o d  fr e q u e n c y  q u e s tio n n a ir e

D ietary  in form ation  was collected w ith  a food frequency questionnaire 

(F F Q ) through a personal in terv iew  (over the last year) (A ppendix I I ) .  The questions 

w ere divided into tw o  d ifferent parts: how  m any tim es a day usually a food has been 

eaten, w hich ranged from  one to three tim es per day, and how  m any days a w eek  

th is food was eaten, w hich ranged from  a day to seven days. There was also “tw ice a 

m onth” and “never” categories. The w om en w ere asked how  often, on average, per 

day, per w eek they had consumed these foods dairy products, eggs, fish , cereals and
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fats, using predefined frequency categories. A dd itional open questions about 

consum ption o f dairy products w ere included (e.g. type o f m ilk , num ber o f glasses 

o f m ilk  per day and type o f dairy products).

2 3 .2 .2  F o o d  d ia r y

Food diaries w ere given to the participants to w rite  dow n everything they  

ate o r drank in  three days, including any snacks, sweets and drinks betw een m eals 

and any tablets or supplements. They w ere asked to record a ll the ingredients in  

foods lik e  casseroles, salads or fru it salads and describe any sauces or dressings. 

They have been asked to give as m uch detail as possible about the type and am ount 

o f food and drink they have had, such as (glass fu ll, tablespoons and teaspoon). 

They w ere asked to indicate i f  foods or m eals had been prepared at hom e, ready

m ade and reheated or bought as a take aw ay. The m ethod o f cooking was to  

determ ine w hether the food was g rilled  or bo iled and the type o f fa t or o il used fo r 

fry ing . They w ere asked to note i f  the skin on item s such as baked potatoes, chicken  

and fru it w ere eaten.

2 .3 .3  C o d in g  a n d  a n a ly z in g  o f  d ie ta r y  in fo r m a t io n

Results concerning the coding and subsequent analysis o f the d ietary data 

can be found in  chapter 5.
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2 .4  C o l le c t io n  a n d  t r e a t m e n t s  o f  b lo o d  a n d  u r i n e  s a m p le s

B lood and urine specimens w ere obtained after an overnight fast. B lood  

was draw n in  the fasting state and collected in  tw o kinds o f evacuated tubes: 1) P la in  

evacuated tubes 5m l 13x75 M M . 2 ) L ith iu m  H eparin  (L H  851. IU ) tubes 5m l 

13x75 M M . A fte r collection, the sample was then allow ed to  clo t fo r 70m in  at room  

tem perature, and centrifuged at 3000x  g fo r lO m in  to separate the serum and 

plasm a. The extracted serum  and plasm a was stored at -  85 C ° u n til assayed fo r 

calcium , calciotropic horm ones and bone turnover m arker levels. Second m orning  

urine sample before 11.00 A M  was obtained in  to sterile tubes and stored at -  85 deg 

C ° u n til analyzed fo r pyrid ino line and deoxypyridinoline.

2 .5  A n a ly s is  o f  b o n e  t u r n o v e r  m a r k e r s

M o nitoring  o f bone m etabolism  by biochem ical means depends upon 

m easurem ent o f enzymes and proteins released during bone form ation (such as 

alkaline phosphatase, osteocalcin and collagen propeptides), and o f degradation 

products produced during bone resorption.

2 .5 .1 . M e a s u r e m e n t o f  b o n e  fo r m a t io n  m a r k e r s

F or assessing the rate o f bone form ation, circu lating levels o f serum  

osteocalcin and serum bone a lka line  phosphatase can be em ployed

2 .5 .1 .1 . A n a ly s is  o f  o s te o c a lc in  ( O C )

Several com m ercial assay kits are available fo r serum osteocalcin  

m easurem ents. These include bovine or hum an, m onoclonal or polyclonal antibody
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based immunoassays. These are in  radioim m unoassay or Enzym e linked  

im m unoassay (E L IS A ) form at.

P rin c ip le  o f th e  O steocalcin  assay

In  th is study w e used the M e tra™  O steocalcin immunoassay 

quantitatively to  measures intact (de novo) osteocalcin in  serum . This assay is a 

com petitive imm unoassay; it  uses osteocalcin-coated strips, a mouse anti

osteocalcin antibody. Th is  anti-m ouse Ig G -a lka lin e  phosphatase conjugate and a p - 

N itrophenyl phosphate substrate to  quantify  osteocalcin in  serum.

Reagents and M a te ria ls

The M e tra™  O steocalcin E IA  (activity-based assay) K it, contain the

fo llo w in g:

R eagents M a te ria ls

S u b stra te  ta b le t p-N itrophenyl phosphate

A n ti-O s te o c a lc in

P u rified  m urine m onoclonal anti
osteocalcin antibody in  a buffered  
solution containing nonionic detergent, 
stabilizers, and sodium  azide (0 .0 5 % ) as 
preservative

O steocalcin  S tandards

(0 ,2 ,4 ,8 ,1 6 ,3 2  n g /m l)
Lyoph ilized  osteocalcin, purified  from  
hum an bone, containing bu ffer salts and 
stabilizers

L o w /H ig h  C o n tro ls
Lyoph ilized  osteocalcin, purified  from  
hum an bone, containing b u ffer salts and 
stabilizers

E n zym e C o n ju g ate

Lyoph ilized  goat anti-m ouse Ig G  
antibody conjugated to a lkaline  
phosphatase containing bu ffer salts and 
stabilizers

C o ated  S trip s
O steocalcin purified  from  hum an bone 
adsorbed on to strip w ells
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S top S o lu tio n IN  N a O H

W ash  B u ffe r
N on ion ic  detergent in  a buffered solution  
containing sodium azide (0 .0 5 % ) as 
preservative

S u b stra te  B u ffe r
A  diethanolam ine and m agnesium  
chloride solution containing sodium  
azide (0 .0 5 % ) as preservative

R eagents p re p a ra tio n

A ll reagents should be equilibrated to room  tem perature (2 0 -2 5 ) p rio r to

use.

C o ated  S trip s
Rem ove Strip w e ll Fram e and the 
required num ber o f coated Strip from  the 
pouch

W ash  B u ffe r

Prepare required am ount o f IX  wash 
b u ffer by d ilu ting 1 0 X  W ash B uffer 
1:10 w ith  deionized w ater. Store at room  
tem perature (20 -25°C ). U se IX  W ash  
B u ffe r w ith  in  24 hours o f  preparation.

E n zym e C o n ju g a te

Prepare Enzym e Conjugate w ith  in  2 
hours o f use. Reconstitute each required  
v ia l o f Enzym e Conjugate w ith  10m l o f  
I X  W ash B uffer. A llo w  the pelle t to 
com pletely dissolve.

O steocalcin  S tan d ard s  and  contro ls

W ith  in  1 hour o f use, reconstitute 
Standards and controls w ith  0 .5m l o f IX  
W ash B uffer. A llo w  at least 15 m inutes 
fo r the pelle t to com pletely dissolve. 
Reconstituted Standards and Controls 
should not rem ain at room  tem perature 
fo r m ore than 2 hours.

W o rk in g  S u b strate  S o lu tio n

Prepare W orking  Substrate Solution w ith  
in  1 hour o f use. Put one Substrate 
Tab let into each required bottle o f room  
tem perature Substrate B u ffer. A llo w  30 - 
60 m inutes fo r tablet(s) to  dissolve. 
V igorously shake bottle(s) to  com pletely  
m ix .
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1. Desired num ber o f Coated Strips is placed in  the strip w e ll Fram e p rio r to  

use.

2 . 25 p L  o f Standard, C ontro l, or Sam ple is added to each w e ll o f  the Coated  

Strip. This step com pleted w ith  in  30 m inutes.

3. 125p L  o f A nti-O steocalcin  is added to each w e ll and incubated fo r 2  hours at 

room  tem perature (20 -25°C ).

4 . Invert/em pty strips. 3 0 0 p L  o f  I X  W ash B uffer is added to each w e ll and 

invert/em pty strips. Repeating tw o m ore tim es fo r to tal o f three washes. 

V igorously b lo t the strips d iy  on paper tow els after the last wash.

5. 150pL  o f the reconstituted Enzym e Conjugate is added to each w e ll.

6. Incubation fo r 60 m inutes at room  tem perature (20-25°C ).

7. W ash 3 tim es w ith  I X  W ash B u ffer.

8. 15 0 p L  o f reconstitute W orking  Substrate Solution is added to each w ell

9. Incubation fo r 35-40  m inutes at room  tem perature (20 -25°C ).

10. 5 0 p L  o f stop Solution is added to each w e ll to stop the reaction.

11. O ptical D ensity (O D ) is read at 405nm .

12. For M e tra ™  O steocalcin assay result Q uantitation softw are w ith  4-param eter 

calib ration curve fittin g  equation is used fo r analysis.

Assay procedure
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Standard O steocalcin levels: 0, 2 , 4 , 8, 16, 32 ng/m l

R e p r e s e n t a t i v e  S t a n d a r d  C u r v e

1.6

0 5 10 15 20 25 30 35

O steocalcin  (ng/m l)

4 Parameters: Concentration AB = (O D .A )/(C + D *O D ) A=1.4E+0;C=1.7E-2;
D=7.7E-2;Rm s ErroF=1.5t>1

In te r p r e a t io n  o f  r e s u l ts

Sam ple results are expressed as ng/m l.

P e r f o r m a n c e  c h a r a c t e r i s t i c s  

A n tib o d y  S pecifications

The m onoclonal anti-osteocalcin antibody was raised against bovine 

osteocalcin, w hich exhibits significant hom ology w ith  human osteocalcin. This  

antibody is believed to recognize only intact (de novo) osteocalcin and not 

fragments from  resorbed bone tissue.
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The m inim um  detection lim it o f  this assay is 0 .45 ng /m l, determ ined by the upper 3 

S D  lim it in  a Zero standard study.

P recis ion

W ith in -ru n  and betw een-run precision was determ ined by assaying three samples. 

Results are provided below .

C V %  =  Percent coeffic ient o f variance

C V %  =  SD  X  100 
M ean

Sensitivity

O steocalcin

n g /m l

W ith in  ru n 1

C V %

2B etw een ru n  

C V %

5.50 11.8 10.8

10.72 9 .0 7.8

21.86 7.9 8.0

1 n=T0 2n=3 in  3 runs

O steocalcin  E xpected  V alues

Females 3.7 -  10.0 ng/mL



O ver the years, a variety o f  methods have been developed that specifically  

isolate and measure the circulating bone-specific isoform  o f  A L P  distinct from  the 

liver and kidney isoform s (see section 1.3.3.1).

Fo r the M e tra ™  Bone-specific A lk a lin e  Phosphatase assay, antibody 

technology was em ployed to produce a m onoclonal antibody demonstrates 

specificity for (B S A P ). T h e  specificity  o f  the m onoclonal antibody used in  the assay 

allow ed for sim ple, convenient, reproducible and direct Quantitation o f  B S A P  

activity in  serum.

P r in c ip le  o f  the B on e-sp ecific  A lk a lin e  phosphatase assay

In this study w e used a com m ercial im m unoassay based on enzyme  

activity measurements for bone-specific (A P ) M e tra ™  Bone-specific  A lk a lin e  

Phosphatase (B S A P )  w hich utiliz in g  a single m onoclonal antibody coated on the 

m icrotiter strip to capture B S A P  in  the sample. Th e  enzyme activity o f  the captured 

B S A P  is detected w ith a p-N itrophenyl phosphate (pN PP) substrate.

2.5.1.2. Analysis o f  bone specific alkaline phosphatase (B SA P )
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R eagents and  M a te r ia ls

The M e tra ™  Bone-specific A lk a lin e  phosphatase (activity-based assay) K it, 

contain the follow ing:

R eagents M a te r ia ls

S u b stra te  tab let
p-Nitrophenyl phosphate

B S A P  S ta n d a rd s  A - F

(0 ,2 ,2 0 , 50, 80 ,1 4 0  U / L  B A P )
B A P  purified from  osteosarcoma S A O S -  
2
C e lls  in  a buffered solution containing  
m agnesium  chloride, Z in c  sulfate, 
surfactant, carrier protein, blue dye, and 
sodium  azide (0.05%) as a preservative.

L o w /H ig h  C o n tro ls

B A P  purified from  osteosarcoma 
S A O S -2
C e lls  in  a buffered solution containing  
m agnesium  chloride, Z in c  sulfate, 
surfactant, carrier protein, blue dye, and 
sodium  azide (0.05%) as a preservative.

A ssa y  B u ffe r

A  buffered solution containing  
m agnesium  chloride, Z in c  sulfate, 
surfactant, and sodium  azide (0.05%) as 
a preservative.

S u b strate  B u ffe r

A  2-am ino-2-m ethyl-l-propanol 
solution containing H E D T A ,  m agnesium  
chloride, Z in c  sulfate, and sodium  azide 
(0.05%) as a preservative.

C o ate d  S trip s
Purified  m urine m onoclonal A n t i-B A P  
IgG  antibody adsorbed onto strip w ells

Stop  S o lu tion

I N N a O H

W a s h  B u ffe r
N o n io n ic  detergent in  a buffered solution  
containing sodium  azide (0.05%) as 
preservative
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A l l  reagents are equilibrated to room  temperature (20-25) before use.

1. C o ate d  S trip s

Rem ove Strip w ell Fram e and the required number o f  coated Strip from  the 

Pouch.

2. W a s h  B u ffe r

Prepare required amount o f  I X  wash buffer by diluting 1 0 X  wash B uffer  

1:10

w ith deionized water. Store at room  temperature (20-25°C). U se  I X  W ash  

B uffer

w ith in  24 hours o f  preparation.

3. W o r k in g  S u bstrate  S o lu tion

Prepare W orkin g  Substrate Solution w ith in  1 hour o f  use. Put one Substrate 

Tablet into each required bottle o f  room  temperature Substrate Buffer.

A llo w  30-60 minutes for tablet(s) to dissolve. V ig orou sly  shake bottle(s) to 

com pletely m ix.

P r o c e d u r e

1. Required number o f  Coated Strips is placed in  the strip w ell Fram e prior to 

use.

2. 125pL o f  A ssay  B u ffer has been added to each w ell.

3. 2 0 p L  o f  Standard, control and Sam ple has been added to each w ell. Step is 

com pleted w ithin 30 minutes, w ith gentle sw irl o f  the strips to ensure m ix ing  

o f  sample and buffer.

4. 3 hours incubation at room  temperature (20-28°C).

Reagents preparation
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5. Invert/empty strips. 250]iiL o f  I X  W ash B uffer is added to each w ell and 

invert/empty strips. Repeating three more times for total o f  four washes. 

V ig o ro u sly  blot the strips d iy  on paper towels after the last wash.

6. 15 0 p L  o f  reconstitute W orkin g  Substrate Solution is added to each well.

7. Incubation for 30 minutes at room  temperature (20-28°C).

8. lO O pL  o f  stop Solution is added to each w ell to stop the reaction.

9. O ptica l Density (O D ) has been read at 405nm.

10. T o  analyze the assay results, Quantitation software w ith a quadratic 

calibration curve fitting equation has been used.

R e p r e s e n t a t iv e  S t a n d a r d  C u r v e

Standard B S A P  levels: 0, 2, 20, 50, 80, 140 U/L.

B one specific A lk a lin e  Phosphotase (U/L)

4 Parameters:ConcentrationAB=(OD-A)/(C+D*OD) 
A=1.4E+0;B 1,5E+0;C=2.1E-2; Rms Error-1.1 E+0
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1, Sam ple results are expressed as U /L.

2. 1 U n it represents 1 p m ol o f  p N P P  hydrolyzed per m inute at 25°C in  2- 

am ino-2-m eth y l-l-propanol buffer.

P e r f o r m a n c e  c h a r a c t e r is t i c s

A n t ib o d y  Specifications

The bone-specific alkaline phosphatase antibody has selective, h igh  

affin ity for the bone-specific alkaline phosphatase isoform , lo w  cross-reactivity to 

the liver form  o f  alkaline phosphatase, and negligible b inding o f  intestinal and  

placental isoenzymes.

S en sitiv ity

The m in im um  detection lim it o f  this assay is 0.7 U /L, determined by the 

upper 3 S D  lim it in  a Zero  standard study.

P re c is io n

W ith in-run and between-run precision were determined by assaying 3 serum  

samples in  6 runs. Results are provided below.

Interpretation  o f  results

B S A P W ith in - r u n 1
..... 1 .. —>y .......—

B etw een -ru n

(U/L) C V % C V %

6 6.7 5.3

18 3.9 4.7

49 15 8.9

*n=6 runs zn=5 runs
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= S D  X  100 
M ean

B S A P  E x p ected  V a lu e s

C V %  =  Percent coefficient of variance

A g e R a n g e
(yr) (U/L) M e d ia n

Fem ales 25-44 Premenopausal 1 1 .6 -2 9 .6 18.3

Fem ales > 45 Postmenopausal 1 4 .2 -4 2 .7 25.0

2 .5 .2 .  M e a s u r e m e n t  o f  b o n e  r e s o r p t io n  m a r k e r s

The collagen m olecules form  fibrils, are m ineralized and rem ain part o f  

bone for m any years. D u rin g  osteoclastic bone resorption these cross-links are 

released into the circulation and excreted in  the urine as free pyrid inoline (free P Y D )  

o r free deoxypyridinoline (free D -P D ). Co llagen cross-links show a circadian  

rhythm  and collection should be standardized: the first or second m orning vo id  o f  

urine should be used.

2 .5 .2 .I .  A n a l y s i s  o f  d e o x y p y r i d i n o l in e  ( D P D )  c r o s s l in k s

There are m any different ways to measure these metabolites o f  collagen. 

Th e  original assays for the hydroxypyridinium  crosslinks required high-perform ance  

liqu id  chromatography (H P L C )  (N ish i et a l ,  1999). M o re  recently, antibodies have  

been raised to various regions o f  the hydroxypyridinium  cross-links, and they can  

now  be measured in  urine by a num ber o f  com m ercial assays.
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P r in c ip le  o f  d e o x y p y rid in o lin e  cro sslin k s (D P D )  assay

T h e  M etra  D P D  assay is a com petitive enzym e im m unoassay in  a 

m icrotiter sh ip  w ell form at utiliz in g  a m onoclonal anti-D P D  antibody coated on the 

strip to capture D P D . D P D  in  the urine sample competes w ith conjugated D P D -  

alkaline phosphatase for the antibody and the reaction is detected w ith a p N P P  

substrate. M etra  D P D  results are corrected for urinary concentration by creatinine.

Reagents an d  M a te r ia ls

Th e  M e tra ™  D eoxypyrid inoline crosslinks (activity-based assay) K it , contain the 

follow ing:

Reagents M a te r ia ls

S u b strate  tab let
p-N itrophenyl phosphate

E n z y m e  C o n ju g a te

L yop h ilized  goat anti-mouse IgG  
antibody conjugated to alkaline  
phosphatase containing buffer salts and 
stabilizers.

D P D  S ta n d a rd s  A - F

(0, 3, 10, 30, 100, 300 nm ol/L)
D P D  purified  from  bovine bone in  
lO m m ol/L phosphoric acid  containing  
sodium  azide (0.05%) as preservative.

L o w /H ig h  C o n tro ls
D P D  purified from  bovine bone in  
lO m m ol/L phosphoric acid  containing  
sodium  azide (0.05%) as preservative.

C o ated  S trip s D P D  purified  m urine m onoclonal A n ti-  
D P D  antibody adsorbed on  to strip w ells

Stop  S o lu tion
I N N a O H

1 0 X  W a s h  B u ffe r
N o n ion ic  detergent in  a buffered solution  
containing sodium  azide (0.05%) as 
preservative

A ssa y  B u ffe r
N o n io n ic  detergent in  a  buffered solution  
containing sodium  azide (0.05%) as 
preservative

S u b stra te  B u ffe r
A  diethanolamine and m agnesium  
chloride solution containing sodium  
azide (0,05%) as preservative
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A l l  reagents are equilibrated to room  temperature (20-25) before use.

1. W a s h  B u ffe r

Prepare required am ount o f  I X  w ash buffer by diluting 1 0 X  wash B uffer 

1:10 w ith deionized water. Store at room  temperature (20-25°C). U se  I X  W ash  

B u ffe r w ith in  24 hours o f  preparation.

2. E n z y m e  C o n ju g a te  

Prepare En zym e Conjugate w ith in  2 hours o f  use. Reconstitute each required 

v ia l o f  En zym e Conjugate w ith  7m l o f  A ssay  Buffer.

3. W o r k in g  S u b stra te  S o lu tio n  

Prepare W ork in g  Substrate Solution w ith in  1 hour o f  use. Put one Substrate 

Tablet into each required bottle o f  room  temperature Substrate Buffer. A llo w  

30-60 minutes fo r tablet(s) to dissolve. V ig o ro u s ly  shake bottle(s) to be 

com pletely m ix .

P r o c e d u r e

1. Sam ple, Standards and Controls has been diluted 1:10 w ith  A ssay  B uffer 

(e.g. 50pl sample + 450 A ssa y  Buffer).

2. Required num ber o f  Coated Strips is placed in  the strip w ell Fram e prior to 

use.

3. 50pl o f  diluted Standard, C ontro l or Sam ple is added to each w ell o f  the 

coated Strips. T h is  step com pleted w ith in  30 minutes.

4. lOOjiil o f  reconstituted En zym e Conjugate is  added to each w ell.

5. Incubation for 2 hours at 2-8 °C in  the dark.

>

Reagents preparation

97



6. Invert/empty strips. 2 5 0 p L  o f  I X  W ash Buffer is added to each well and 

invert/empty strips. Repeating two more times for total o f  three washes. 

V igorously  blot the strips dry on paper towels after the last wash.

7. 150pl o f  W orking  Substrate Solution is added to each well.

8. 60 minutes incubation at room  temperature (20-28°C).

9. lOOfil p f  Stop Solution is been added to each well.

10. Optical Density (O D ) is read at 405nm  with in 15 minutes.

11. Quantitation software with a 4-parameter calibration curve fitting equation 

was used to analyze the assay results.

12. Concentration o f  samples and controls are determined from  the Standard 

curve.

R e p r e s e n t a t iv e  S t a n d a r d  C u r v e

Standard D P D  levels: 0, 3, 10, 30, 100, 300 nm ol/L

D eoxypyrid in o line  (nmol/L)

4 Parameters ConcentrationAB=(OD-A)/(C+D*OD) A=1.5E+0; B=9.0E-1; 
C=l.lE-2; D=5.6E-2; Rms Erroi=6.1E-l
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Results obtained were corrected fo r variations in  urine concentration by  

div id ing  the D P D  value (nmol/L) b y  the creatinine value (m m ol/L) o f  each sample 

(creatinine m g/dL x  0.088 -  m m ol/L). Th e  final D P D  results w ill be expressed as 

nm ol D P D  /mmol creatinine.

D P D  E x p e cte d  V a lu e s

Interpretation  o f  results

A g e M e a n S D
(yr) (nm ol/m m ol) R a n g e

Fem ales 25-44 5.0 1.4 3.0-7.4

P e r f o r m a n c e  c h a r a c t e r is t i c s  

A n t ib o d y  S p ecification s

The m onoclonal anti-D P D  antibody has selective, h igh  affin ity for free 

D P D  and neglig ib le b inding to D P D  peptides and free or peptide bound  

pyrid inoline (P Y D )

Sen sitiv ity

Th e  m in im u m  detection lim it o f  this assay is 1.1 nm ol/L, determined by 

the upper 3 S D  lim it in  a Zero standard study.

P re c is io n

W ith in-run and between-run precision were determined by assaying 3 

urine samples in  6 runs. Results are provided below.



S am ple
D P D

(nm ol/m m ol)
W ith in -ru n 1

C V %

■ ....... ......---- --- --j'".... .
B etw een-ru n

C V %

1 32 7.0 12

2 94 3.8 9.5

3 237 9.0 8.4

n=6 runs n=6 runs

C V %  = Percent coefficient o f  variance

= S D  X  100 
M ean

2 .S .2 .2 .  A n a l y s i s  o f  p y r i d i n i u m  c r o s s l in k s  ( P Y D )

Prelim inary im m unodetection methods for pyrid in ium  crosslinks (P Y D )  

indicated that no cross-links were present in  free form  in urine due to the presence o f  

specific diastereoisomerers. D irect im munoassays for the cross-links and a number 

o f  E L I S A  systems for m easuring free P Y D  are available. A n tibody technology was 

em ployed to produce a m onoclonal antibody that demonstrates specificity for 

pyrid in ium  crosslinks. Th e  specificity o f  the m onoclonal antibody used in  the assay 

allow ed for sim ple, convenient, reproducible and direct Quantitation o f  P Y D  and 

D P D  in  urine.

P r in c ip le  o f  p y r id in iu m  cro sslin k s (P Y D )  assay

Th e  M etra  D P D  assay is a com petitive enzyme im m unoassay in  a 

m icrotiter strip format u tiliz in g  a m onoclonal anti-pyridinium  crosslinks antibody to 

measure P Y D  and D P D  in  urine. T h e  P Y D  and D P D  in  the sample compete for the 

antibody with P Y D  coated on the strip. The  reaction is detected with a p N P P  

substrate. M etra P Y D  results are corrected for urinary concentration by creatinine.
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Th e  M e tra ™  Pyrid in ium  crosslinks (activity-based assay) K it , contain thefollow ing:

Reagents and Materials

R eagents M a te r ia ls

S u b stra te  tab let
p-N itrophenyl phosphate

E n z y m e  C o n ju g a te

L yop h ilized  goat anti-mouse IgG  
antibody conjugated to alkaline  
phosphatase containing buffer salts and 
stabilizers.

P Y D  S ta n d a rd s  A - F

(0, 1 5 ,4 0 ,1 0 0 ,2 5 0 , 750 nmol/L) 
P Y D  purified from  hum an urine in  
lO m m ol/L phosphoric acid containing  
sodium  azide (0.05%) as preservative.

L o w / H ig h  C o n tro ls
P Y D  purified from  hum an urine in  
lO m m ol/L phosphoric acid containing  
sodium  azide (0.05%) as preservative.

C o a te d  S trip s
P Y D  purified  from  bovine bone 
adsorbed on to strip w ells

S top  S o lu tion
I N  N a O H  1

1 0 X  W a s h  B u ffe r
N o n ion ic  detergent in  a buffered solution  
containing sodium  azide (0.05%) as 
preservative

A s sa y  B u ffe r
N o n ion ic  detergent in  a buffered solution  
containing sodium  azide (0.05%) as 
preservative

S u b stra te  B u ffe r
A  diethanolamine and m agnesium  
chloride solution containing sodium  
azide (0.05%) as preservative

R e a g e n t s  p r e p a r a t io n

A l l  reagents are equilibrated to room  temperature (20-25) before use.

1. W a s h  B u ffe r

Prepare required amount o f  I X  wash buffer by diluting 1 0 X  wash B u ffer 

1:10
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w ith deionized water. Store at room  temperature (20-25°C). U se  I X  W ash B uffer  

w ith in  24 hours o f  preparation.

2. E n z y m e  C o n ju g ate

Prepare Enzym e Conjugate w ith in  2 hours o f  use. Reconstitute each required  

v ia l o f  Enzym e Conjugate w ith  7m l o f  A ssay  Buffer.

3 . W o r k in g  Su bstrate  S o lu tion

Prepare W orking  Substrate Solution w ith in  1 hour o f  use. Pu t one Substrate 

Tablet into each required bottle o f  room  temperature Substrate Buffer. A llo w  

30-60 minutes for tablet(s) to dissolve. V ig orou sly  shake bottle(s) to 

com pletely m ix.

P r o c e d u r e

13. Sample, Standards and Controls has been diluted 1:10 w ith A ssay  B uffer 

(e.g. 50p i sample + 450 A ssa y  Buffer).

14. Required number o f  Coated Strips is  placed in  the strip w ell Fram e prior to 

use.

15. 50pl o f  diluted Standard, Contro l or Sam ple is added to each w ell o f  the 

coated Strips. T h is  step com pleted w ith in  30 minutes.

16. lOO pl o f  reconstituted En zym e Conjugate is  added to each w ell.

17. Incubation for 3 hours at 2-8 °C  in  the dark.

18. Invert/empty strips. 2 5 0 p L  o f  I X  W ash  B uffer is added to each w ell and 

invert/empty strips. Repeating tw o more times for total o f  three washes. 

V ig o ro u sly  blot the strips dry on paper towels after the last wash.

19. 150pl o f  W orking  Substrate Solution is added to each w ell.

20. 60 minutes incubation at room  temperature (20-28°C).

21. lOO pl p f  Stop Solution is been added to each well.
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22. Optical Density (O D ) is read at 405nm with in 15 minutes.

23. Quantitation software with a 4-parameter calibration curve fitting equation 

was used to analyze the assay results.

24. Concentration o f  samples and controls are determined from  the Standard 

curve.

R e p r e s e n t a t iv e  S t a n d a r d  C u r v e

Standard P Y D  levels: 0, 10, 40, 100, 250, 750 nmol/L.

0.2

o -I--------------- 1--------------- i--------------- !--------------- f--------------- i
0  2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0

P yrid in ium (n m oFL)

I n t e r p r e t a t io n  o f  r e s u lt s

Results obtained were corrected for variations in urine concentration by 

divid ing  the Pyridinium  crosslinks value (nmol/L) by the creatinine value (mmol/L) 

o f  each sample (creatinine mg/dL x 0.088 = mmol/L). The final P Y D  results w ill be 

expressed as nm ol P Y D  /mmol creatinine.
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P Y D  Expected Values

Sex A g e M e a n S D
(nm ol/m m ol) (nm ol/m m ol) (nm ol/m m ol)

Fem ales 1 6 .0 -3 7 .0 25.5 7.5

P e r f o r m a n c e  c h a r a c t e r is t i c s

A n tib o d y  S p ecification s

The m onoclonal anti-Pyrid inium  crosslinks antibody has selective, high  

affin ity for free P Y D  and negligible b ind ing  to P Y D  peptides

S en sitiv ity

The m in im um  detection lim it o f  this assay is 7.5 nm ol/L, determined b y  

the upper 3 S D  lim it in  a Zero  standard study.

P re c is io n

W ithin-run and between-run precision were determined by assaying 3 urine samples 

in  6 runs. Results are provided below . F o r  samples 1 through 3 represent low  

norm al, high norm al, and elevated resorption.

S am ple P Y D
(nm ol/m m ol)

W ith in - ru n 1
C V %

B etw een -ru n 2
C V %

1 89 7.3 10.1

2 315 2.5 3.1

3 609 4.7 10.7

C V %  = Percent coefficient o f  variance

= S D  X  100 
M ean
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2 . 6  B i o c h e m i c a l  a n a l y s i s  o f  b l o o d  s a m p l e s

2 .6 .1  M e a s u r e m e n t  o f  2 5 - H y d r o x y  V i t a m i n  D  ( C P B A  m e t h o d )

P r i n c i p l e

Serum  2 5 -O H  v itam in  D  was measured b y  a com petitive protein-binding  

assay (C P B A ) . T h is  is based on the com petition o f  2 5 -O H  V it  D  present in  the 

sample w ith biotinylated 2 5 -O H  V it  D  (tracer) for the binding pocket o f  vitam in D  

binding protein ( V D B P , G c-globulin). S ince all circulating 2 5 -O H  V it  D  is  bound  

to V D B P  in  v ivo , samples have to be precipitated w ith organic solvents to extract 

the analyte. The  supernatant is  used without further treatment in  the test.

P r o c e d u r e

In the first step, vitam in D  binding protein, anti v itam in  D  protein  

antibody, and samples / standards / controls are added. The 2 5 -O H  V it  D  present in  

the sample then competes w ith the 2 5 -O H - V it  D -B io tin , bound to the w ell, for the 

specific binding sites o f  the bind ing  protein. Hence, w ith increasing concentrations 

o f  2 5 -O H  V it  D  in  the sample the amount o f  b inding protein im m obilized  to the w ell 

v ia  the tracer is  reduced. Sim ultaneous addition o f  an antibody specific  for this 

protein yields a com plex, w h ich  is fin a lly  quantitated by incubation w ith a host 

specific peroxidase labeled antibody using T M P  as enzyme substrate. T h e  amount 

o f  co lor developed is inversely proportional to the amount o f  2 5 -O H  V it  D  present 

in  the standards / samples/ controls (i.e. the less vitam in D  that is present in  the 

sample, the higher the intensity o f  the co lor developed) (Haw a et a L , 1999). A  

standard curve is plotted and the concentrations o f  2 5 -O H  V it  D  in  the samples are 

calculated from  this curve.

105



Precision

Within-run and between-run precision was determined by assaying 3 samples in 9

runs. Results are provided below. For samples 1 through 3 represent low normal,

high normal, and elevated levels.

S am ple
2 5 (O H )  D  

M e a n  (n m ol /1)
W ith in - ru n 1

C V %
B etw een -ru n 2

C V %
1 34.0 11.0 14

2 50.83 13.8 12.9

3 79.31 18.0 10.4

n=9 runs n=6 runs

C V %  = Percent coefficient o f  variance

= S D  X  100 
M ean

2 .6 .2  M e a s u r e m e n t  o f  2 5 - H y d r o x y  V i t a m i n  D ( H P L C  m e t h o d )  

P r i n c i p l e

T h is  analysis has been done in  the laboratory o f  D r. Jacqueline B erry  in  

the Department o f  M ed icine , U n iversity  o f  M anchester (Supra-Regional A ssay  

Center). Serum  2 5 -O H  v itam in  D  was also measured by another technique that is 

high-pressure liqu id  chrom atography (H P L C )  w ith ultraviolet quantification. T h is  

assay involves the use o f  a tritiated recovery standard, w hich means that a recovery 

correction has to be applied to the H P L C  results. A n o ve l m ethod developed in  D r. 

M aw er and Berry laboratory, where this measurement had been done, overcomes 

this problem  by the use o f  an ultraviolet absorbing internal standard, w h ich is
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estimated on the same H P L C  run as the samples, thus enabling an automatic 

correction to be made.

1. S am ple  ex traction . Serum  (0.5 m l) is  placed into a 12 x  75- m m  

borosilicate glass culture tube containing 1000 cpm  o f  [ H ]2 5 (O H )D 3 

in  25 p i o f  ethanol to m onitor recovery o f  endogenous com pound  

through the extraction and chromatographic procedures. Fo llow in g  a 

15-min incubation w ith the tracer, 1 plasm a volum e o f  H P LC -grade  

acetonitrile is  added to each sample. The  sample is then vortex-m ixed  

for 1 m in, fo llow ed by  centrifugation at lOOOg for 10 m in. Th e  

supernatant is rem oved into another 12 x  75-m m  culture tube, and 1 

plasm a volum e o f  d istilled water is added.

2. S o lid -p h ase  extraction  ch ro m a to g ra p h y . C l 8 silica  Sep-Pak  

cartridges (500 mg) and Sep-Pak racks were obtained. The  C l 8 

cartridges are washed in  order w ith 5 m l o f  H P L C -g ra d e  methanol. The  

sample is then applied to the cartridge and eluted through the cartridge 

under vacuum  into waste. T h is  in itial step is fo llow ed by 5 m l o f  

30%water in  m ethanol (discard); then 3ml o f  acetonitrile is  added and  

collected as 2 5 (O H )D . this acetonitrile fraction is dried in  a heated 

water bath at 55°C, under N 2. Th e  lip id  residue is then resuspended in  1 

m l o f  1.5% isopropanol in  hexane and capped. T h e  C l 8 cartridges can 

be cleaned and regenerated b y  washing with 2  m l o f  methanol and 

reused m any times.

3. S ilic a  ca rtrid g e  c h ro m a to g ra p h y . S ilica  B o n d -E lu t cartridges (500 

mg) and V a c-E lu t cartridge racks were obtained. T h e  s ilica  cartridges 

are washed in  order w ith 5 m l o f  H P LC -grade  m ethanol, 5 m l o f
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H P L C -  grade isopropanol, and 5 m l o f  H P L C -g ra d e  hexane. Th e  

sample, in  1 m l o f  1.5% isopropanol in  hexane, is then applied to the 

cartridge and eluted through the cartridge under vacuum  into waste. 

T h is  in itia l elution is fo llow ed b y  4 m l o f  1.5% isopropanol in  hexane 

(discard) and 6 m l o f  5% isopropanol in  hexane. T h is  6-m l fraction  

contains 25(O H )D 2 and 25(O H)D3 and is subsequently dried in  a 

heated water bath at 55°C , under N 2.

4. Q u a n tita tive  n o rm a l-p h a se  H P L C . The final quantitative step is 

perform ed w ith normal-phase H P L C , using a 0.4 x  25-cm  Zorbax-S il 

colum n packed w ith 5-pm  spherical silica. T h e  m obile  phase is 

com prised o f  Hexane/dichloromethane/isopropanol (50:50:2.5, v/v) at a 

flo w  rate o f  2ml/min. T h e  sam ple residue from  the silica  cartridge is 

dissolved in  150pl o f  m obile  phase and injected onto the H P L C  colum n  

previously calibrated w ith  varying amounts o f  25(O H)D2 and 

2 5 (O H )D 3 (1-100 ng). T h is  H P L C  system provides clear resolution o f  

25(O H )D2 and 25(O H )D3. E lu tio n  and final quantitation o f  25(O H)D2  

and 25(O H)D3 is b y  direct U V  m onitoring at 265 nm . T h e  2 5 (O H )D 3 

portion is collected, dried under N 2 , and subjected to liqu id  

scintillation counting to determine the final endogenous recovery o f  25 

(O H )D 2 and 2 5 (O H )D 3 from  the sample. Calcu lations are then 

perform ed and the results reported in  ng/ml 25 (O H )D 2 and/or 

2 5 (O H )D 3.
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2 .6 .3  M e a s u r e m e n t  o f  1 , 2 5 - D ih y d r o x y  V i t a m i n  D  ( E I A  m e t h o d )  

P r i n c i p l e

Serum  1,25-dihydroxyvitam in D  was measured b y  a com petitive enzyme 

im m uno assay (EIA). T h is  is based on  the com petition o f  1,25-dihydroxyvitam in D  

present in  the sample w ith labeled 1,25-dihydroxyvitam in D  tracer for the binding  

site o f  the vitam in D  specific antibody.

P r o c e d u r e

In this assay, the b io log ica l active vitam in D  metabolite l,2 5 -(O H )2 D 3 

has to be extracted w ith two separate extraction colum ns. T h is  procedure is 

necessary to separate the l,2 5 -(O H )2 V it  D  from  other vitam in D  metabolites 

especially from  the 2 5 -O H  V it  D  and the 24,25-(OH )2 V it  D . A fte r evaporation, 

samples, calibrators and control are d issolved in  ethanol and antibody (mouse- anti 

l,2 5 -(O H )2 vitam in D ) is added. T h e  samples then have to be transferred to the 

microtiterplate. l,2 5 (O H ) 2 V it  D  present in  the sample competes w ith  the tracer for 

the specific b inding site o f  the specific  antibody. So, w ith the increasing 

concentrations o f  1,25 (O H )2 V it  D  in  the sample, the amount o f  antibody 

im m obilized  to the w ell v ia  the tracer is decreased. 1,25 V it  D  is  indirectly measured 

w ith a host specific peroxidase labeled antibody using T M B  (tetramethylbenzidine) 

as enzym e substrate. Th e  intensity o f  the co lor is indirectly proportional to the 

concentration o f  1,25 (O H ) V it  D  in  the sample (Arm bruster et a l ., 2000). A  dose 

response curve o f  the absorbance unit vs. concentration is generated using the results 

obtained from  the calibrators. Concentrations o f  1,25 (O H )2 V i t  D  present in  the 

patient samples are determined directly from  this curve.
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Precision

Within-run (intra-assay) and between-run (inter-assay) precision was

determined by assaying 3 samples in 8 runs. Results are provided below. For

samples 1 through 3 represent low normal, high normal, and elevated levels.

Sam ple
l,2 5 ( O H ) D  

M e a n  (pg  / m l)
W ith in -ru n 1

C V %
B etw een -ru n 2

C V %

1 18.46 9.2 7.3

2 40.93 6.9 6.6
3 51.65 10.0 9.0

n=8 runs n=5 runs

C V %  = Percent coefficient o f  variance

= S D  X  100 
M ean
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P r i n c i p l e

Intact parathyroid horm one (1-84) was analyzed by a two-site enzyme- 

linked  im munosorbent assay [E L IS A ]  w ith two different goat polyclonal antibodies 

to hum an P T H  have been purified  b y  affin ity chromatography to be specific for w ell 

defined region on the P T H  m olecule. One antibody is prepared to b ind  only the m id

region and C-term inal P T H  39-84 and this antibody is biotinylated. Th e  other 

antibody is prepared to b ind  on ly  the N -term inal P T H  1-34 and this antibody is 

labeled w ith horseradish peroxidase [H R P] fo r detection. A lthough m id-region and 

C-term inal fragments are bound by the biotinylated anti-PTH  (39-84), on ly  the intact 

P T H  1-84 form s the sandw ich com plex necessary for detection. T h e  capacity o f  the 

biotinylated antibody and the streptavidin-coated m icrow ell both has been adjusted 

to exhibit negligible interference by inactive fragments, even at very elevated levels.

P r o c e d u r e

In this assay, standards, controls, and samples are incubated with the 

enzym e labeled antibody and a b iotin  coupled antibody in  a streptavidin-coated 

m icroplate w ell. A t  the end o f  the assay incubation, the m icrow ell is washed to 

rem ove unbound com ponents and the enzyme bound to the solid  phase is incubated 

w ith the substrate, tetram ethylbenzidine (T M B ) . A n  acidic stopping solution is then 

added to stop the reaction and converts the co lor to yellow . Th e  intensity o f  the 

ye llow  co lor is d irectly proportional to the concentration o f  intact P T H  in  the 

sample. A  dose response curve o f  absorbance unit vs. concentration is generated 

using results obtained from  the calibrators. Concentrations o f  intact P T H  present in  

the controls and patient sam ples are determined directly from  this curve.

2.6.4. M easurem ent o f  in tact-P T H  [Parathyroid  horm one]
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Precision

Within-run (intra-assay) and between-run (inter-assay) precision was

determined by assaying 3 samples in 10 runs. Results are provided below. For

samples 1 through 3 represent low normal, high normal, and elevated levels.

S am p le

P T H
M e a n

( p g / m l)
W ith in - ru n 1

C V %
Betw een- r u n 1 

C V %

1 34.83 7.8 9.2

2 63.29 6.9 11.3

3 101.59 9.0 14.1

n= 10  runs n=8 runs

C V %  = Percent coefficient o f  variance

= S D  X  100 
M ean

2 .6 .5 .  M e a s u r e m e n t  o f  c a l c iu m  ( C a )

The quantitative determination o f  serum calcium  was carried out by  a 

fu lly  automated c lin ica l chem istiy  analyzer that uses colorim etric methods w ith  

endpoint determination as described b y  G ind ler and K in g  (1972). Determ ining  

ca lcium  is based on the reaction o f  ca lc ium  w ith o-cresolphthalein com plexone in  

alkaline solution. M agnesium  is m asked w ith 8-hydroxyquinoline. The  co lor 

intensity o f  the purple com plex form ed is directly proportional to the calcium  

concentration and is measured photom etrically. The  w ithin run (intra assay) and 

between run (inter assay) coefficients o f  variation (C V s) were 1.0% and 1.7%, 

respectively.
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Phosphorus in  serum was analyzed by a fu lly  automated m ethod based on  

the reaction o f  phosphate w ith am m onium  molybdate to form  am m onium  

phosphom olybdate without reduction to m olybdenum  blue as described by H en ry  

(1974). The  addition o f  an accelerator gives rise to a m ore rapid rate o f  reaction and 

the application o f  sam ple blanking yields m ore precise results. Inorganic phosphate 

form s an am m onium  phosphom olybdate com plex having the form ula (N H 4 )3 [PO 4 

( M o 0 3 ) i2 ] w ith am m onium  molybdate in  the presence o f  su lfuric acid. Th e  

com plex is determined photom etrically in  the ultraviolet region (340 nm). The  

w ith in  run (intra assay) and between run (inter assay) coefficients o f  variation (C V s )  

were 0.9% and 1.8%, respectively.

2.6.6. M easurem ent o f  in organ ic phosphorus (P H O S )



C H A P T E R  3

Extent of osteoporosis and 

osteopenia in Saudi Arabian 

postmenopausal and premenopausal 

women: effects of non-dietary 

lifestyle factors on indices of bone

health



There are few  data available concerning the bone health and lifestyle  

characteristics o f  w om en liv in g  in  M id d le  Eastern countries. In Saudi A rab ia  there 

are two studies have been published exam ined B M D  in  healthy Saudi females in  

Capital R iyadh city (Ghannam  et a l., 1999; D esouki, 2000). T h e  study achieved by  

Ghannam  et a l  to measure the bone m ineral density (B M D )  at the lum ber spine and 

the proxim al fem ur in  321 Saudi fem ales aged 10-50 years to establish nonnative  

data in  Saudi females and to compare these data with their U S A  counterparts. The  

other study present b y  E l-D e so u k i was to estimate the prevalence o f  osteopenia and 

osteoporosis in  postmenopausal Saudi w om en. Recently, (A rdaw i et a l ,  2004) 

measured bone m ineral density B M D  at the lum ber spine and fem ur regions in  915 

males and 1.065 females aged 20-79 years liv in g  in Jeddah area, to determine 

reference values for Saudis o f  both sexes and to compare these data w ith U S  / 

Northern European and Lebanese reference data. N one o f  the three studies have 

examined the influence o f  diet, physical activity and lifestyle r isk  factors on skeletal 

health.

R isk  factors for bone health can be divided into non-m odifiable and 

m odifiable risk factors. N on-m odifiab le  risk  factors such as age, sex, ethnicity, etc. 

are important when identifying h igh-risk individuals. A g e , is the important risk  

factor for both osteoporosis and fractures. W ith  advanced age bone is lost in  both 

m en and wom en, leading to increased risk  o f  fractures (Johnell, 2003). B M D  fe ll 

w ith age in  elderly m en and w om en (Hannan et a l ,  2000). T h e  m odifiable risk  

factors such as low  bone mass, physical activity, nutrition, body weight etc. can be 

m odified  so that w ill have less impact. B o d y  weight is a significant predictor o f  

bone density and fracture risk. There is direct relationship between body weight and

3.1 I ntroduction
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bone mass. A cco rd in g  to N ational O steoporosis Foundation, lo w  body weight is  one 

o f  four m ajor risk  factors for osteoporosis (Felson et a l ,  1993). T h e  find ing  that 

bone is lost in  m any individuals during w eight loss has m ajor health im plications. 

Recent studies indicate that m ajor risk  factor for fracture is a lo w  body weight and 

that maintenance o f  body w eight can prevent bone loss (Hannan et a l ,  2000; U u s i et 

a l ,  2001). A  few  studies have show n that increased body height is related to an 

increased risk  o f  hip fractures as in  the M E D O S ,  where the tallest quintile in  wom en  

had an increased risk (Johnell et a l ,  1995; K a n is  et a l ,  1999). W h ile  m any studies 

indicate that excessive height loss reflect low  bone mass and m ay predict 

osteoporosis related fractures (Hunt, 1996; Gunnes et a l ,  1996).

A n  epidem iological study suggests that physical activity can favorably 

influence the developm ent and maintenance o f  bone mass and delay the progression 

o f  osteoporosis. Short period o f  im m obilization  results in  rapid bone loss; w ith 

trabecular bone loss exceed that o f  the cortex (M azess and W headon, 1983). Several 

studies have reported a high bone density in  physica lly  active subjects as compared  

w ith that o f  sedentary subjects in  both cross-sectional (Heinonen et a l ,  1995; 

Etherington et a l ,  1996; Slem enda and Johnston, 1994) and prospective studies on  

postmenoposaual (N elson et a l ,  1994) and premenopausal w om en (Cooper et a l ,  

1995; Heinonen et a l ,  1996). There are m any studies on the relationship between 

physical activity and fracture rate, w h ich  indicate that individuals w ith increased 

physical activity have a low er fracture rate when compared to those with low  

physical activity. In this risk  factor there seems to be an interaction w ith nutrition, 

those who are physica lly  active also have a better food intake (Johnell et a l ,  1995; 

K an is e t a l ,  1999).
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3 .1 .1  S t u d y  a im

The a im  o f  this analysis therefore was to identify the extent o f  osteopenia 

and examine the effect o f  lifestyle and non-dietary risk  factors on indices o f  bone 

health in  Saudi A rab ian  women. T h e  effects o f  body weight, height, and age on bone 

m ineral density at five  skeletal sits were analyzed. Impact o f  duration o f  physical 

activity per w eek on  bone density was examined.

3 . 2  S t u d y  d e s i g n

3 .2 .1  S u b j e c t  s e le c t io n

In b rie f details o f  subject recruitm ent can be found in  (Section 2.1.1). A  

total o f  100 premenopausal and 112 postmenopausal w om en they were aged 20-30 

years and 45-60 years respectively and had not suffered from  any know n condition  

and were not taking any m edication lik e ly  to affect bone m etabolism. Th e  exclusion  

criteria used for the study are shown in  Tab le  2.1 (Page 61).

3 .2 .2 . A n t h r o p o m e t r ie s  a n d  b o n e  m a s s  m e a s u r e m e n t s

Details o f  the anthropometries and bone mass measurement undertaken 

can be found in  (Section 2.1.2). In b rie f w eight and height were recorded and body  

mass index (B M I) was calculated. B one m ineral density (B M D )  was determined at 

the lum bar spine (L2-L4), fem oral neck, fem oral ward, and fem oral trochanter using  

dual x-ray absorptiometry ( D X A )  (Lunar Corp ., D P X  version 4.7) (Section 2.2.1). 

Calcaneal bone mass was measured by broadband ultrasound attenuation (B U A )  

( C U B A  p,us+ softw areV4) (Section 2.2.2).
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3 .2 .3 .  C o l le c t io n  o f  l i f e s t y le  d a t a

In brief, a questionnaire was used to collect inform ation on current 

activity levels. Subjects were asked to record the amount o f  time they spent w alking, 

sw im m ing, etc per week. T h e  questionnaire was adapted for the physical activity  

section o f  the Scottish Heart H ealth  Study and had been previously used in  the 

physical activity and bone health studies (N ew  et a l ., 1997, 2000). A  copy o f  the 

questionnaire can be found in  A pp en d ix  II. Specifically , the fo llow ing  questionnaire 

were asked concerning physical activity levels of:

• W alk in g
• Jogging
• C yc lin g
• Sw im m ing
• A erob ic.

Inform ation on details o f  the lifestyle data, caffeine consum ption, sm oking and 

general lifestyle o f  the subjects can be found in  (Section 2.3.1).

3 . 3 .  S t a t i s t i c a l  a n a l y s i s

Anthropom etric data are show n in  Tables 3.1 and 3.2 for postmenopausal 

and premenopausal respectively. T h e  results are presented as m ean values w ith their 

standard deviation (SD ), m edian, m in im um  and m axim um . Bone data are expressed 

in  the form  o f  bone m ineral density (B M D ), broadband ultrasound attenuation 

(B U A ) , velocity o f  sound (V O S ) , t- score and z- score. V a lues in  the tables are given  

as m ean values w ith their S D , m edian and range (min-max). L ifestyle  factors data 

are expressed as physical activity hour per week. V a lues are presented in  tables as 

m ean values w ith their S D , m edian and range (min-max). The data were cheeked for 

norm ality and the variables were found to be not-norm ally distributed, non-
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parametric tests were applied. M u ltip le  linear regression analysis were conducted to 

examine the relation o f  B M D  percent changes w ith risk  factors.

3 . 4 .  R e s u l t s

3 .4 .1  A n t h r o p o m e t r ie s  d a t a

The subjects’ anthropometric data are shown in  Tab le  3.1 for 

postmenopausal and in  Tab le  3.2 fo r premenopausal. W om en were average height 

and weight for the local population. The  average body mass index B M I  for the 

group o f  postmenopausal was 30.9 ± 5.4765 (kg/m2) that is higher than norm al B M I  

and according to (W H O , 1998). These w om en were considered overweight (obese 

class 1). Grading o f  obesity according to body mass index (B M I) were: 30.0-34.9  

(kg/m2) Obese class I; 35.0-39.9 (kg/m2) Obese class II; >40.0 (kg/m2) Obese class

III. O n  the other hand, the average o f  body mass index B M I  for the group o f  

premenopausal w om en was 24.0 ± 5.688 (kg/m2), the norm al range is from  18.5- 

24.9 (kg/m2).

T a b le  3.1: A n th ro p o m e tr ic  data  fo r  112 postm enopausal S a u d i w om en

M e a n  ±  S D M e d i a n R a n g e

N = 1 1 2

A g e  ( Y ) 49.5 ± 5.0 48.0 4 3 .0 - 6 0 .0

W e i g h t  (k g ) 75.7 ± 1 4 .5 73.0 5 1 .5 0 -1 1 5 .0

H e i g h t  ( c m ) 156.4 ± 6.1 156.0 1 4 2 .0 0 -1 7 4 .0 0

B M I  (k g / m 2) 30.9 ± 5 .4 30.20 2 1 .1 - 4 7 .2
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Table 3.2: Anthropometric data for 100 premenopausal Saudi w o m e n

M e a n  ±  S D M e d i a n R a n g e

N = 1 0 0

A g e  ( Y ) 23.07 ± 3 .5 22.0 2 0 .0 - 3 3 .0

W e i g h t  ( k g ) 60.9 ± 15.0 59.0 3 8 .7 0 -1 1 2 .5 0

H e i g h t  ( c m ) 159.1 + 5.8 158.0 1 4 5 .0 -1 7 3 .0

B M I  <kg/m 2) 24.0 + 5.6 22.4 1 6 .0 -5 0 .0

3 .4 .2 . B o n e  m in e r a l  d e n s i t y  a n d  c a lc a n e a l  b o n e  m a s s

Table  3.3 and Tab le  3.4 summ arizes bone m ineral density B M D  at the 

anterior-posterior lum bar spine and three sites o f  the left fem ur, broadband 

ultrasound attenuation B U A  at the calcaneal site, velocity o f  sound V O S ,  t-score and 

z-score in  both groups. A s  shown in  Tab le  3.3, B M D  values o f  lum bar spine had  

norm al distribution w ith m inim um , m axim um  and m edian values o f  (0.09 - 1.57) 

g/cm2 and 1.07 g/cm2. B M D  values for fem oral neck, ward, trochanter and total hip  

were also norm ally distributed w ith m inim um , m axim um  and m edian values. F o r  

B U A  values was also distributed norm ally  w ith m inim um , m axim um  and m edian  

values o f  (41.0-120.0) and 66.0. Table  3.4 shows that all the B M D  and Q U S  

measurement variables were sign ificantly higher in  premenopausal w om en  

com pared w ith the postmenopausal wom en.

A s  shown in  the tables bone health indices indicated a h igh  prevalence o f  

lo w  bone mass in  both groups. Th e  percentage o f  wom en classified  as osteopenic 

and osteoporotic was calculated for postmenopausal w om en aged 45-60 years and 

premenopausal w om en aged 20-30 years. A ccord in g  to W H O  criteria (W H O , 1994) 

a total o f  52% o f  postmenopausal and 37% o f  premenopausal w om en were 

osteopenic at the lum bar spine. S im ilar results were found fo r the fem oral neck
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32% of postmenopausal and 23% of premenopausal was osteopenic. F o r  calcaneous 

they were 62% postmenopausal, 36% premenopausal was osteopenic. Th e  

percentages o f  w om en in  the tw o groups at the lum bar spine defined, as osteoporotic 

were 13% and 2% respectively.

T a b le  3.3: B o n e  in d ices d ata  fo r  112 postm enopausal S a u d i w om en

M e a n  ±  S D  

n = 1 1 2
M e d i a n R a n g e

L u m b a r  sp ine  B M D  (g/cm2)
1.07 ± 0.18 1.07 0 .0 9 -1 .5 7

F e m o ra l n e c k  B M D  (g/cm2)
0.91 ± 1.6 0.89 0 .6 1 -1 .4 4

F e m o ra l w a rd  B M D  (g/cm2)
0.78 ± 0.18 0.75 0 .4 5 -1 .4 0

F e m o ra l tro ch a n te r B M D  
(g/cm2)

0.79 + 0.1 0.77 0.51 - 1 .3 2

T o ta l fe m o ra l B M D  (g/cm2)
0.97 + 0.16 0.95 0 .6 6 -1 .4 2

Broadband ultrasound  
attenuation B U A  (db/MHz) 69.61 ± 15.86 66.0 4 1 .0 -1 2 0 .0

V e lo c ity  o f  sou n d  V O S  
(m/s)

1611.61 + 
28.54

1611.0
1 5 5 4 .0 -
1675.0

L u m b a r  sp ine t-score
-0 .9 8 + 1 .3 2 - 1.10 - 4 .4 0 - 3 .1 0

T o ta l fe m o ra l t-score
-0 .2 3  + 1.33 -0 .4 0 - 2 .8 0 - 4 .0

B U A  t-score
- 1.19 + 0.96 - 1.390 - 2 .9 3 - 1 .8 4

V O S  t-score
- 2 .1 + 0.66 - 2.120 - 3.45 — (- 

0.63)
L u m b a r  sp ine  z-score

-0 .8 6 + 1 .1 3 - 0.800 - 3 .9 0 - 3 .0

T o ta l fe m o ra l z-score
-0 .1 2 7 + 1 .1 3 -0 .3 0 - 2 .1 0 - 3 .5 0

B U A  z-score
-1 .0 2  + 8.67 - 0.440 - 9 .0 - 2 .6 7

V O S  z-score
- 0.91+ 0.64 - 0.910 - 2 .4 1 - 0 .7 3
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Table 3.4: Bone indices data for 100 premenopausal Saudi w o m e n

M e a n  ±  S D  

n = 1 0 0
M e d i a n R a n g e

L u m b a r  sp in e  B M D  
(g/cm2)

1.13 ± 0 .1 2 1.13 0.81- 1.41

F e m o ra l n e c k  B M D  
(g/cm2)

0.96 ± 0.1 0.94 0.62 -1 .3 2

F e m o ra l w a rd  B M D  
(g/cm2)

0.92 ± 0 .15 0.93 0.53 - 1.40

F e m o ra l tro ch a n te r B M D  
(g/cm2)

0.77 ± 0 .1 2 0.76 0 .4 6 -1 .1 0

T o ta l fe m o ra l B M D  
(g/cm2)

0.97 ± 0.13 0.978 0 .6 1 - 1 .3 4

B ro a d b a n d  u ltra so u n d  
attenuation  B U A  
(db /M H z)

78.36 ± 1 3 .4 9 78.0 4 6 .0 -1 1 4 .0

V e lo c ity  o f  sou n d  V O S  
(m/s)

1802.71± 1508.6 1655.0
1 5 3 1 .0 -
16811.0

L u m b a r  sp ine  t-score
-0 .5 7  ± 1.01 -0 .5 0 - 3 .2 0 - 1 .7 0

T o ta l fe m o ra l t-score
-0 .2 0  ± 1.11 -0 .2 0 - 3 .2 0 - 2 .9 0

B U A  t-score
-0 .6 8  ± 0.81 -0 .7 - 2 .6 2 - 1 .5 0

V O S  t-score
-1 .1 4  ± 0 .6 9 -1 .1 - 3 .9 8 - 0 .2 8

L u m b a r  sp in e  z-score
- 0.43 ± 0.9 -0 .5 0 - 3 .0 - 1 .6 0

T o ta l fe m o ra l z-score
-0 .1 6  ± 0 .9 -0 .1 0 - 2 .0 6 - 1 .9 0

B U A  z-score
- 0.93 ± 3.71 -0 .6 - 3 7 .0 - 1 .5 4

V O S  z-score
-1 .11  ± 1 .2 5 -1 .0 - 1 1 .6 7 - 0 .3 8



3 .4 .3 ,  E f f e c t  o f  b o d y  w e ig h t  o n  b o n e  h e a lt h  in d ic e s  in  

p o s t m e n o p a u s a l  w o m e n

Th e  data were exam ined for any association existed between body weight

and bone m ineral density ( B M D )  at five  skeletal sites, the lum bar spine, the fem oral 

neck, the fem oral ward, the fem oral trochanter, and the calcaneal, in  postmenopausal 

wom en. There was a significant positive association between body w eight and B M D  

at all five  sites (P<0.001, P<0.0001, P<0.0001, P O .O O O l, P<0.003) respectively 

(Fig. 3.1, 3.2, 3.3, 3.4, 3.5).
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Figure 3.1: Effect of body weight on lumbar spine B M D  in postmenopausal women
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W e i g h t  o f  s u b j e c t s  ( K G )

F ig u r e  3.2: E ffect o f  body weight on Fem oral neck B M D  in postmenopausal

w om en
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F ig u re  3.3: E ffect o f  body weight on Fem oral ward B M D  in  postmenopausal 

w om en
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F ig u re  3.4: E ffect o f  body weight on fem oral trochanter B M D  in  postmenopausal 

w om en

W e i g h t  o f  s u b j e c t s  ( K G )

Figure 3.5: Effect of body weight on B U A  in postmenopausal women



3 .4 .4 . E f f e c t  o f  b o d y  w e ig h t  o n  b o n e  h e a lt h  in d ic e s  in  

p r e m e n o p a u s a l  w o m e n

Th e  data were exam ined for the effects o f  w eight on bone m ineral

density ( B M D )  at five  skeletal sites, the lum bar spine, fem oral neck, fem oral ward, 

fem oral trochanter, and calcaneal, in  premenopausal wom en. There was a significant 

positive correlation between body weight and B M D  at all five  sites (P O .O O O l, 

P O .O O O l, P O .O O O l, P O .O O O l, P<0.003) respectively (Fig . 3.6, 3.7, 3 .8 ,3 .9 , 3.10).
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F ig u re  3.6: E ffect o f  body w eight on lum bar spine B M D  in  prem enopausal w om en
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Figure 3.8: Effect of body weight on femoral ward B M D  in premenopausal women
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3 .4 .5 . E f f e c t  o f  b o d y  h e ig h t  o n  b o n e  h e a lt h  in d ic e s  in  

p o s t m e n o p a u s a l  w o m e n

Th e  data were exam ined for an association between body height and

bone m ineral density at four skeletal sites, the lum bar spine, the fem oral neck, the 

fem oral ward, and the fem oral trochanter, in  postmenopausal wom en. Pearson 

product-mom ent correlation demonstrated that, there was a significant positive  

association between body height and B M D  at a ll four sites (P<0.001, P<0.004, 

P<0.02, P<0.008) respectively (Figure 3.11, 3 .12 ,3 .13 ,3 .1 4 ).
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F ig u re  3.11: E ffect o f  body height on  lum bar spine B M D  in  postmenopausal 

w om en
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H e i g h t  o f  s u b j e c t s  ( c m )

F ig u re  3.12: E ffect o f  body height on fem oral neck B M D  in  postmenopausal 

w om en

H e i g h t  o f  s u b j e c t s  ( c m )

Figure 3.13: Effect of body height on femoral ward B M D  in postmenopausal

women
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H e i g h t  o f  s u b j e c t s  ( c m )

F ig u r e  3.14: E ffect o f  body height on fem oral trochanter B M D  in  postmenopausal 
w om en

3 .4 .6 .  E f f e c t  o f  b o d y  h e ig h t  o n  b o n e  h e a lt h  in d ic e s  in  p r e m e n o p a u s a l  

w o m e n

Th e  data were exam ined for the effects o f  body height on bone m ineral 

density ( B M D )  at five  skeletal sites, the lum bar spine, fem oral neck, fem oral ward, 

fem oral trochanter, and calcaneal, in  premenopausal women. Pearson product- 

m om ent correlation demonstrated that, there was a significant positive correlation  

between body height and B M D  on ly  at the lum bar spine, fem oral neck and positive  

trend fo r the calcaneal site (P<0.0001, P<0.03, P<0.08) respectively (Fig. 3.15,
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Figure 3.16: Effect of body height on femoral neck B M D  in premenopausal women
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3.4.7. In fluence o f  age on bon e health indices in postm enopausal

w o m e n

The influence o f  age on postmenopausal bone indices was examined.

There was association between age and bone m ineral density at a ll five  skeletal sites,

the lum bar spine, fem oral neck, fem oral ward, fem oral trochanter, and calcaneal.

Pearson product-mom ent correlation demonstrated that, there was a significant

negative correlation between age and B M D  at four sites except fo r calcaneal there

was negative trend w ith age (P O .O O O l, P<0.02, P<0.002, P<0.05, P<0.2)

respectively (Fig . 3.17, 3.18, 3.19, 3.20). There was a significant negative

correlatetion between age and velocity  o f  sound (V O S )  (P<0.007).
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Figure 3.19: Effect of age on femoral ward B M D  in postmenopausal women
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3 .4 .8 .  I n f lu e n c e  o f  a g e  o n  b o n e  h e a lt h  in d ic e s  in  p r e m e n o p a u s a l  

w o m e n

The data were exam ined for the effects o f  age on bone m ineral density 

( B M D )  at five  skeletal sites, the lum bar spine, fem oral neck, fem oral ward, fem oral 

trochanter, and calcaneal, in  prem enopausal wom en. Pearson product-mom ent 

correlation demonstrated that, there wasn t any correlation between age and B M D  at 

the lum bar spine, fem oral neck on ly  negative trend at the fem oral ward site 

(P<0.07). There was a significant negative correlatetion between age and velocity o f  

sound (V O S )  (P<0.003).
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The data were analyzed for an association between physical activity as 

(hr/week) and bone m ineral density ( B M D )  in  the postmenopausal w om en group. A  

physical activity was sign ificantly  associated (Spearman correlation) w ith B M D  at 

five  skeletal sits: the lum bar spine, fem oral neck, femoral ward, fem oral trochanter 

and calcaneum  (P O .O O O l, P<0.002, P O .O O l,  P O .O O O l, P O .O l)  respectively. (Fig. 

3.21, 3.22, 3.23, 3.24, 3.25).

3.4.9. R elationship  betw een physical activity and bone indices in

postm enopausal w om en

P h y s i c a l  a c t i v i t y  ( h r / w e e k )

F ig u re  3.21: Impact o f  physical activity on lum bar spine B M D  in  postmenopausal 
w om en
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P h y s i c a l  a c t i v i t y  ( h r / w e e k )

F ig u re  3.24: Impact o f  physical activity on fem oral trochanter B M D  in  
4‘ postmenopausal wom en

P h y s i c a l  a c t i v i t y  ( h r / w e e k )

F ig u re  3.25: Impact o f  physical activity on calcaneal B U A  in  postmenopausal

w om en



3 .4 .1 0 . R e la t io n s h ip s  b e t w e e n  p h y s ic a l  a c t iv i t y  a n d  b o n e  in d ic e s  in  

p r e m e n o p a u s a l  w o m e n

T h e  data had been analyzed for an association between physica l activity  

as (hr/week) and bone m ineral density ( B M D )  in  premenopausal w om en group. 

Physical activity was significantly associated w ith B M D  at five  skeletal sits, the 

lum bar spine, the fem oral neck, the fem oral ward, the fem oral trochanter, and the 

calcaneal (P O .O O l, P O .O l ,  P 0 .0 0 2 ,  P O .O l ,  P O .O l)  respectively. (Fig. 3.26, 

3 .2 7 ,3 .2 8 ,3 .2 9 ,3 .3 0 )

P h y s i c a l  a c t i v i t y  ( h r / w e e k )

F ig u re  3.26: Impact o f  physical activity on  lum bar spine B M D  in  premenopausal 
w om en



P h y s i c a l  a c t i v i t y  ( h r / w e e k )

F ig u re  3.27: Impact o f  physical activity on  fem oral neck B M D  in  premenopausal 
w om en

Physical activity (hr/week)

Figure 3.28: Impact of physical activity on femoral wards B M D  in premenopausal
women
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M u ltip le  variables that cou ld  possib ly affect bone m ineral density had  

been exam ined by  regression analysis. A g e , body weight, height and physical 

activity remained independent r isk  factors at a ll four skeletal sites (Lum bar spine, 

fem oral neck, fem oral w ard and fem oral trochanter) in  postmenopausal w om en  

T ab le  3.5, 3.6, 3.7, and 3.8 respectively show  the effect o f  age, weight, height and  

physical activity in  postm enopausal group o f  Saudi wom en. Age-related changes in  

bone m ineral density were evident. There was a decreased in  B M D  values b y  about 

0.5% per year (lum bar spine), 0.5% per year (femoral neck), 0.8%per year (fem oral 

wards) and d id  not com e o as a significant predictors for fem oral trochanter. T h e  

influences o f  body weight on  B M D  values in  all four skeletal sites are nearly the 

same it exhibited increases o f  0.5% per kilogram  o f  the body. Height d id  not com e  

out as a significant predictor o f  bone m ineral density at any site measured. Physical 

activity showed significant increases in  a ll four skeletal sites (% per hour): 5.4%  

(lum bar spine), 2.2% (fem oral neck), 3.0% (femoral wards) and 2.8% (fem oral 

trochanter).

T a b le  3.5: R egression  coefficients o f  B M D  fo r  lu m b a r  sp ine site on age, W e ig h t, 
heigh t an d  p h ys ica l a ctiv ity  in  p ostm en opau sa l w om en

3.4.11. M ultilinear regression  analysis in postm enopausal w om en

M o d e l
U n s t a n d a r d iz e d

C o e f f i c ie n t s
S ta n d a r d iz e d
C o e f f i c ie n t s S ig .

B S td .  E r r o r B e ta
1 ( C o n s t a n t )

A g e  o f  s u b je c t s  
( y e a r )
W e ig h t  o f  
s u b je c t s  ( k g )  
H e ig h t  o f  
s u b je c t s  ( c m )  
P h y s ic a l  a c t i v i t y  
( h r / w e e k )

.8 4 2

- . 0 0 5

, 0 0 3

.0 0 1

.0 5 4

.3 4 7

.0 0 2

.0 0 1

.0 0 2

.0 0 8

- . 1 6 5

.2 5 9

.0 5 1

.5 0 3

.0 1 7

.0 3 4

.0 0 1

.5 2 6

.0 0 0

Dependent Variable: Lumbar spine BMD (g/cm2)
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L .S . B M D  = 0.842 -  0.005 x  A g e  + 0.003x W eight + 0.054 x  physical activity  

M u ltip le  correlation coefficient (R)= 0.671 

M o d e l significant = P O .O O O l

T a b le  3.6: R egression  coefficients o f  B M D  fo r  fe m o ra l n e ck  site on age, W e ig h t, 
h e igh t a n d  p h y s ica l a ctiv ity  in  postm en opau sa l w om en

M o d e l
U n s t a n d a r d iz e d

C o e f f i c ie n t s
S ta n d a r d iz e d
C o e f f i c ie n t s S ig .

B S td .  E r r o r B e t a
1 ( C o n s t a n t )

A g e  o f  s u b je c t s  
( y e a r )
W e ig h t  o f  
s u b je c t s  ( k g )  
H e ig h t  o f  
s u b je c t s  ( c m )  
P h y s ic a l  a c t i v i t y  
( h r / w e e k )

. 6 7 6

- . 0 0 5

.0 0 5

. 0 0 0

.0 2 2

. 3 8 0

.0 0 3

.0 0 1

.0 0 2

. 0 0 9

- . 1 4 8

. 4 7 3

.0 1 2

.2 0 5

.0 7 8

.0 8 4

.0 0 0

.8 9 6

.0 1 7

D e p e n d e n t  V a r ia b le :  F e m o r a l  n e c k  B M D  ( g / c m 2 )

Fem oral neck B M D  = 0.676 -  0.005 x  A g e  + 0.005 x  W eight + 0.022 x  physical 

activity.

M u ltip le  correlation coefficient (R)= 0.574 

M o d e l significant = P O .O O O l

T a b le  3.7: R egression  coefficients o f  B M D  fo r  fem o ra l w a rd s site on  age, 
W e ig h t, he igh t a n d  p h y s ica l a ctiv ity  in  postm enopausal w om en

M o d e l
U n s t a n d a r d iz e d

C o e f f i c ie n t s
S t a n d a r d iz e d
C o e f f i c ie n t s S ig .

B S td .  E r r o r B e ta
1 ( C o n s t a n t )

A g e  o f  s u b je c t s  
( y e a r )
W e ig h t  o f  
s u b je c t s  ( k g )  
H e ig h t  o f  
s u b je c t s  ( c m )  
P h y s ic a l  a c t i v i t y  
( h r / w e e k )

.9 4 2

- . 0 0 8

.0 0 5

- .0 0 1

.0 3 0

.4 5 0

.0 0 3

.0 0 1

.0 0 3

.0 1 1

- . 2 1 4

.4 0 5

- . 0 4 4

.2 3 9

.0 3 9

.0 1 5

.0 0 0

.6 2 8

.0 0 7

Dependent Variable: Femoral wards BMD (g/cm2)
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Fem oral wards B M D  = 0.942 -  0.008 x  A g e  + 0.005 x  W eight + 0.030 x  physical 

activity.

M u ltip le  correlation coefficient (R)= 0.544 

M o d e l significant = P<0.0001

T a b le  3.8: R egression  coefficients o f  B M D  fo r  fe m o ra l tro c h a n te r site on  age, 
W e ig h t, h e igh t a n d  p h y s ica l a ctiv ity  in  postm enopausal w om en

M o d e l
U n s t a n d a r d iz e d

C o e f f i c ie n t s
S ta n d a r d iz e d
C o e f f i c ie n t s S ig .

B S td .  E r r o r B e t a
1 ( C o n s t a n t )

A g e  o f  s u b je c t s  
( y e a r )
W e ig h t  o f  
s u b je c t s  ( k g )  
H e ig h t  o f  
s u b je c t s  ( c m )  
P h y s ic a l  a c t i v i t y  
( h r / w e e k )

.6 4 1

- . 0 0 3

.0 0 5

- .0 0 1

.0 2 8

.3 4 6

.0 0 2

.0 0 1

.0 0 2

.0 0 8

- . 0 9 7

. 5 3 2

- .0 4 1

. 2 7 5

.0 6 7

.2 3 6

.0 0 0

. 6 3 5

.0 0 1

D e p e n d e n t  V a r ia b le :  F e m o r a l  t r o c h a n t e r  B M D  ( g / c m 2 )

Fem oral trochanter B M D  = 0.641 —  0.003 x  A g e  + 0.005 x  W eight + 0.028 x  

physical activity.

M u ltip le  correlation coefficient (R)= 0.623 

M o d e l significant = P O .O O O l
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In premenopausal w om en m ultilinear regression was perform ed using  

independent variables age, body weight, height and physical activity. Regression  

analysis indicated the influence o f  these variables on the bone m ineral density at 

four skeletal sites (Lum bar spine, fem oral neck, fem oral w ard and fem oral 

trochanter) Tab le  3.9, 3.10, 3.11, and 3.12 respectively. In this group o f  w om en age- 

related changes in  bone m ineral density were also evident. E v e ry  skeletal site has a 

different rate o f  bone loss. A g e  d id  not com e out as significant predictors o f  B M D  at 

lum bar spine site, w h ile  in  fem oral neck, fem oral wards and fem oral trochanter were 

significant, it observed that age decreases bone m ineral density values by about 0.9 

% per year (femoral neck), 1.4 % per year (femoral wards) and 0.8 % per year 

(femoral trochanter). Lum bar spine, fem oral neck, fem oral w ords and fem oral 

trochanter B M D  exhibited increases from  o f  0.3% to 0.6 % per k ilogram  o f  the body  

weight. H eight d id  not com e out as a significant predictor o f  bone m ineral density at 

any site measured. Physical activity show ed significant increases in  B M D  values 

on ly  at lum bar spine and fem oral wards sites (% per hour): 4.3% and 2.2%. W h ile  at 

fem oral neck and fem oral trochanter com e out as not significant.

T a b le  3.9: R eg ression  coefficients o f  B M D  fo r  lu m b a r  sp in e  site on age, W e ig h t, 
h eigh t an d  p h y s ica l a ctiv ity  in  p re m e n o p au sa l w om en

3.4.12. M ultilinear regression analysis in prem enopausal w om en

M o d e l
U n s t a n d a r d iz e d

C o e f f i c ie n t s
S ta n d a r d iz e d
C o e f f i c ie n t s S ig .
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1 ( C o n s t a n t )  .
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s u b je c t s  ( k g )  
H e ig h t  o f  
s u b je c t s  ( c m )  
P h y s ic a l  a c t iv i t y  
( h r / w e e k )
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. 0 0 2
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.0 0 1
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.0 0 7
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.3 0 8

.1 0 1

.5 0 1

.0 1 7

.2 3 3

.0 0 0

.2 0 9

.0 0 0

Dependent Variable: Lumbar spine BMD (g/cm2)
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Lum bar spine B M D  = 0.635 -  0.003 x  A g e  + 0.003 x  W eight + 0.043 x  physical 

activity.

M u ltip le  correlation coefficient (R)= 0.703 

M o d e l significant = P<0.0001

T a b le  3.10: R eg ressio n  coefficients o f  B M D  fo r  F e m o ra l n e c k  site on  age, 
W e ig h t, he igh t an d  p h y s ica l a ctiv ity  in  p rem en o p au sa l w om en

M o d e l
U n s t a n d a r d iz e d

C o e f f i c i e n t s
S ta n d a r d iz e d
C o e f f i c ie n t s S ig .

B S td .  E r r o r B e ta
1 ( C o n s t a n t )

A g e  o f  s u b je c t s  
( y e a r )
W e ig h t  o f  
s u b je c t s  ( k g )  
H e ig h t  o f  
s u b je c t s  ( c m )  
P h y s ic a l  a c t i v i t y  
( h r / w e e k )
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.0 0 2
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.0 9 1

.0 1 0
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.3 0 0

D e p e n d e n t  V a r ia b le :  F e m o r a l  n e c k  B M D  ( g / c m 2 )

Fem oral neck B M D  = 0.793 — 0.009 x  A g e  + 0.005 x  W eight. 

M u ltip le  correlation coefficient (R)= 0.620  

M o d e l significant = P<0.0001

T a b le  3.11: R eg ression  coefficients o f  B M D  fo r  F e m o ra l w a rd s  site on  age, 
W e ig h t, h e igh t a n d  p h y s ica l a ctiv ity  in  p rem en o p au sa l w om en

M o d e l
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Dependent Variable: Femoral wards BMD (g/cm2)
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Fem oral wards B M D  = 1.315 -  0.014 x  A g e  + 0.005 x  W eight - 0.003 x  height + 

0.022 x  physical activity.

M u ltip le  correlation coefficient (R)= 0.592 

M o d e l significant = P O .O O O l

T a b le  3.12: R egression  coefficients o f  B M D  fo r  F e m o ra l tro ch a n te r site on  age, 
W e ig h t, he igh t and  p h y s ica l activ ity  in  p re m e n o p au sa l w om en

M o d e l
U n s t a n d a r d iz e d
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D e p e n d e n t  V a r ia b le :  F e m o r a l  t r o c h a n t e r  B M D  ( g / c m 2 )

Fem oral trochanter B M D  = 1.089 -  0.008 x  A g e  + 0.006 x  W eight - 0.003 x  height. 

M u ltip le  correlation coefficient (R)= 0.658 

M o d e l significant = P O .O O O l
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There are several rules regarding the m in im um  sample size required to 

achieve a particular pow er, w h ich  is dependent on the num ber o f  predictor variables. 

O ne rule o f  thumb attributed to G reen (991) is 50+8 *k, where k  is the number o f  

predictors. Thus for 5 variables, one needs a m in im um  sample o f  90. A nother 

factor that com es in  the equation is the effect size. M ile s  and Shevlin  (2001) 

produced a series o f  graphs to determine the sample size required to achieve a 

certain pow er for different effect sizes, as the numbers o f  predictors vary. W e  used 

the s im plified  graphs provided by  F ie ld  (2005), w hich showed to achieve a pow er 

level o f  80%, for three predictors m odel, one w ould  need a sample size o f  80 to 

detect a  m edium  size effect (40 for large effects and 600 for sm all effects).

O u r sample size is about 100, and the effect is  m edium  size, so we have a pow er 

exceeding 80%. F ro m  the same graphs one finds, for single variable m odel the 

required sample sizes are 35, 60m  and 400 fo r large, m edium , and large effects 

respectively.

3.4.13. Sam ple size and p ow er in regression
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3 . 5 .  D i s c u s s i o n

Th e  anthropometric parameter shows that the B M I  for the premenopausal 

w om en was (24 kg/m2) w h ich  is  at the higher lim it o f  the norm al range (18-24 

kg/m2), whereas in  the postm enopausal w om en was (30kg/m2) w h ich  is higher than 

the norm al range and indicate that these w om en are considered to be overweight 

(obese class 1). The  bone health indices for the study groups o f  premenopausal (20- 

30 y) and postmenopausal (45-60y) Saudi w om en in  the city o f  Jeddah indicated that 

a ll the B M D  and Q U S  measurement variables were significantly low er in  

postm enopausal w om en com pared w ith the premenopausal wom en. Th e  prevalence 

o f  osteopenia in  the premenopausal w om en at the lum bar spine site was 37%, the 

percentage o f  postmenopausal w om en that is  52%. S im ilarly  at the fem oral neck site 

the osteopenia was 23% in  prem enopausal w om en and 32% in  postmenopausal 

w om en. H igher percentage o f  osteopenia, were found for calcaneal bone mass being  

62% for postmenopausal. A  com parison o f  our study w ith a previous study by  

G hannam  et a l (1999) in  the city o f  R iyadh  (The capital o f  the kingdom ) revealed 

that the osteopenia percentage in  postmenopausal w om en was 45% in  the lum bar 

spine whereas the osteoporotic was around 17%. It obvious that the prevalence o f  

osteopenia in  postmenopausal w om en is higher in  Jeddah than the R iyadh city, but 

the prevalence o f  osteoporotic is  higher in  R iyadh. S im ilarly, the com parison in  the 

fem oral neck o f  premenopausal w om en between the two cities showed that the 

prevalence o f  osteopenia is  slightly low er in  the city o f  Jeddah (23%) than the 

R iyad h  city (27%), where as the prevalence o f  osteoporosis is higher in  Jeddah (4%) 

com pared w ith R iyadh (2%)
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Num erous studies have demonstrated the im portance role o f  physical 

activities in  developments and m aintenance o f  bone m ineral density. V ariou s studies 

have reported the beneficial affects o f  physical activity on grow ing bone (Boot et al., 

1997; G rim ston et a l., 1992; Slem enda et a l., 1991; Slemenda et a l., 1993). Regular 

exercise cou ld  be a valuable w ay to retard bone loss in  postm enopausal w om en  

(Pruitt et a l., 1992; W elsh  and Rutherford, 1996; Shim egi et a l., 1994; K ra ll and 

Daw son-Hughes, 1994; Hartard et a l., 1996; Bravo  et a l., 1996). How ever, the 

im pact o f  lifetim e physical activity on bone status has not been w ell established. In 

this study, the influence o f  physical activity on bone health has been examined by  

survey questionnaire, w hich includes questions o f  the amount o f  tim e spent and type 

o f  exercise including w alking, jogging, cycling, sw im m ing and aerobic per w eek o f  

both groups. Th e  results show  that, higher physical activity levels were associated 

w ith h igh  B M D . Th is  finding is consistent w ith postmenopausal and premenopausal 

women. It is also consistent w ith five  skeletal sites, the lum bar spine, the fem oral 

neck, the fem oral ward, the fem oral trochanter, and the calcaneal. O u r results 

provide clear evidence o f  the benefits o f  increased levels o f  physical activity on sites 

o f  the skeleton.

B o d y  weight is recognized as an important risk factor o f  osteoporosis. A  

positive association between body weight and bone density has been documented in  

epidem iological studies (Felson et al., 1993; Edelstein et a l ,  1993). In this study, 

our results show  a strong relation between body weight and bone density at five  

skeletal sits, the lum bar spine, the fem oral neck, the fem oral ward, the fem oral 

trochanter, and the calcaneal. Sign ificant positive association found between body  

weight and bone density in  our postmenopausal and premenopausal wom en. W om en  

w ith the highest body weights tended to have higher bone density. O u r results
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confirm  the finding from  other studies that reported that high body w eight appealed  

to protect against low  bone density (M acdonald  et al., 2005).

O u r results show that there was a significant relationship between body  

height and bone density in  postm enopausal w om en at four skeletal sits, the lum bar 

spine, the fem oral neck, the fem oral ward, and the fem oral trochanter. W h ile  in  

premenopausal w om en on ly  at tw o skeletal sits, the lum bar spine, and the fem oral 

neck. Th e  taller the w om en the greater the bone density. O u r results are in  line w ith  

the finding from  m any studies that height loss was significantly associated w ith  

fragility fractures that indicate the presence o f  an already osteoporotic condition  

(Gunnes et a l ,  1996; Hunt, 1996). A  recent study indicate that loss o f  height m ay be 

an important factor in  detecting osteoporosis o f  the hip, im ply in g  that evaluation o f  

height loss should be routine in  the outpatient setting (Kantor et a l ,  2004).

T h is  study found that bone m ineral density was inversely related to age in  

postmenopausal women. B M D  continue to fa ll w ith age at a ll o f  the five  sites. 

Cross-sectional and longitudinal studies also have reported age-related bone loss 

(Ensrud et a l ,  1995; Burger et a l ,  1994; Steiger et a l ,  1992). In premenopausal 

wom en, we d id  not see any association between age and bone density except at 

velocity o f  sound V O S , there were significant inverse relationship.
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C H A P T E R  4  

L i m i t e d  s u n l i g h t  e x p o s u r e  i s  

a s s o c i a t e d  w i t h  r e d u c e d  b o n e  m a s s  

i n  S a u d i  w o m e n
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Saudi A ra b ia  is  a  su n ny  cou n try  w e re  abundant su n ligh t a ll year rou nd . 

In  spite o f  the data su ggest that v ita m in  D  d e fic ie n c y  is  c o m m o n  in  S au di A ra b ia  

(S edran i et al, 1 9 8 3 ; A l  A ra b i et al., 1 9 8 4 ; F o n s e ca  et al., 1 9 8 4 ). A lth o u g h , the 

rela tive  con trib u tion s  o f  v ita m in  D  are k n o w n  to  vary  w id e ly  b e tw e e n  d iffe ren t 

g eog ra p h ica l areas, S au di A ra b ia  at latitude o f  (2 0 °N ) there is  n o  e v id e n ce  o f  

season a l varia tion , 7 -d e h y d ro ch o le s te ro l co n v e rs io n s  in  w in ter  is  s im ilar  to  the 

su m m er m on th s (G h a n n a m  et al., 1 9 9 9 ; L o v e r id g e , 2 0 0 0 ).

D esp ite  the a ssu m p tion  that abundant sunshine ensures adequ ate v itam in  

D  su pp ly , p e o p le  liv in g  in  th ose  su n ny c lim a tes  are n o t en su red  o f  d es ira b le  v itam in  

D  con cen tra tion . C ulture, c lo th in g , and  sh elter m in im ize  the natural p ro d u ctio n  o f  

v itam in  D  b y  the skin . S en s ib le  su n  e x p o su re  (u su a lly  5 -1 0  m in  o f  e x p o su re  o f  the 

arm s and  leg s  o r  the hands, arm , and  fa c e  fo r  tw o  o r  three tim es  p e r  w e e k ) is 

reason ab le  to  guarantee v ita m in  D  s u ffic ie n c y  (H o lic k , 2 0 0 4 ). It h ad  b e e n  estim ated  

that in  a y o u n g  adult there is a p p rox im a te ly  lu g  o f  7 -d e h y d ro ch o le s te ro l p er  ea ch  

cen tim eter o f  ep id erm is . W h e n  an e x p o su re  to  o n e  m in im a l e iy th erm al d o s e  o f  

sun ligh t it w ill  con v erts  5 -1 0 %  o f  the 7 -d e h y d ro ch o le s te ro l in to  p rev ita m in  D 3 th is 

w ill  in crease  the con cen tra tion  o f  v ita m in  D  c lo s e r  to  in gestin g  1 0 .0 0 0 -2 5 .0 0 0  IU  o f  

v itam in  D  (H o lic k , 1 9 9 4 ). S u n ligh t con trib u tes  8 0 %  to  the b o d y ’ s store  o f  v ita m in  D  

w h ile  the sm aller d ietary  c o m p o n e n t  is  a lso  v e iy  im portant but their in flu e n ce  o n  

b o n e  m ass attainm ent is  still u n d eterm in ed  (H ea n ey  et al., 2 0 0 1 ). T h e  im p lica t io n  o f  

p e r io d  o f  sun light e x p o su re  o n  in d ice s  o f  b o n e  health  rem ains u n d e fin ed .

4.1 I n t r o d u c t i o n
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4.1.1. Factors that regulate the cutaneous production of vitamin D3

1 ) S u n lig h t

D u rin g  sk in  e x p o su re  to  sun ligh t, so la r  u ltrav io le t beta  p h o to n s  (2 9 0 -3 1 5  

n m ) w ill  p h o to ly z e  7 -d e h y d ro ch o le s te ro l to  p rev itam in  D 3. P ro lo n g e d  e x p o su re  to  

sun ligh t ca n n ot cau se  the o v e r  p ro d u ct io n  o f  p rev ita m in  D 3. It is m a in ta in ed  in  

qu asi-p h otosta tion ary  state w h e re b y  n o  m o re  than 10 to  15 %  o f  the initial 

con cen tra tion  o f  7 -d e h y d ro ch o le s re ro l ca n  b e  co n v erted  to  p rev ita m in  D 3 (A d a m s  et 

al, 1 9 8 2 ).

2 )  E n v ir o n m e n t

Ail* p o llu t io n  con ta in s  o z o n e  that ca n  b e  qu ite  substantial. W h e n  the 

o z o n e  con cen tra tion  in  the a tm osph ere  is in creased , the o z o n e  w ill  e ff ic ie n t ly  a b sorb  

u ltrav io le t B  p h o to n s  w h ic h  it w il l  red u ce  the cu ta n eou s p h otosyn th esis  o f  

p rev itam in  D 3 (H o lic k , 1 9 9 4 ).

3 )  M e la n in  p ig m e n ta t io n

M ela n in  is p ro d u ce d  in  the sk in  in  resp on se  to  sun light. It e ffe c t iv e ly  a bsorb  

u ltrav io le t B  and  u ltrav io le t A  rad iation . In creased  m ela n in  p ig m en ta tion  in  the sk in  

w i ll  d ecrea se  the e f f ic ie n c y  in  the p h otosyn th esis  o f  p rev itam in  D 3.

4 )  S u n s c r e e n

S u n screen  u se  fo r  the p re v e n tio n  o f  sunburn , sk in  ca n ce r  and sk in  d am age , it has 

b e e n  s h o w n  that su n screen  ca n  p reven t the b e n e fic ia l e ffe c t  o f  sun ligh t, the 

p ro d u ctio n  o f  p rev ita m in  D 3. T h e  m ech a n ism  fo r  th is is  that su n screens a b sorb
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u ltra v io le t B  rad iation , an d  th ereby , c o m p e te  w ith  7 -d e h y d o rch o le s te ro l fo r  th e  

p rev ita m in  D 3 p ro d u c in g  p h o to n s  (H o lic k , 2 0 0 4 )

5 )  C lo t h in g

C lo th in g  a b sorb s  so la r  u ltra v io le t B  radiation . A  stu dy  b y  M a tsu ok a  h ad  

s h o w  w h e n  hum an  vo lu n teers  w o r e  fa b rics  m a d e  ou t o f  w h ite  o r  b la ck  co tto n , w o o l  

o r  p o ly e s te r  fo l lo w e d  b y  e x p o su re  to  su n ligh t fo r  u p  4 0  m in u tes, there w a s  n o  

e le v a t io n  in  circu la tin g  con cen tra tion s  o f  v ita m in  D  (M a tsu ok a  et al, 19 9 2 ).

6 )  L a t it u d e , s e a so n  a n d  t im e  o f  d a y

U ltra v io le t p h o to n s  quantity  that penetrates the earth ’ s su rface  is  

d ep en d en t o n  m an y  fa ctors  su ch  as path  len gth  w h ich  sun ligh t penetrates th rou gh  the 

a tm osp h eric  o z o n e  layer and  the so la r  rad iation  d istance  that m u st travel th rou gh  the 

a tm osph ere  as a  fu n ctio n  o f  so la r  zen ith  an gel w h ic h  dep en d s o n  latitude, sea son  and 

tim e  o f  day  (H o lic k , 2 0 0 4 ).

7 ) G la s s  a n d  p la s t ic s

W in d o w  g la ss  and  m a n y  p la stics  m a d e  fro m  p o ly ca rb on a te . F iberg lass  

an d  p o ly styren e  a ll a b sorb  so la r  u ltra v io le t B  radiation . E x p osu re  to  sun ligh t th rou gh  

o n e  o f  th ese  filters w ill  c o m p le te ly  p reven t the cu tan eous p ro d u ct io n  o f  v itam in  D 3 

(H o lic k , 1994).

4.1.2 Study aim

T h e  a im  o f  the analysis w a s  to  determ in e i f  b o n e  h ea lth  in d ice s  and b o n e  

tu rn over varied  a cco rd in g  to  d iffe ren t le v e ls  o f  sun ligh t ex p osu re .
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4 . 2 .  S t u d y  d e s i g n

4.2.1. Assessment of sunlight exposure

S u n ligh t e x p o su re  w a s  a ssessed  b y  questionnaire  re la tin g  to  the am ou n t o f  

d a ily  e x p o su re  du rin g  days, w e e k e n d s  and  h o lid a y s  as m in u te  p er  day  (s e c t io n  

2 .3 .1 ) . A l l  w o m e n  w e re  v e ile d  o r  p artia lly  v e ile d

4.2.2. Groups information

P ostm en op a u sa l and  p rem en op a u sa l w o m e n  ea ch  w e re  d iv id e d  in to  three 

g rou p s  a c co rd in g  to  the tim e th e y  spent in  the sun (m in /d a y ). G rou p s  w ere  as 

fo l lo w s :

• L o w : m in im a l e x p osu re  to  sun  (O m in /day)

• M e d iu m : m e d iu m  e x p o su re  to  su n  (1 5  m in /d a y )

• H ig h : h ig h  e x p o su re  to  sun  (3 0 -6 0 m in /d a y )

T h e  p ercen ta ge  o f  p ostm en op a u sa l w o m e n  in  these sun ligh t c la ss ifica tio n  g rou p s 

w a s : lo w  5 4 .6 % , m e d iu m  3 0 .5 % , an d  h ig h  1 4 .8 % . P rem en op a u sa l sun ligh t 

c la ss ifica tio n  g rou p s  w ere : l o w  3 9 .0 % , m e d iu m  2 8 % , and h ig h  3 3 % .

4 . 3 .  S t a t i s t i c a l  a n a l y s i s

R esu lts  fo r  th e  e f fe c t  o f  su n ligh t ex p osu re  tim e  o n  b o n e  in d ice s  p resen ted  

in  three g rou p s  are g iv e n  as m ea n  v a lu es  and their standard d ev ia tion . T h e  

re la tion sh ip  b e tw e e n  the exten t o f  su n ligh t ex p osu re  and  b o n e  in d ices  w a s  

in vestiga ted  u s in g  analysis o f  va ria tion  (A N O V A ) .  P re lim in ary  analysis w a s 

p e r fo rm e d  to  ensure n orm a lity  (K -S  test). S in ce  age , w e ig h t and  h e ig h t w ere  s h o w n  

to  b e  p o s it iv e ly  corre la ted  w ith  b o n e  in d ice s  in  C hapter 3 , an a lysis  o f  co v a r ia n ce  

(A N C O V A )  w a s  u sed  to  ad just fo r  th ese  fa cto rs  in  the sun ligh t analysis .
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4 . 4 .  R e s u l t s

4.4.1. The effect of sunlight exposure on bone indices in 

postmenopausal women

A s  s h o w n  in  the T a b le  4 .1 , v a lu es  o f  b o n e  health  in d ice s  w e re  m ea n  and 

S .D . D iffe r e n c e s  in  lu m bar sp in e  an d  fe m o ra l n e ck  B M D  w e re  ex a m in ed . 

D iffe re n ce s  in  b o n e  u ltrasound  an d  b o n e  tu rn over w ere  a lso  ex a m in ed . L u m bar 

sp in e  B M D  w a s  s ig n ifica n tly  lo w e r  in  g ro u p  on e  co m p a re d  w ith  g rou p  three 

(P < 0 .0 4 ) . N o n -s ig n ifica n t d iffe re n ce s  w e re  seen  at fem ora l n eck , fe m o ra l w ard s and 

fe m o ra l trochanter B M D  (P < 0 .2 , P < 0 .2 , P < 1 .5 ) . C a lcan ea l b o n e  m a ss  as a ssessed  b y  

B U A  and v e lo c ity  o f  sou n d  V O S  w a s  n o n -s ig n ifica n tly  lo w e r  in  g rou p  on e  

co m p a re d  to  g rou p  three (P < 0 .0 8 , P < 0 .1 4 )  (F ig . 4 .1 , 4 .2 , 4 .3 , 4 .4 , 4 .5 , 4 .6 ) . In  T a b le  

4 .3 , b o th  the lu m bar sp in e  and tota l fe m o ra l t -s co re s  w ere  s ig n ifica n tly  d iffe ren t 

be tw een  the g rou p s  (L S  t -s co re  G rp  1 =  -1 .2 1  (1 .4 1 )  vs. G rp  2  = -0 .6 5  (1 .0 4 )  v s . G rp3  

= -0 .7 8 (1 .4 3 ) ; T F  t -s co re  G ip  1=  -0 .4 1  (1 .4 )  v s . G rp  2  =  -0 .1 7  (1 .1 )  v s . G ip  3 = 0 .1 9  

(1 .3 ) . A  n o n -s ig n ifica n t corre la tion  w a s  fo u n d  b e tw een  p e r io d  o f  su n ligh t e x p osu re  

(m in /d ) and a x ia l B M D  and ca lca n ea l b o n e  m ass fo r  th ose  w o m e n . R esu lts  rem ained  

s ig n ifica n t at lu m bar sp in e  and  lu m b a r sp in e  t -s co re  a fter ad ju stm ent fo r  age , 

p h y sica l a ctiv ity , w e ig h t and  height.

4.4.2. Effect of sunlight exposure on bone indices in premenopausal 

women

T a b le  4 .2  sh ow s  v a lu es  o f  b o n e  health  in d ice s  as m ea n  and S .D . 

D iffe re n ce s  in  lu m bar sp in e  and  fe m o ra l n e ck  B M D  a ssessed  b y  D X A  w ere  

e x a m in ed  in  p rem en op au sa l w o m e n . D iffe re n ce s  in  b o n e  u ltrasou n d  and b o n e
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tu rn over w e re  a lso  e x a m in e d  in  th o se  w o m e n . L u m b a r sp in e  B M D  w a s  s ig n ifica n tly  

lo w e r  in  g rou p  o n e  co m p a re d  w ith  g rou p  three (P < 0 .0 5 ) . N o n -s ig n ifica n t  d iffe re n ce s  

w e re  seen  at fe m o ra l n e ck , fe m o ra l w ard s an d  fe m o ra l troch an ter B M D  (P < 0 .4 , 

P < 0 .1 , P < 0 .1 ). C a lca n ea l b o n e  m a ss  as a ssessed  b y  B U A  and v e lo c ity  o f  sou n d  V O S  

w a s  n o n -s ig n ifica n tly  lo w e r  in  g ro u p  o n e  c o m p a re d  to  g rou p  three (P < 0 .1 3 , P < 0 .6 )  

(F ig . 4 .7 , 4 .8 , 4 .9 , 4 .1 0 , 4 .1 1 , 4 .1 2 ) . In  T a b le  4 .4 , lu m bar sp in e  t -s co re s  w ere  

s ig n ifica n tly  d iffe ren t b e tw e e n  th e  g rou p s  (L S  t -s c o r e  G rp  1 =  -1 .8 3  (0 .9 9 )  v s . G ip  2  

= -0 .6 4  (1 .0 4 )  v s . G rp3  = -0 .2 3  (0 .9 4 ) . T o ta l fe m o ra l t-seores  w e re  n o n - s ig n ifica n tly  

d iffe ren t b e tw e e n  the g rou p s  (T F  t-s co re  G ip  1 =  -0 .5 0  (1 .1 )  v s . G ip  2 = -0 .1 9  (1 .1 )  v s . 

G rp  3 = -0 .0 9  (1 .0 ) . A  n on -s ig n if ica n t co rre la tion  w a s  fo u n d  b e tw e e n  p e r io d  o f  

su n ligh t ex p osu re  (m in /d )  and a x ia l B M D  and ca lca n ea l b o n e  m a ss  fo r  th ose  

w o m e n . R esu lts  rem ain ed  s ig n ifica n t at lu m bar sp in e  and  lu m bar sp in e  t -s co re  a fter 

ad justm ent fo r  age , p h y s ica l activ ity , w e ig h t  and  h eigh t.
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Table 4.1: Impact of sunlight exposure groups on bone indices of
postmenopausal w o m e n

L o w M e d i u m H i g h
P

v a l u e
L i n e a r i t y

A g e  (y ) 5 0 .6 7 + 5 .2 5 0 .6 7 + 5 .2 4 7 .7 5 + 4 .3 P < 0 .0 1 P <  0 .0 0 7

W e ig h t

(k g )

7 5 .7 1 + 1 5 .5 7 5 .7 1 + 1 5 .5 8 3 .3 1 + 1 5 .0 P <  0 .0 4 P <  0 .2

H e ig h t
( c m )

1 5 6 .6 8 + 5 .5 1 5 5 .7 5 + 7 .2 1 5 8 .0 +  6.1 P <  0 .4 P < 0 .7

B M I
(k g /m 2)

3 0 .7 6 + 5 .6 8 2 9 .8 3 +  4 .5 6 3 3 .4 1 + 5 .9 6 P <  0 .9 P  <  0 .2

L S  B M D
(g /c m 2)

1 .05  +  0 .1 7 1 .1 2  +  0 .1 2 1.1 +  0 .1 7
¥ < 0 .1 2

2P < 0 .0 4
P < 0 .0 9

F N  B M D  
(g /c m 2)

0 .8 9  +  0 .1 6 0 .9 2  +  0 .1 4 0 .9 6  +  0 .1 6
1P < 0 .3

2P < 0 .2
P < 0 .1 3

F W B M D
(g /c m 2)

0 .7 5  ±  0 .1 9 0 .8 0  +  0 .1 5 0 .8 1 +  0 .18
1P < 0 .3

2P < 0 .2
P < 0 .1 8

F T B M D
(g /c m 2)

0 .7 8 + 0 .1 5 0 .7 9  +  0 .1 2 0 .8 4 +  0 .1 4
¥ < 0 .3

2P < 0 .5
P < 0 .1 9

L S t -
s c o r e

-1 .2 1  ±  1.41 -0 .6 5  ±  1 .0 4 -0 .7 8 + 1 .4 3
¥ < 0 .1 2

2P < 0 .0 4
P < 0 .0 9

T F t -
s c o r e

-0 .4 1  ± 1 .4 -0 .1 7 +  1.1 0 .1 9 + 1 .3
¥ < 0 .2

¥ < 0 .2
P < 0 .0 9

B U A
( d b /M H z )

6 7 .1 1 + 1 4 .7 6 9 .5 3 + 1 4 .5 7 8 .8 7 + 2 0 .6
¥ < 0 .0 3

2P < 0 .0 8
P < 0 .0 1

V O S
(m /s )

1 6 0 7 .6 1 + 2 9 .4 1 6 1 7 .8 7 + 2 7 .5 1 6 1 8 .5 6 + 2 5 .6
¥ < 0 .1 6

2P < 0 .1 4
P < 0 .0 8

1. A N O V A
2 . A N C O V A
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Table 4.2: Impact of sunlight exposure groups on bone indices of
premenopausal w o m e n

Low Medium High P value Linearity

Age (y) 2 4 .4 3 ± 4 .1 2 2 .6 ± 3 .1 2 1 .6 9 ±  2 .2 P <  0 .0 0 3 P <  0 .001

W e ig h t

(k g )

5 8 .6 4 ± 1 4 .0 6 1 .1 ± 1 3 .3 6 2 .6 ± 1 6 .5 P <  0 .5 P <  0 .2 5

H e ig h t
( c m )

1 5 8 .7 ± 5 .7 1 5 9 .6 ± 7 .0 1 5 9 .1 ±  4 .7 P <  0 .81 P <  0 .71

BMI
(k g /m 2)

2 3 .3 ± 5 .9 6 2 3 .8 9 ±  4 .4 2 4 .6 ±  6 .0 P <  0 .63 P <  0 .3 4

L S  BMD
(g /c m 2)

1 .09  ± 0 .1 1 1 .1 2  ±  0 .1 2 1 .17  ±  0 .11
1P < 0 .0 3

2P < 0 .0 5
P < 0 .0 1

FN BMD
(g /c m 2)

0 .9 3  ± 0 .1 1 0 .9 6  ± 0 .1 4 0 .9 8  ± 0 .1 2
¥ < 0 .2

2P < 0 .4
P < 0 .1 1

FWBMD
(g /c m 2)

0 .8 8  ±  1.5 0 .9 3  ± 0 .1 7 0 .9 6 ±  0 .13
1P < 0 .7 0

2P < 0 .1 2
P < 0 .0 2

FTBMD
(g /c m 2)

0 .7 3  ±  0 .1 2 0 .7 7  ± 0 . 1 2 0 .8  ± 0 .1 1
¥ < 0 .1

2P < 0 .1
P < 0 .0 3

L S  t -  
s c o r e

-  0 .8 3  ±  0 .9 9 -0 .6 4  ± 0 . 1 4 -0 .2 3  ±  0 .9 4
¥ < 0 .0 4

2P < 0 .0 5
P < 0 .0 1

TF t- 
s c o r e

- 0 . 5 0  ± 1 .1 -0 .1 9 ±  1.1 0 .0 9 ± 1 .0
¥ < 0 .0 7

2P < 0 .1 3
P < 0 .0 2 5

BUA
(db/MHz) 7 5 .5 ± 1 3 .9 7 9 .2 8 ± 1 4 .2 8 0 .7 2 ± 1 2 .2

¥  <  0 .2  

2P < 0 .1 3
P < 0 .1

V O S
(m /s )

1 6 5 2 .5 1 ± 2 9 .8 1 6 5 7 .6 4 ± 2 8 .4 1 6 5 3 .0 ± 2 2 .6
¥ < 0 .7

2P < 0 .6
P < 0 .9

1. A N O V A
2 . A N C O V A
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Figure 4.1: Im pact o f  sun ex p osu re  tim e as g rou p s o n  lum bar sp in e  B M D  in 
p ostm en op au sa l w o m e n
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Figure 4.2: Impact of sun exposure time as groups on femoral neck B M D  in
postmenopausal w o m e n
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Sunlight exposure groups

F ig u r e  4.3: Impact of sun exposure time as groups on femoral ward BMD in 
postmenopausal women
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Figure 4.4: Impact of sun exposure time as groups on femoral trochanter B M D  in
postmenopausal w o m e n
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F ig u r e  4 .7 : Im pact o f  sun e x p osu re  tim e as g rou p s on  lum bar sp in e  B M D  in 
p rem en opausa l w o m e n
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Figure 4.8: Impact of sun exposure time as groups on femoral neck B M D  in
premenopausal w o m e n
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F ig u r e  4 .9 : Im pact o f  sun ex p osu re  tim e as g rou p s on  fem ora l w ard  B M D  in 
prem en opausa l w o m e n
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Figure 4.10: Impact of sun exposure time as groups on femoral trochanter B M D  in
premenopausal w o m e n
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F ig u r e  4 .1 1 : Im pact o f  sun e x p osu re  tim e as g rou p s o n  B U A  in prem en opausa l 
w o m e n
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F ig u r e  4 .1 2 : Im pact o f  sun e x p osu re  tim e as g rou p s  on  V O S  in prem en opausa l 
w o m e n
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Table 4.3: Values of t-score between groups in postmenopausal w o m e n

Low  

Group 1

Medium 

Group 2

High 

Group 3
P value

Lumbar spine 

t-score
-  1.21 ± 1 .4 1 - 0 . 6 5 + 1 . 0 4 - 0 .7 8 +  1 .43 P <  0 .0 4

Total femoral 

t-score
- 0 .4 1  +  1 .4 - 0 . 1 7 + 1 . 1 - 0 . 1 9 + 1 . 3 P <  0 .2

T a b le  4 .4 : V a lu e s  o f  t - s c o r e  b e tw e e n  g r o u p s  in  p r e m e n o p a u s a l  w o m e n

Low  

Group 1

Medium 

Group 2

High 

Group 3
P value

Lumbar spine 

t-score
- 1 .8 3  +  0 .9 9 - 0 . 6 4 + 1 . 0 4 -  0 .2 3 +  0 .9 4 P <  0 .0 5

Total femoral 

t-score
- 0 . 5 0 + 1 . 1 - 0 . 1 9 + 1 . 1 - 0 . 0 9 + 1 . 0 P <  0 .13



4.4.3. Effect of sunlight exposure on bone turnover markers in 

postmenopausal women

A s  T a b le  4 .5  sh o w s , m ea n  and standard d e v ia tio n  v a lu es  o f  b o n e  

tu rn over m arkers o f  b o n e  resorp tion  and  b o n e  form a tion . W e  e x a m in e d  th ese  data to  

see  i f  there an y  a ssoc ia tion  e x is te d  b e tw e e n  b o n e  tu rn ov er  m arkers in  

p ostm en op a u sa l w o m e n  and the su n ligh t e x p osu re  tim e. T h ere  w a s  a  s ign ifica n t 

p o s it iv e  a ssoc ia tion  b e tw een  the b o n e  fo rm a tio n  m arkers (O C  and  B S A P ) and  the 

su n ligh t e x p osu re  g rou p s  (P <  0 .0 4 ; P < 0 .0 0 2 ) resp ective ly . F o r  the b o n e  resorp tion  

m arkers there w e re  n o  s ig n ifica n t a sso c ia tio n  b etw een  P Y D  and D P D  and  the 

su n ligh t ex p osu re . A  trend w a s  o b se rv e d  be tw een  g rou p s  (P < 0 .2 ; P < 0 .2 ) 

resp ectiv e ly .

4.4.4. Effect of sunlight exposure on bone turnover markers in 

premenopausal women

A s  s h o w n  in  T a b le  4 .6 , m ea n  and  standard d e v ia tio n  o f  b o n e  tu rn over 

m arkers o f  b o n e  resorp tion  and  b o n e  fo rm a tion . D ata  w ere  ex a m in e d  to  see  i f  there 

any a ssoc ia tion  ex is ted  b e tw een  b o n e  tu rn over m arkers in  p rem en op a u sa l w o m e n  

and  th e  sun ligh t e x p osu re  tim e. A s s o c ia t io n s  b e tw een  b o n e  resorp tion  m akers (P Y D  

and  D P D ) and  sun ligh t e x p o su re  w a s  p o s it iv e  trend (P < 0 .3 , P < 0 .8 )  re sp ectiv e ly . 

A s s o c ia t io n  b e tw e e n  b o n e  fo rm a tio n  m arkers (O C  and B S A P ) an d  su n ligh t e x p osu re  

w e re  a lso  p o s it iv e  trend (P < 0 .6 , P < 0 .5 )  resp ectiv e ly .
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T a b le  4 .5 : E f fe c t  o f  s u n lig h t  e x p o s u r e  g r o u p s  o n  b o n e  t u r n o v e r  m a r k e r s  in
p o s tm e n o p a u s a l  w o m e n

Low  

Group 1

Medium 

Group 2

High 

Group 3
P value

PYD (nmol/1) 3 9 .3 8 +  14 .2 3 4 .4 3 +  12 .15 3 7 .9 3 +  1 1 .5 6 P < 0 .2

DPD (nmol/1) 10 .6  +  3 .9 9 .4  ± 3 . 5 9 .5 5  +  3 .1 5 P <  0 .2

OC (ng/ml) 1 0 .7 4  +  4 .0 8 .0  +  2 .31 10.3 ± 2 .5 P < 0 .0 4

BSAP (U71) 2 1 .6 + 7 .4 1 8 .1 6 + 8 .5 2 3 .4 7 + 5 .3 P < 0 .0 0 2

T a b le  4 .6 : E f fe c t  o f  s u n lig h t  e x p o s u r e  g r o u p s  o n  b o n e  t u r n o v e r  m a r k e r s  in
p r e m e n o p a u s a l  w o m e n

Low  

Group 1

Medium 

Group 2

High 

Group 3
P value

PYD (nmol/1) 3 5 .1 6 +  11 .45 3 4 .2 3  ±  10 .86 4 5 .4 0 +  5 6 .4 5 P < 0 .3

DPD (nmol/1) 10 .68  ±  5.3 1 0 .1 8  +  3 .3 1 0 .3 9  +  4 .2 5 P <  0 .8

OC (ng/ml) 1 2 .2 6  +  4 .8 1 3 .2 5  ±  3 .7 1 2 .69  +  3 .1 P < 0 .6

BSAP (U/l) 1 7 .1 2 +  5 .4 7 1 7 .9 9 + 5 .7 2 1 8 .5 8 + 5 .4 5 P < 0 .5
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4 . 5 .  D i s c u s s i o n

T h e  e f fe c t  o f  su n ligh t e x p o su re  o n  b o n e  health  in d ice s  w e re  stud ied  in  

th is p o p u la tio n  o f  p o stm en op a u sa l and  p rem en op a u sa l w o m e n  a fter d iv id e d  in to  

three g rou p s  a c co rd in g  to  the tim e  spen t under the sun. T h ere  is  c lea r ly  an 

a ssoc ia tion  b e tw e e n  the tim e  o f  e x p o su re  to  the sun  and b o n e  h ea lth  in d ices . T h e  

a ssoc ia tion  w ith  su n ligh t w a s  stron ger at lu m bar sp in e  site in  b o th  g rou p s  o f  w o m e n  

the p ostm en op a u sa l and  p rem en op a u sa l. F o r  the o th er three sites, fe m o ra l n eck , 

fe m o ra l W a rd , and  fe m o ra l troch an ter there w a s  a  trend in  the p ostm en op a u sa l and 

prem en op a u sa l w o m e n . A  stu dy  p u b lish e d  b y  R o s e n  in  w o m e n  d em on stra ted  that 

ex p osu re  to  sun ligh t p la ys  im portan t r o le  in  m ainta in ing c ircu la tin g  c o n c . o f  

2 5 (O H )D  and b o n e  m in era l d en sity  p resu m a b ly  b eca u se  o f  the e f fe c t  o f  casual 

ex p osu re  to  sun ligh t in  p ro v id in g  th ese  w o m e n  w ith  their v ita m in  D  requ irem en t 

(R o s e n  etal., 1 9 9 4 ).

F re e -liv in g  h ea lth y  y o u n g  adults w o u ld  b e  at r isk  o f  v itam in  D  

d e fic ie n cy . H o w e v e r , th ey  h a v e  severa l risk  fa cto rs  fo r  v itam in  D  d e fic ie n c y , su ch  as 

w o rk in g  lo n g  h ou rs in d o o rs  w ith  little  e x p o su re  to  sun light, th ey  are m o re  lik e ly  

w ea rin g  sun p ro te ct io n  o n  sun  e x p o s e d  areas su ch  as c lo th in g  b e ca u se  o f  their w orry  

fr o m  in crea sed  r isk  o f  sk in  ca n ce r  and  w rin k les  as a  result, w h e n  th ey  e x p o s e d  to  

sun ligh t th ey  m ak e  little  v ita m in  D 3 in  their skin . T a n gp rich a  o b s e rv e d  that 3 2  %  o f  

m e d ica l students and y o u n g  d o c to rs  a g ed  1 8 -2 9  years w ere  v ita m in  D  d e fic ie n t  

(T a n g p rich a  et al., 2 0 0 2 ). It has b e e n  r e c o g n iz e d  fo r  m o re  than three d eca d es  that 

e lders  are at h igh  risk  o f  d e v e lo p in g  v ita m in  D  d e fic ie n c y  (G lo th  et al, 1 995 ; L ip s , 

2 0 0 1 ; C h a p u y  et al, 1 9 9 7 ). V ita m in  D  d e fic ie n c y  is  ex trem ely  c o m m o n  in  o ld er  

adults in  E u rop e  b e ca u se  essen tia lly  n o  fo o d s  are fo r t ifie d  w ith  v ita m in  D . In  the 

U n ited  States and  C anada, v ita m in  D  d e fic ie n c y  is  a lso  m o re  c o m m o n  than
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ex p e c te d . G lo th  et al rep orted  54  %  o f  co m m u n ity  d w e lle rs  and  38  %  o f  nursing 

h o m e  res id en ce  in  th e  B a ltim o re  area w e re  se v e re ly  v itam in  D  d e fic ie n t . Inpatients 

are at h ig h  r isk  o f  v ita m in  D  d e fic ie n c y  (T h o m a s  et al, 1998 ). It w a s  rep orted  that 

5 7  %  o f  m id d le  a g e d  and  o ld e r  adults w e re  v ita m in  D  d efic ien t.

T h e  p r in c ip a l ca u se  o f  v ita m in  D  d e fic ie n c y  is  la ck  o f  adequ ate  e x p osu re  

to  sun ligh t. T h e  sk in  has a  la rge  ca p a c ity  to  p ro d u ce  v itam in  D 3 E x p o su re  o f  an 

adu lt in  a  bath in g  su it to  stim u lated  su n ligh t that m im ick e d  the a m ou n t o f  t im e  that 

w o u ld  b e  on e  m in im a l erytherm al d o s e  (1 M E D )  that is , cau se  a  m in im u m  p in kn ess 

to  the sk in , resu lted  in  an  in crea se  in  b lo o d  le v e ls  o f  v ita m in  D 3 co m p a ra b le  to  

in g estin g  b e tw een  1 0 ,0 0 0  and 2 5 ,0 0 0  IU  o f  v ita m in  D . A lth o u g h  a g in g  substantially  

red u ces  the am ou n t o f  7 -  d e h y d ro ch o le s te ro l in  the sk in , it still has an adequate 

ca p a c ity  to  m ak e  v ita m in  D  (H o lic k , 2 0 0 2 ; C h e l et al, 1998 ; C h u ck  et al., 2 0 0 1 ).

T h e  s e c o n d  ca u se  o f  v ita m in  D  d e fic ie n c y  is  that it is  v e ry  fe w  fo o d s  

naturally  con ta in  v ita m in  D . T o  sa tisfy  the v ita m in  D  requ irem en t b y  d rin k in g  m ilk , 

w o u ld  requ ire  in gestin g  tw o , fou r , and  s ix  g la sses  a  day  fo r  ch ild ren  and  adults u p  to  

the age  o f  5 0 , and adults a g ed  5 1 -7 0 , 7 0 +  years, resp ectiv e ly . B e ca u se  the v ita m in  D  

con ten t in  m ilk  is h ig h ly  v a ria b le  and  o fte n  con ta in s  less  than 5 0  %  o f  w h at is  stated 

o n  the la b e l, it m a y  n o t  p r o v id e d  an adequ ate  am ou n t o f  v ita m in  D  (H o lic k  et al., 

1 9 9 2 ). Intestinal m a la b sorp tion  sy n d rom es, e s p e c ia lly  o f  the sm a ll in testine w h ere  

v ita m in  D  is a b sorb ed , ca n  lead  to  sev ere  v ita m in  D  d e fic ie n c y  (L o  C W  et al., 

1 9 8 5 ).

S u nligh t e x p o su re , h o w e v e r , m u st b e  o f  va lu e  in  p ro te ctin g  against 

v ita m in  D  d e fic ie n cy . V ita m in  D  in crea ses  intestinal a b sorp tion  o f  ca lc iu m  fa v or in g  

the id ea l en v iron m en t fo r  m in era liza tion  o f  b o n e  and  v ia  its o s te o c la s t ic  a ction  it 

p reven ts  h y p o ca lca e m ia  (G a n n a g e -Y a rd  et al, 2 0 0 1 ) .
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C H A P T E R  5  

D i e t a r y  ‘ q u a l i t y ’  a n d  ‘ q u a n t i t y ’  

i n  S a u d i  A r a b i a n  p r e m e n o p a u s a l  

a n d  p o s t m e n o p a u s a l  w o m e n
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5 . 1 .  I n t r o d u c t i o n

5 . 1 . 1 .  G e n e r a l

A  h ealthy  d iet m u st p r o v id e  su ffic ie n t  energy  and nutrients to  m aintain  

n orm a l p h y s io lo g ic a l fu n ctio n , p erm it g row th  and rep lacem en t o f  b o d y  tissues, and 

o f fe r  p ro te c t io n  against d isea se  (B arasi, 1 9 9 7 ). T h e  m ain  reason s fo r  ob ta in in g  

in fo rm a tio n  a b o u t the f o o d  in take o f  in d iv id u a l, g rou p s o r  p o p u la tio n  are to  assess 

the a d eq u a cy  o f  the d iet; to  stu dy  the relationsh ips b e tw een  d ietary intake and 

d isea se , o r  risk  fa ctors  o r  m arkers a ssoc ia ted  w ith  d isease . N utrient data ob ta in ed  

fr o m  d ietary  assessm ents ca n  b e  b ro k e n  d o w n  in to: total en ergy  intake, total 

m acron u trien t intakes (p ro te in , fa ts ) and total m icronu trien t intakes (ca lc iu m , 

v ita m in  D , p h osp h oru s , p o ta ss iu m , v ita m in  C ). T h e  m a jo r  fa ctors  in flu en c in g  w h at 

is  ea ten  in  d iffe ren t cu ltures are the fo o d s  ava ilab le  in  that particu lar cu lture, 

trad itional p ra ctices  and b e lie fs  an d  an y  re lig iou s  p roscrip tion s . T h e  im p orta n ce  o f  

th ese  f o o d s  to  health  fo rm s  the b a sis  o f  m an y  o f  the p u b lish ed  pyram id  shape fo o d  

g u id es  (F igu re  5 .1 ). T h e  basis  o f  the d ie t  fo r  m o s t  p e o p le  is :

1. A  co re  fo o d , re ferred  to  as the 's ta p le ', a rou nd  w h ich  the m a jor ity  o f  m ea ls  

are con stru cted . T h e y  are g en era lly  cerea ls, o r  roo ts  and  tubers.

2 . S econ d a ry  fo o d s  are th ose  that en h an ce  the m ea l, but are n o t an  essentia l part 

o f  it o n ly  at particu lar l i fe  stages. T h e y  h ave s p e c if ic  p rop erties  o f  their o w n ; 

fo r  ex a m p le  th ey  m a y  p ro m o te  strength (p rote in - r ich  fo o d , su ch  as m eat) o r  

g o o d  health  (fru it and  v e g e ta b le s ).

3 . T h e  th ird  ca teg ory  o f  fo o d s  is  periphera l fo o d s . T h ese  are n on -essen tia l, but 

p leasan t to  eat. E x a m p les  in c lu d e  b iscu its , cak es, c o n fe c t io n e ry , p reserves, 

sau ces , p u d d in g s  and  b ev era g es .
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In  general, a  greater part o f  the d iet c o m e s  fro m  the stap le  in  the p o o re r  

parts o f  the w o r ld , and  the periph era l fo o d s  m ak e  an e x ce s s iv e ly  la rge  con trib u tion  

in  r ich er  cou n tries . T h e  c o r e  and  secon d a ry  fo o d s  in  any n ational o r  cu ltu re d iet m u st 

su p p ly  the essentia l nutrients in  appropria te  am ounts to  sustain  l i fe  and  p rom ote  

health .

Figure 5.1: A  pyramid food guide
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5 . 1 . 2 .  F o o d  g u i d e  p y r a m i d

In  1 9 9 2 , the U S  D epartm en t o f  agricu lture (U S D  A ,  1 9 9 2 ) p u b lish ed  a 

n e w  g u id e  to  f o o d  s e le c t io n  w h ich  is  a  d e v e lo p m e n t o f  the f o o d  g rou p s  that has b een  

d e s ig n e d  to  r e fle c t  the du a l a im s o f  se le ct in g  a  d iet that is n o t  o n ly  adequ ate , bu t a lso  

m e e t  the nutritional g u id e lin es  a im ed  at red u c in g  the risk  o f  ch ro n ic  d isease . T h ese  

f o o d  g rou p s and an  ou tlin e  o f  th eir  essentia l nutrient p ro fi le s  are listed  b e lo w .

• T h e  bread  an d  cerea ls  g rou p  (b read , r ice , pasta, break fast cerea ls  and 

p rod u cts  m a d e  fr o m  flo u r ) at the base  o f  the f o o d  p y ra m id  that sh ou ld  

con tribu te  m o re  serv in g  than an y  oth er s in g le  g rou p  to  the id ea l d ie t 6 -1 1  

serv in gs, d ep en d in g  u p o n  tota l en erg y  intake (in  the ran ge 1 6 0 0 -2 8 0 0  K ca l 

o r  6 .7 -1 1 .8  M J ). T h e  w h o le -g ra in  cerea ls  are g o o d  sou rces  o f  B  v itam in s, 

s o m e  m inera ls  and  fiber . W h ite  f lo u r  still p ro v id e s  rea son a b le  am ou n ts o f  

f ib e r  and  it is  o fte n  fo r t ifie d  w ith  v itam in  and m inerals.

• T h e  fru it and  veg e ta b le  g ro u p s - a  total o f  5 -9  serv in gs  fr o m  these grou p s, 

d ep en d in g  u p o n  en ergy  intake. T h e y  p ro v id e  caroten e , v ita m in  C , fo la te , 

r ib o fla v in , p o ta ss iu m  and fiber .

• T h e  m ilk  g rou p  (m ilk , ch e e se , y og h u rt and other m ilk  p ro d u cts ) these sh ou ld  

con tribu te  fr o m  2 -3  serv in gs. T h e y  p ro v id e  g o o d  am ou n ts o f  en ergy , g o o d -  

qu ality  p ro te in , v ita m in  A , ca lc iu m  and r ib o fla v in .

• T h e  m eat g rou p  (m eat, fish , e g g s , and  a lso  m eat substitutes su ch  as p u lses  

and nuts) these sh ou ld  con trib u te  fr o m  2 -3  serv in gs. T h e y  p r o v id e  p rote in , 

v ita m in  A ,  B  v itam in s and iron .

• T h e  fats, o ils  and sw eets  (sa lad  d ressin gs, cream , butter, m argarine, s o ft  

drinks, sw eets  (ca n d ie s ) and  sw eet desserts). T h ese  fo o d s  p ro v id e  fe w
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nutrients but are h igh  in en ergy , sugars and fats and sh ou ld  b e  used  sparingly  

in the ideal diet.

Figure 5.2: Recent food pyramid guide
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j  In  F igu re  5 .2 , a  triangle  s y m b o l is  d istributed  lig h tly  w ith  in  the cerea l, fru it an d

m ilk  g rou p s to  s h o w  that s o m e  fo o d s  fr o m  these ca teg or ie s  m a y  con ta in  a d d ed  

sugars, e .g . sw eeten ed  break fast cerea ls , fru it ca n n ed  in  syrup , s o m e  fla v o re d  

yogh urts , m ilk  shake and  ic e  crea m . A ls o  in  F igure 5 .2 , a  c ir c le  s y m b o l is  d istributed  

ligh tly  th rou gh ou t the cerea l and  v e g e ta b le  g rou p s to  s h o w  that th ese  m a y  con ta in  

a d d ed  fats and m o re  d en se ly  in  the m ea t and m ilk  g rou p s to  s h o w  that m a n y  o f  the 

fo o d s  in  these g rou p s  con ta in  substantial am ounts o f  naturally  o ccu rr in g  fat. T h e  

fo o d  p y ra m id  thus in d ica tes  a  gen era l d ietary  structure that sh ou ld  ensure nutritional 

a d eq u a cy  and  h e lp s  to  p reven t c h ro n ic  d isea se  (W e b b , 2 0 0 2 ).

5 . 1 . 3 .  T i l t e d - p l a t e  m o d e l

| In  B rita in  a  tilted -p la te  m o d e l is  u sed  F igure 5 .3 . T w o  large  sectors  o f  the

plate are o c c u p ie d  b y  starchy fo o d s  (ce rea ls  and  p o ta toes ) and the fru it and v e g e ta b le  

g rou p , and tw o  m od e ra te -s ize d  se cto rs  b y  the m eat and alternatives g rou p  and the 

m ilk  grou p . T h e  last, sm all s e c t io n  o f  the p late  is o c c u p ie d  b y  fatty  and  sugary 

fo o d s . T h e  general d ietary structure in d ica ted  in  the tilted -p la te  m o d e l is  essen tia lly  

the sam e as that su ggested  b y  the A m e rica n s  p yram id , e x ce p t  that p o ta toes  w ere  

in c lu d ed  w ith  the cerea ls  (rather than w ith  the oth er v e g e ta b les ). T h e  p la te  m o d e l 

con ta in s n o  re co m m e n d e d  n u m b er  o f  p o rtio n s  but d o e s  con ta in  a d v ice  fo r  se le c t io n  

w ith  in  ea ch  grou p .

• C h o o s e  lo w -fa t  o p tio n s  fr o m  the m eat and  m ilk  g rou p  w h ere  p o s s ib le

• E at a  variety  o f  fru its an d  v eg e ta b les

• E at a ll types o f  starchy fo o d s  and  c h o o s e  h ig h  fib e r  varieties  w h ere  p o s s ib le .

>

There is a version of this tilted -plate model that contain recommended
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num bers o f  p ortion s  o f  fo o d . T h ese  portion s  are s im ilar to  th ose  su ggested  on  

the A m erica n s  pyram id  gu id e :

• 5 -1 4  m easures o f  bread  cerea ls  and pota toes

• 5 -9  m easures o f  fruit and v egeta b les

• 2 -3  m easures o f  m eat, fish  and alternatives

• 2 -3  m easures o f  m ilk  and dairy fo o d s

• 0 -4  m easures o f  fatty and sugary fo o d s .

The B a la n ce  e f G ood H e a lth
Frail and ntgataMta Bread, otter cereals end potatoes

Foods containing fat 
Foods containing sugar

Milk and dairy foods

Figure 5.3: The tilted plate model used as the national food guide in Britain
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5.1.4. Diet in Saudi Arabia

T h e  desert en v iron m en t an d  Islam  h a ve  in flu e n ce d  the Saudi diet. It 

con sists  m a in ly  o f  dates tog eth er  w ith  m ilk  fr o m  goats , sh eep  o r  ca m e ls , r ice , m eat 

and  som etim es  w h eat. A r a b ic  c o f f e e  and  tea  are fa v or ite  drinks. A ty p ica l Saudi m ea l 

con s is ts  o f  r ice  w ith  m ild ly  fla v o re d  and  sp ice d  la m b  o r  ch ick en . F o o d  is  

trad ition a lly  eaten  w ith  the fin g ers  w h ile  s ittin g  c ro s s -le g g e d  o n  the flo o r . T h e  m o st  

c o m m o n  m eats are la m b  and  ch ick e n . B e e f  is  rare and p o rk  is  p ro scr ib e d  under 

Is la m ic  la w . T h e  m ain  m eat m ea l o f  the d a y  is  lu n ch . Saudi la w  p roh ib its  the sale o r  

u se  o f  a lc o h o l. O v e r  the last tw o  d e ca d e s  the d ie t  in  Saudi A ra b ia  has ch a n g ed  and 

b e c o m in g  m o re  ‘ W e s te rn iz e d ’ . T h e  d iets  h a v e  b e c o m e  h igh er in  fat, an im al p rod u cts  

and  re fin ed  fo o d s  an d  lo w e r  in  v e g e ta b le s , fru it, fib e r  and th ese  lo w e r  in  essentia l 

m icronu trien t con ten t su ch  as v ita m in s  and  m inerals.

5.1.5. Study aims

T h e  p ro b le m  in  m a n y  M id d le -E a ste rn  cou ntries , in c lu d in g  Saudi A rab ia , 

is  the la ck  o f  any f o o d  c o m p o s it io n  tab les , w h ic h  w o u ld  en ab le  a ccu ra te  estim ates o f  

nutrient intake to  b e  m a d e  w ith  th ese  lim ita tion s. T h e  aim s o f  th is  study w ere  three 

fo ld :

i. T o  determ in e the d ietary  ‘ q u a lity ’ patterns in  S au di A ra b ia n  u sin g  the 

p la te /p yra m id  m o d e l

ii. T o  ca lcu la te  intakes o f  k e y  m acron u trien t and m icron u trien t u sin g  dietary 

co n v e rs io n  fa cto rs  fr o m  the ex is t in g  M id d le  E astern f o o d  c o m p o s it io n  tables 

and  the tota l in take o f  the f iv e  f o o d  g rou p s iden tified  in  ( i )

iii. T o  determ in e the ex ten t o f  nutrient intake ‘ in s u ff ic ie n cy ’ in  Saudi A rab ian  

p rem en op au sa l and p o stm en op a u sa l w o m e n
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5.2.1. Subject information

A s  part o f  ou r  o n -g o in g  b o n e  h ea lth  study in  2 1 2  S au di A ra b ia n  w o m e n . 

A  tota l o f  71 p rem en op a u sa l and  109  p ostm en op a u sa l w o m e n  liv in g  in  the c ity  o f  

Jeddah  w ere  in v o lv e d  in  th is d ietary  su b -stu dy . T h e y  w e re  a g ed  b e tw e e n  2 0 -3 0  

years and  4 5 -6 0  years re sp e c tiv e ly  and  had  n o t  su ffe red  fr o m  an y  k n o w n  c o n d it io n  

and  w e re  n o t  tak in g  any  m e d ica tio n  lik e ly  to  a ffe c t  b o n e  m eta b o lism .

5 . 2 . 2 .  C o l l e c t i o n  o f  d i e t a r y  ‘ q u a l i t y ’  i n f o r m a t i o n

T h e  f o o d  d iaries  c o lle c te d  fo r  th is d ietary study h a v e  b e e n  d e scr ib e d  

(2 .4 .2 .2 ) . In  b r ie f , w o m e n  estim ated  their d ietary  intake o v e r  a  3 -d  p er iod . F u ll 

instructions w ere  p ro v id e d  to  su b jects  and  the re co rd in g  p e r io d  in c lu d e d  a  w e e k e n d  

day. R egu la r  con ta ct w a s  a lso  m a d e  to  en sure co m p lia n ce . T h e  am ou n t o f  f o o d  

co n su m e d  (in  g ram s) fo r  the f iv e  f o o d  g rou p s  w a s  ca lcu la ted  b y  hand  fo r  ea ch  

su b ject: (I ) bread , cerea ls  an d  p o ta to e s ; (II ) fru it and v eg e ta b les ; (III) m eat, fis h  and 

p rote in  a lternatives; ( I V )  m ilk  an d  d a iry  p rod u cts ; (V )  fatty  an d  sugary fo o d s . 

Intakes w ere  co n v erted  to  fre q u e n cy  o f  co n su m p tio n  (t im es p e r  d a y ) b y  d iv id in g  the 

f o o d  grou p s  b y  average  p o r t io n  s izes . T h e  average  p ortion  s izes  w e re  taken  fr o m  the 

F o o d  P ortion  S ize  M a n u a l (M A F F , 2 0 0 1 ) .

5.2 D e s i g n  o f  d i e t a r y  ‘q u a l i t y ’ s t u d y
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5 . 2 . 2 . 1  C a l c u l a t i o n  o f  t h e  a m o u n t  o f  f o o d  c o n s u m e d  u s i n g  

t h e  f i v e  f o o d  g r o u p  c o n c e p t

F o r  ea ch  s u b je c t  (1 0 9  p ostm en op a u sa l; 71 p rem en op a u sa l), the 3 days 

f o o d  d iary  w a s  e x a m in e d  in  deta il, b y  hand. C a lcu la tion s  w ere  m a d e  o n  the am ou n t 

o f  f o o d  co n su m e d , fo r  e a ch  o f  the days re cord ed . T h e  ca lcu la tion  w a s  u ndertaken  fo r  

e a ch  o f  the f iv e  g rou p s  listed  in  se c t io n  5 .2 .2 . T h e  data w a s  th en  transferred  in to  the 

Stats p a ck a g e , S P S S . T h e  tota l am ou n ts ( in  g ra m s) w ere  re co rd e d  an d  th en  d iv id e d  

b y  3 to  g iv e  an estim a tion  o f  d a ily  am ou n ts.

S u b je ct  co m p le te d  an  estim ated  3 days f o o d  dairy. T h u s, in  ord er  to  b e  

a b le  to  ca lcu la te  tota l a m ou n ts, the standard p o rtio n  s ize  b o o k  w a s  u sed  (M A F F , 

2 0 0 1 ) . It w a s  n o t p o s s ib le  to  u se  a  standard p o r t io n  s iz e  p u b lica t io n  fr o m  the M id d le  

E ast s in ce  th is d o e s  n o t  ex ist . H e n ce , U K  v a lu es  w ere  used .

5 . 2 . 2 . 2  C a l c u l a t i o n  o f  t h e  n u m b e r  o f  p o r t i o n s  c o n s u m e d  

u s i n g  t h e  f i v e  f o o d  g r o u p  c o n c e p t

F or  ea ch  o f  the f iv e  f o o d  g rou p s, an  average  p ortion  s iz e  w a s  ca lcu la ted . 

T h e  p o r t io n  s ize  w a s  tak en  fr o m  tw o  sou rces : ( i )  th ose  p ro v id e d  b y  su b jects  in  the 

f o o d  d iaries ; ( i i )  th ose  p u b lish e d  in  the standard p o rtio n  s ize  b o o k . T h e  fo o d s  and 

p o r t io n  s izes  su bsequ en tly  u se d  are sh o w n  in  T a b le  5 .1 .

F o r  G ro u p  1 (B read  and  ce rea ls ), p o r t io n  s izes  w e re  u sed  fo r  ce rea ls , breads, r ice , 

p asta  and p ota toes.

F o r  G rou p  2  (V e g e ta b le  and  fru it), p o rt io n  s izes  w ere  u sed  fru it (m e lo n , oran ge , 

ban ana  and dates) and  v e g e ta b le  (S a la d , m ix e d  v eg eta b les , ok ra  and  tom a toes ).
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F o r  G ro u p  3 (M ilk  and  da iry ) p o r t io n  s izes  w e re  u sed  fo r  m ilk , hard  ch e e se , s o ft  

ch e e se , y ogh u rt [p la in ], y og h u rt [fru it], ice -c re a m  and cream .

F o r  g rou p  4  (M ea t, fis h  and  a lternatives) p o r t io n  s izes  w e re  u sed  fo r  red  m eat, w h ite  

m eat, w h ite fish , tuna, e g g s , b ea n s , nuts, seed s  and legu m es.

F o r  G ro u p  5 (Fats and su gars) p o r t io n  s izes  w e re  u sed  fo r  butter, m argarine , o ils , 

ca k es , b iscu its , sw eets , p u d d in g s  an d  ch o co la te s .

T h e  tota l a m ou n t (g ra m ) o f  f o o d  co n s u m e d  p er  d ay  fo r  ea ch  su b je ct  as ca lcu la ted  as 

deta iled  in  (S e c t io n  5 .2 .2 .1 ) .
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T a b le  5 .1 : C a lc u la t io n  o f  th e  n u m b e r  o f  p o r t io n s  c o n s u m e d  u s in g  th e  f iv e  f o o d
g r o u p  c o n c e p t

G r o u p
1

G r o u p  2 G r o u p  3 G r o u p  4 G r o u p  5 G r o u p  6

B r e a d s
F r u its  & M il k  & M e a t

F a ts  8c
B e v e r a g e s&

C e re a ls
V e g e t a b le s D a ir y

^ P r o d u c t s
S u g a r

C ereal Fruit: M ilk R e d  m eat B utter T ea
30 M e lo n 2 0 0 90 10 190
B read 150 H ard W h ite  m eat M argarin e C o f fe e
3 6 O ran ge ch e e se 1 0 0 1 0 190
R ic e 1 2 0 4 0 W h ite  fish C a k es C o la
1 0 0 B ananas S o ft 1 0 0 6 0 3 4 7
Pasta 1 0 0 ch e e se T u n a B iscu its O thers
1 0 0 D ates 3 0 9 2 2 0 (F ruit
P otato 50 Y o g h u rt E g g s S w eets drinks)
1 0 0 V e g e ta b le s :

Salad
2 0 0

M ix e d
V eg eta b les
9 0
O kra
25
T om a to
85

(p la in )
125
Y o g h u rt
(fru it)
125
Ice cre a m
75
C rea m
3 0

6 0
B eans
6 0
N uts +  
S eed s 2 0  
L eg u m es  
60

4 5
O ils
25
P u d d in gs
1 1 0

C h o co la te s
56

160

A v e r a g e 3 6 6 / 5 = 8 2 0 / 8 = 5 8 2 / 8 = 6 2 5 / 7 = 3 8 0 / 8 = 8 7 8 / 4 =
P o r t io n
u se

7 3 .2 5 1 0 2 .5 7 2 . 7 8 9 .3 4 7 .5 2 2 1 .7 5
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5 . 3 . 1  I d e n t i f i c a t i o n  o f  n u t r i e n t  v a l u e s  f r o m  M i d d l e  E a s t e r n  

f o o d  c o m p o s i t i o n  t a b l e

U s in g  the o n ly  e x is t in g  F o o d  C o m p o s it io n  T a b le  f o r  the M id d le  E ast 

(P e lle t  and  S h adarev ian , 1 9 7 0 ), the nutrient va lu es fo r  en ergy , p rote in , fat, fib re , 

ca lc iu m , p h osp h oru s , iron , v itam in  C , v ita m in  D  and p otassiu m  w e re  ch o se n  fo r  the 

f iv e  f o o d  g rou p s  id en tified  in  (S e c t io n  5 .1 .2 .) . T h e  f o o d  co m p o s it io n  tab le  w a s  v e ry  

lim ited . H e n ce , the n u m b er  o f  fo o d s , w h ich  co u ld  b e  u sed , w a s restricted . T a b le  5 .2  

sh o w s  the nutrient v a lu es  p e r  lOOg fo r  e a ch  o f  the f iv e  f o o d  g rou p s.

5 . 3 . 2  C a l c u l a t i o n  o f  n u t r i e n t  v a l u e s  u s i n g  t h e  f i v e  f o o d  

g r o u p  c o n c e p t

T h e  nutrient va lu es  id en tified  in  se ction  5.3 .1  (T a b le  5 .2 )  w ere  tabulated 

in to  the statistics p a ck a g e , S P S S . T h e  v a lu es  fo r  energy, p ro te in , fat, fib e r , ca lc iu m , 

p h osp h oru s , iron , v ita m in  C , v ita m in  D  an d  potassiu m  are p resen ted  p er  lOOg. 

U s in g  the ca lcu la tion s  undertaken  in  S e c t io n  5 .2 , the total am ou n t o f  f o o d  co n su m e d  

fo r  ea ch  o f  the f iv e  f o o d  g rou p s, p er  d ay , w a s  d iv id e d  b y  lOOg to  en a b le  appropriate  

ca lcu la tion  o f  nutrients p e r  f o o d  g rou p . H e n ce  the en ergy , p ro te in , fat, fib e r , 

ca lc iu m , p h osp h oru s , iron , v ita m in  C , v itam in  D  and pota ssiu m  fo r  each  o f  the f iv e  

f o o d  g rou p s w ere  ca lcu la ted . T h ese  w e re  then  added  togeth er to  p ro v id e  total 

va lu es , fo r  ea ch  su b je ct, fo r  ea ch  nutrient p e r  day.

5.3 D e s i g n  o f  d i e t a r y  ‘q u a n t i t y 5 s t u d y
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T a b le  5 .2 : N u tr ie n t  v a lu e s  u s e d  f o r  e a c h  o f  th e  f iv e  f o o d  g r o u p s  as id e n t i f ie d  
1 9 7 0  M id d le  E a s te r n  F o o d  c o m p o s it io n  ta b le

Food groups

M a c r o  and 
m icron u trien ts G r o u p  1 G r o u p  2 G r o u p  3 G r o u p  4 G r o u p  5

E n erg y 174.75 71.15 204.0 351.44 692.50
P rote in 3.98 1.27 13.93 19.52 3.18
F at 0.75 0.30 14.73 24.04 68.43
F ib e r 0.65 0.90 0.00 1.50 0.20
C a lciu m 10.50 25.84 27.55 119.78 11.00
P h osp h oru s 47.00 29.46 269.50 320.11 56.83
Iro n 0.50 0.92 0.43 4.9 0.78
V itam in  C 4.0 18.1 0.5 0.5 0.0
V itam in  D 0.0 0.0 0.15 0.96 1.55
P otassium 154.5 234.50 152.50 504.11 36.50

5 . 3 . 3 .  S t a t i s t i c a l  a n a l y s i s

Intakes in  gram s p er  d a y  w e re  ca lcu la ted  and data are p resen ted  as m ean , 

S D  and  range fo r  the p ostm en op a u sa l and  prem en op au sa l g rou p s. C om p a rison s  w ere  

m a d e  b e tw e e n  the nutrient intakes v a lu es  a ch ie v e d  in  th is dataset com p a red  w ith  

re co m m e n d e d  va lu es .



5.4.1. Amount of food consumed (grams/day) using the five food 

group concept

R esu lts  o f  the ca lcu la tio n  fo r  the fo o d s  co n su m e d  (g ra m /d ) f o r  ea ch  o f  the 

f iv e  g rou p s  are s h o w n  in  T a b le  5 .3  fo r  p o stm en op a u sa l w o m e n  an d  T a b le  5 .4  fo r  

p rem en op au sa l w o m e n . Intakes o f  the B rea d  and  C erea ls  g rou p s  w e re  l o w  in  b o th  

p ostm en op a u sa l and  p rem en op a u sa l w o m e n . S im ila rly  fru it and  v e g e ta b le  w ere  a lso  

lo w  fo r  b o th  g rou p s. In takes o f  G rou p  3 an d  4  w e re  s im ilar to  th o se  re co m m e n d e d  

bu t h igh er fo r  g rou p 5 . A s  sh o w n  in  the F igu re  5 .4  and 5 .5  d eta iled  the d iffe re n ce s  

b e tw e e n  p ostm en op a u sa l and  p rem en op a u sa l w o m e n .

5.4.2. Number of portions consumed (time/day) using the five food 

group concept

R esu lts  fo r  the ca lcu la tio n  o f  the n u m b er  o f  p ortion s  co n s u m e d  p er  day 

fo r  ea ch  o f  th e  f iv e  f o o d  g rou p s  are a lso  sh o w n  in  T a b les  5 .3  and 5 .4  fo r  

p ostm en op a u sa l and  p rem en op a u sa l w o m e n  resp ectiv e ly . B o th  g ro u p s  o f  w o m e n  are 

b e lo w  the re co m m e n d a b le  fo r  bread , p o ta to e s , cerea ls  (g ro u p  1 )  and  fru it and  

veg e ta b le  (g rou p 2 )  an d  a b o v e  the re co m m e n d a b le  fo r  fats and  sugar (g ro u p 5 ). 

T h ese  results are sh o w n  gra p h ica lly  in  F igu re  5 .6  and  5 .7

5.4. Results: D i e t a r y  f o o d  ‘q u a l i t y ’ s t u d y
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T a b le  5 .3 : A m o u n t  o f  f o o d  c o n s u m e d  (g r a m  /  d a y )  a n d  th e  n u m b e r  o f  p o r t io n s  
( t im e /d a y )  f o r  p o s tm e n o p a u s a l  w o m e n  u s in g  th e  f iv e  f o o d  g r o u p  c o n c e p t .

(n = 1 0 9 )

Postmenopausal Women

A m o u n t  o f  f o o d  
c o n s u m e d

N u m b e r  o f  p o r t io n s

F o o d
G r o u p

M e a n
S D

R a n g e
M e a n

S D
R a n g e

R e c o m m e n d e d
P o r t io n s

B r e a d s  a n d  
c e re a ls

2 0 7 .7
8 1 .6

5 0 .0 -4 8 0 .0
2 .8

1 .1
0 . 7 - 6 .6 6 - 1 1

F r u its  a n d  
v e g e ta b le s

2 5 0 .9
1 38 .4

1 6 .6 -8 7 0 .0
2 .4
1.3

0 . 2 - 8 . 5 5 - 9

M i lk  a n d  
d a ir y  f o o d s

186 .3
107 .9

0 .0 0 -5 0 2 .3
2 .1

1 .2
0 . 0 - 5 . 6 2 - 3

M e a t  a n d  
a lte rn a t iv e s

1 5 2 .4
5 9 .4

0 .0 0 -3 0 0 .0
2 .1

0.81
0 . 0 - 4 . 1 2 - 3

F a t  a n d  
s u g a r y  
f o o d s

7 3 .2 7
4 2 .0

0 .0 0 -2 3 6 .0
1.5

0 .8 8
0 . 0 - 5 . 0 S parin g ly
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T a b le  5 .4 : A m o u n t  o f  f o o d  c o n s u m e d  (g r a m  /  d a y )  a n d  th e  n u m b e r  o f  p o r t io n s  
( t im e /d a y )  f o r  p r e m e n o p a u s a l  w o m e n  u s in g  th e  f iv e  f o o d  g r o u p  c o n c e p t  (n = 7 1 )

Premenopausal Women

A m o u n t  o f  f o o d  
c o n s u m e d

N u m b e r  o f  P o r t io n s

F o o d
G r o u p

M e a n
SD R a n g e

M e a n
SD R a n g e

R e c o m m e n d e d
P o r t io n s

B r e a d s  a n d  
ce re a ls 2 3 4 .6

8 5 .2
7 0 .7 -4 5 2 .0

3 .2
1 .2

0 . 9 7 - 6 . 2 6 - 1 1

F r u its  a n d  
v e g e ta b le s 188 .8

130 .5
1 3 .3 -6 4 1 .7

1 .8

1.3
0 . 1 3 - 6 . 3 5 - 9

M i l k  a n d  
d a ir y  f o o d s

182.1
106.1 5 . 7 - 4 9 1 . 7

2 .0

1 .2
0 . 0 6 - 5 . 5 2 - 3

M e a t  a n d  
a lte rn a t iv e s

135 .0
5 7 .4 0 . 0 - 3 0 6 . 7

1 .8

0 .8
0 . 0 0 - 4 . 2 2 - 3

F a t  a n d  
s u g a r y  
f o o d s

8 2 .9
4 7 .8

1 4 .7 -2 1 1 .7
1.7
1 .0

0 . 3 1 - 4 . 5 S parin g ly



□ Premenopausal Women
□ Postmenopausal Women

*

B read  G ro u p F ru it& V eg
G ro u p

M ilk  G ro u p  M ea t G ro u p F a t& S u g a r
G ro u p

F ig u r e  5 .4 : T h e d iffe re n ce  in am ou n t o f  f o o d  co n su m e d  in gram s fo r  the fiv e  fo o d  
g rou p s be tw een  postm en op au sa l and p rem en opau sa l w o m e n
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□  P r e m e n o p a u s a l  W o m e n
□  P o s t m e n o p a u s a l  W o m e n

4

3.5 

3

2.5 

2

1.5 

1

0.5 

0

B rea d  G r o u p  F ru it& V e g  M ilk  G r o u p  M e a t G r o u p  F a tt& S u g a r  
G r o u p  G r o u p

F ig u r e  5 .5 : T he d iffe re n ce  in n u m ber o f  p ortion  con su m ed  tim es /d a y  fo r  the fiv e  
f o o d  g rou p s b etw een  p ostm en op a u sa l and prem en opausa l w o m e n



I

□  B r e a d & o th e r  ce rea ls

□  F r u it&  v e g e ta b le s

□  M ilk & d a ir y  fo o d s  

9  M e a t& a lte rn a t iv e s

□  F a tty & s u g a r y  fo o d s

F ig u r e  5 .6 : T h e A U S /U K  re co m m e n d e d  fo o d  gu ide

>

□  B r e a d & c e r e a ls

□  F r u i t & v e g e t a b le s

□  M i l k & d a i r y  f o o d s  

■  M e a t & a lt e r n a t iv e s

□  F a t t y & s u g a r y  f o o d s

Figure 5.7: The Saudi Arabian diet
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5.5.1. Macro and micronutrient intakes in Saudi Arabian 

postmenopausal women

T h e  nutrient in takes o f  en ergy , p ro te in , fat, fib re , ca lc iu m , p h osp h oru s , 

iron , v ita m in  C , v ita m in  D  and p o ta ss iu m  fo r  S au di A ra b ia n  p os tm e n o p a u sa l w o m e n  

are s h o w n  in  T a b le  5 .5 . R esu lts  in d ica te  that in takes o f  en ergy , fib re  and  p ota ss iu m  

in  p ostm en op a u sa l w o m e n  w e re  lo w e r  than  th ose  r e co m m e n d e d  in  W estern  

p o p u la tio n  but intakes o f  p h osp h oru s  are som ew h a t h igher. C a lc iu m , v ita m in  C  and 

iro n  w e re  arou nd  re co m m e n d e d  lev e ls . T h ere  is  n o  d ietary re co m m e n d a tio n  fo r  

v ita m in  D  in  the a ge  g rou p s  o f  w o m e n  th ey  w e re  studying in  the U K  as sun ligh t 

e x p o su re  is  b e lie v e d  to  b e  s u ffic e . H o w e v e r  in  the U S A , the re co m m e n d a tio n  fo r  

v ita m in  D  in  p ostm en op a u sa l w o m e n  is  lO p g /d . F o r  p ostm en op a u sa l w o m e n  

p ercen ta ge  o f  w o m e n  o f  underreportin g  w a s  3 8 %  (E l: B M R  < 1 .2  n = 4 3 ).

5.5.2. Macro and micronutrient intakes in Saudi Arabian 

premenopausal women

T h e  nutrient intakes o f  en ergy , p ro te in , fat, fib e r , ca lc iu m , p h osp h oru s , 

iron , v ita m in  C , v ita m in  D  and  p ota ss iu m  fo r  S au di A ra b ia n  p rem en op a u sa l w o m e n  

are sh o w n  in  T a b le  5 .6 . R esu lts  in d ica te  that intakes o f  C a lc iu m , v ita m in  C  and  iron  

are arou nd  re co m m e n d e d  le v e ls . E nergy , f ib e r  and p ota ss iu m  in  p rem en op a u sa l 

w o m e n  are lo w e r  than th ose  re co m m e n d e d  in  w estern  p o p u la tio n  but intakes o f  

p h osp h oru s  are som ew h a t h igh er. T h ere  is n o  d ie ta iy  re co m m e n d a tio n  fo r  v ita m in  D  

in  the age  g rou p s o f  w o m e n  th ey  w e re  stu dy in g  in  the U K  as su n ligh t e x p o su re  is

5.5. Results: D i e t a r y  f o o d  ‘q u a n t i t y 5 s t u d y
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b e lie v e d  su ffice s . H o w e v e r  in  the U S A , th e  re co m m e n d a tio n  fo r  v itam in  D  in  

p rem en op a u sa l w o m e n  is  5 p g /d . and  fo r  p rem en op a u sa l w o m e n  u nderreportin g  w a s  

3 4 .3 %  (E l: B M R  < 1 .2  n = 2 4 ). U n d errep ortin g  w a s  fo u n d  to  b e  in  o n e  th ird  o f  ou r 

w o m e n .

T a b le  5 .5  N u tr ie n t  in ta k e s  o f  m a c r o  a n d  m ic r o n u t r ie n t  f o r  
p o s tm e n o p a u s a l  w o m e n  (n = 1 0 9 )

Postmenopausal Women

M a c r o  a n d  m ic r o n u tr ie n t  in ta k e s R e c o m m e n d a t io n s

D ieta ry  v a r ia b le M e a n  S D R a n g e U S A E U
U K

E A R /R N I

E n e r g y  (M J /d )  
E n e r g y  (K c a l /d )  
E l :  B M R

8 .2  ±  2 .3  
1964  ± 5 5 2  
1 .36  ± 0 .4 1

3 . 2 - 1 3 . 7  
7 6 8  - 3 2 7 8 .0  
0 .5 2  -  2 .41

2 2 0 0

8 .0 0

1 90 0

P r o te in  (g /d )
6 9  ± 2 1 2 6 .7  -  122 50 4 6 .5

F a t  (g /d )
1 1 6 .4  ± 4 0 .3 2 8 . 5 - 2 3 0 73 63

F ib r e  (g /d )
5 .9  ± 1 .7 2 .2 - 1 0 .8 1 2 18

C a lc iu m  (m g /d )
7 9 1 + 3 1 8 .3 2 0 1 .3  -  1745 1 2 0 0 7 0 0 7 0 0

P h o s p h o r u s
(m g /d )

1203 ± 3 8 2 .1 4 7 3  -  2 2 2 2 7 0 0 8 0 0 5 5 0

I r o n  (m g /d ) 12.1 ± 3 .5 3 . 4 7 - 2 0 . 6 8 14 8 .7

V it a m in  C  
(m g /d )

5 5 .5  ± 2 5 .4 6 . 4 - 1 6 5 . 2 60 45 4 0

V ita m in  D  

(P g /d )
2 .9  ± 0 .9 8 0 . 3 2 - 5 . 6 5 1 0 0 - 1 0

P o ta s s iu m
(m g /d )

1 9 8 8 + 5 3 7 .9 9 5 0 .5  -  3 4 2 4 .2 2 0 0 0 3 1 0 0 3 5 0 0



T a b le  5 .6  N u tr ie n t  in ta k e s  o f  m a c r o  a n d  m ic r o n u tr ie n t  f o r  
p r e m e n o p a u s a l  w o m e n  (n = 7 1 )

Premenopausal Women

M a c r o  a n d  m ic r o n u t r ie n t  in ta k e s R e c o m m e n d a t io n s

D ietary  va r ia b le M e a n  S D R a n g e U S A E U
U K

E A R /R N I

E n e r g y  (M J /d )  
E n e r g y  (K c a l /d )  
E I : B M R

8 .2  ± 2 .3 3  
1968  ± 5 5 8  

1 .45  ± 0 .4 5

3 .5  - 1 4 . 9  
8 4 9 .8 - 3 5 6 9  

0 .6 2 -2 .8 6
2 2 0 0

8 .1 0

194 0

P r o te in  (g /d )
6 6 .2 + 2 0 3 1 . 5 - 1 1 7 . 2 50 45

F a t ( g /d )
1 1 8 .5 + 4 2 .2 4 4 . 3 - 2 5 3 73 63

F ib r e  (g /d )
5 .2  ± 1 .6 1 . 9 - 9 . 5 6 12 18

C a lc iu m  (m g /d )
7 4 7  +  3 0 3 .9 2 1 1 .3 -1 5 5 5 1 .3 1 0 0 0 7 0 0 7 0 0

P h o s p h o r u s
(m g /d )

1 1 3 9 + 3 6 1 .3 5 1 6 .9 - 2 0 2 5 .9 7 0 0 5 5 0 5 5 0

I r o n  (m g /d ) 1 1 + 3 .3 2 . 9 - 1 9 . 4 18 14 14.8

V ita m in C
(m g /d )

45  ± 2 3 .4 1 4 .7 - 1 2 3 .4 6 0 45 4 0

V ita m in  D  

(P g /d )
2 .8  ±  0 .9 0 . 7 - 5 . 7 5 0 - 1 0

P o ta s s iu m
(m g /d )

1 7 9 9 .7 + 3 8 6 .3 7 9 9 .4 - 3 2 0 8 .4 2 0 0 0 3 1 0 0 3 5 0 0
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5 . 6  D i s c u s s i o n

T h e  data sh o w e d  that the am ou n t o f  f o o d  co n s u m e d  (g ra m /d ) b y  

p ostm en op a u sa l w o m e n  co m p a re d  w ith  p rem en opau sa l w o m e n  in  the f iv e  g rou p s , 

that the p ostm en op a u sa l w o m e n  h a v e  had  vegeta b les  and fru its (g ro u p  2 )  m u ch  

h igh er than the p rem en op au sa l w o m e n  w h ic h  in d icates  that th ey  d o  care  to  h a v e  a  

s ig n ifica n t nutrients fo r  their hea lth  fr o m  the v egeta b les  and fru its, w h ereas  the oth er 

g rou p s  (1 , 3 , 4  and 5 )  d o e s  n o t s h o w e d  a  s ign ifica n t d iffe re n ce s . In  c o m p a r iso n  o f  

n u m b er o f  p ortion s  fo r  b o th  g rou p  o f  w o m e n  w ith  a  r e co m m e n d e d  p o rtio n , the 

resu lts rev ea led  that the n u m b er  o f  p ortion s  fo r  f o o d  g rou p  1 and  2  fo r  

p ostm en op a u sa l w o m e n  and  p rem en op a u sa l w o m e n  are m u ch  lo w e r  than the 

re co m m e n d e d  p ortion , w h ile  g rou p  3 and  4  are qu ite  s im ilar to  th e  r e co m m e n d e d  

p o rtio n s . In  con trast, in  f o o d  g rou p  5 is m u ch  h igh er than the re co m m e n d e d  

p ortion s .

A lth o u g h , the m a jo r  fa cto rs  in flu en c in g  the f o o d  in takes in  ev ery  cu lture 

are d iffe ren t fr o m  o n e  cu lture to  another and it dep en d s to  the traditional p ra ctices  

and  re lig io n s  p roscr ip tion s , the f o o d  co n su m p tio n  fo r  f o o d  g rou p  3 and 4  are qu ite  

s im ilar fo r  b o th  M id d le  E astern  and W estern  cou n tries  as w e ll  as fo r  

p ostm en op a u sa l and p rem en op a u sa l w o m e n . S urprisingly , a lth ou gh  the n u m b er  o f  

p ortion s  h ad  b e e n  ca lcu la ted  in  th is study fo r  f o o d  intakes o f  g rou p  3 (m ilk  and da iry  

f o o d )  fo r  p ostm en op a u sa l and  p rem en op a u sa l w o m e n  are in  the ran ge o f  the 

in ternational re co m m e n d e d  p ortion .

T h e  analysis o f  quantity  stu d y  fo r  the m a cro  and m icron u trien t intakes o f  

en ergy , fat, f ib e r , ca lc iu m , p h osp h oru s , iron , v itam in  C , v ita m in  D  and  p ota ss iu m  fo r  

p ostm en op a u sa l and prem en op a u sa l w o m e n  sh ow ed  n o  s ig n ifica n t varia tion  

b e tw een  th em  w h ich  is  sim ilar to  the qu a lity  study, there is  n o  any d ietary g u id e lin es
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f o r  M id d le  E astern  cou n tries  ca n  w e  re fe r  ou r  results to  the r e co m m e n d e d  d ietary 

a llo w a n ce s  fo r  m a cro  and  m ic ro  nutrients. A  co m p a r iso n  o f  o u r  fin d in g  results fo r  

en erg y  w ith  the U K  E stim ated  A v e r a g e  R equ irem en ts (E A R s )  and  A m erica n s  

D ie ta ry  G u id e lin es , r e co m m e n d e d  dietary  a llo w a n ce  (R D A )  w a s  fo u n d  that Saudi 

p ostm en op a u sa l and  p rem en op a u sa l w o m e n  average  en ergy  a llo w a n ce  is  a bou t the 

sam e as the a vera ge  en erg y  a llo w a n ce  fo r  U K  and less  than the average  en ergy  

a llo w a n ce  o f  A m e r ica n  w o m e n . T h e  a vera ge  en ergy  a llo w a n ce  fo r  A m e r ica n  w o m e n  

at a g e  o f  2 5 -5 0  years is  2 2 0 0  k ca l/d a y , w h ic h  is qu ite c lo s e  to  the average  ages o f  

Saudi p ostm en op a u sa l and  p rem en op a u sa l w o m e n . T h e  d iffe re n ce  o f  en ergy  

a llo w a n ce  b e tw e e n  tw o  w o m e n  so c ie ty , A m e r ica n  and Saudi c o u ld  w e  revered  to  the 

in d iv id u a l va ria tion  in  b o d y  s ize  and  p h y s ica l a ctiv ities  as w e ll as to  the d if fe re n ce  

o f  d ietary  intakes.

T h e  U K  R e fe re n ce  N u trien t Intake (R N I) and U S A  re co m m e n d e d  dietary 

a llo w a n ce s  fo r  p ro te in  o f  a ge  u p  to  5 0  years is  4 6 .5 -4 5  and 5 0  g /d  resp ectiv e ly , 

(B a k er  and  B en ev en a g a , 2 0 0 5 )  w h ereas ou r  fin d in g  is  6 9 .4  ± 1 2 .0  g /d  fo r  

p ostm en op a u sa l w o m e n  and  6 6 .2  ±  2 0  f o r  prem en opau sa l w o m e n  w h ich  is m u ch  

h igh er in  b o th  w o m e n  grou p s than the R N I  and the R D A  w h ic h  in d ica ted  that the 

S au di fem a les  c o n su m e d  p rote in  m o re  than adequate am ounts. T h e  h igh er am ou n t o f  

p ro te in  in takes b y  S audi fem a les  c o u ld  b e  ch aracterized  as trad itional d ish  and g o o d  

f o o d  in takes e sp e c ia lly  i f  it is  an e x ce lle n t  in  b o th  quality  and  quantity . T h e  h igh er 

p ercen ta g e  o f  p ro te in  intakes in  S audi p o p u la tio n  is  an im al p ro te in s  (m eat, m ilk  and 

e g g s ).

T h e  1995  D ietary  G u id e lin e  fo r  A m e rica n s  re co m m e n d s  that the intake o f  

tota l fat sh ou ld  b e  n o  m o re  than 3 0  p ercen t o f  total ca lor ies , the resu lts in  th is study 

s h o w e d  that p o stm en op a u sa l and  p rem en op a u sa l w o m e n  h a v e  m u ch  h igh er fa t

196



in takes 1 1 6 .4  ±  4 0 .3  and  118 .5  ±  4 2 .2  g ram  resp ectiv e ly , than  U K  and U S A  

re co m m e n d e d  va lu es  f o r  fa t in takes w h ic h  is  63  and  73 gram  resp ectiv e ly . T h is  m ay  

re fer  to  the nature o f  f o o d  co n su m e d  in  S au di A ra b ia . A c c o r d in g  to  the tota l ca lories  

th e  intakes o f  fa t fo r  p ostm en op a u sa l and  p rem en op a u sa l w o m e n  sh ou ld  b e  6 5 .4 6  

and  6 5 .6  gram  re sp e ctiv e ly . T h is  h ig h  e x c e s s  o f  fa t intakes b y  S audi w o m e n  is  a  

g ro w in g  p ro b le m  o f  o v e rw e ig h t  an d  ob es ity .

T h e  D ietary  R e fe re n ce  V a lu e s  (D R V s )  and the R e c o m m e n d e d  D ietary  

A llo w a n c e  (R D A )  fo r  f ib e r  in take is  estim ated  1 3 -1 8  and 12 g ra m /d a y  resp ectiv e ly , 

w h ereas m an y  health  org a n iza tion s  r e co m m e n d  2 0 -3 5  g ram /day. T h e  fib e r  in takes in  

p ostm en op a u sa l and  p rem en op a u sa l w o m e n  w e re  a p p rox im a te ly  5 .9  ± 1 .7  and 5 .2  

± 1 .6  g ra m /d a y  re sp e ctiv e ly , w h ic h  is  o b v io u s  m u ch  less  than the w estern  current 

va lu es . C on su m p tion  o f  d iets h ig h  in  fib e r  m a y  preven t a  variety  o f  con d ition s  

in c lu d in g  ob es ity , d iabetes , co ro n a ry  artery d isea se  and  c o lo n  ca n ce r  (C S E D R I, 

19 9 7 ).

T h e  am ou n ts o f  ca lc iu m  intake in  S audi w o m e n  d iets in  b o th  grou ps 

p ostm en op a u sa l an d  p rem en op a u sa l are qu ite  s im ilar  in  the range o f  791 ± 3 1 8 .3  and 

7 4 7  ± 3 0 3 .9  m g /d a y  resp ectiv e ly . T h is  v a lu e  is  the sam e as the U K  R e fe re n ce  

N utrien t Intake (R N I) fo r  w o m e n  at a ge  1 9 -5 0  and > 5 0  years (7 0 0  m g /d )  w hereas 

m u ch  lo w e r  than the R e c o m m e n d e d  adequ ate  in take (A l )  o f  1 2 0 0  m g /d  fo r  w o m e n  

at age  5 1 -7 0  years and 100 0  m g /d  fo r  w o m e n  at a ge  19 -30years. A c c o r d in g  to  data 

(C N P P .1 9 9 6 ) 7 3 %  o f  ca lc iu m  is  fr o m  m ilk , 9 %  is  fr o m  fruits and v eg e ta b les , 5 %  is 

fr o m  grain  p rod u cts  and  the rem ain in g  1 2 %  is  fr o m  all oth er sou rces . Inadequate 

intake o f  ca lc iu m  is  o n e  o f  severa l im portan t ca u ses  o f  re d u ce d  b o n e  m ass and 

o s te o p o ro s is  (N IH , 1 9 9 4 ).
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P h osp h oru s  (P ) as an  essentia l m inera l that is  fo u n d  in  a ll c e lls  w ith in  the 

b o d y . A b o u t  8 5 %  o f  th e  p h o sp h o ru s  is  fo u n d  in  b o n e s  as a  ca lc iu m  salt and  1 4 %  in  

the m u sc le s . T h e  in takes a m ou n t o f  th is m in era l b y  ou r  p ostm en op a u sa l w o m e n  

(1 2 0 3 + 3 8 2 . lm g /d )  is a  little  h ig h er  than th e  p rem en op au sa l w o m e n  (1 1 3 9 + 3 6 1 .3  

m g /d )  an d  b o th  g rou p s  are m u c h  h ig h er  than the w estern  re co m m e n d e d  v a lu es  (R N I, 

5 5 0  m g /d ; R D A , 7 0 0  m g /d ) . T h e  re la tive  con tr ib u tion s  o f  f o o d  g rou p s  to  p h osp h oru s  

in take are: 6 0 %  fr o m  m ilk , m eat, p ou ltry , fis h  and  e g g s ; 2 0 %  fr o m  cerea ls  and  

le g u m e s ; 1 0 %  fr o m  fru its an d  fru it ju ic e s ; 3 %  fro m  so ft  drinks and o th er  b ev era g es  

(A lle n  and W o o d , 1 9 9 4 ). D ieta ry  P  intake h a v e  r isen  1 0 %  to  1 5 %  o v e r  the past 2 0  

years b eca u se  o f  the in crea sed  u se  o f  p h osp h ate  salts in  f o o d  a d d itiv es  and c o la  

b ev era g es  (I lich  and  K erstetter, 2 0 0 0 ) . A n  e x c e s s  am ou n t o f  d ietary  p h osp h oru s  

a b so rb e d  is rea d ily  e x cre ted  in  the urine.

Iron  d ietary  in takes o f  o u r  p ostm en op a u sa l and  p rem en op a u sa l w o m e n  

are a lm ost s im ilar 1 2 .1 ± 3 .5  and  1 1 ± 3 .3  m g /d a y  resp ectiv e ly . T h e  w estern  

re co m m e n d e d  va lu es , R e fe re n ce  N utrien t Intake (R N I) and  R e c o m m e n d e d  D ietary  

A llo w a n c e  (R D A )  fo r  w o m e n  at a g e  5 0 +  years w a s 8 .7  and 8 .0  m g /d a y  re sp e ctiv e ly  

and  at a ge  1 9 -5 0  years w a s  14.8  and 18 m g /d a y  resp ectiv e ly  (W h itn e y , 2 0 0 2 ). In  

co m p a r iso n s , ou r  p ostm en op a u sa l w o m e n  iro n  intake are h igh er than the (R N I) and  

the (R D A )  iron  v a lu es  fo r  w o m e n  at a g e  5 0 +  years, but the p rem en op a u sa l w o m e n  

iron  intake va lu e  w a s  lo w e r  than b o th  the (R N I) and (R D A )  iron  v a lu es  fo r  w o m e n  

at a ge  1 9 -5 0  years. T h e  m a jo r  con trib u tors  o f  iron  are M eats , f ish  and  p ou ltry  oth er 

p ro te in  r ich  fo o d s  su ch  as leg u m es  and  e g g s  are a lso  g o o d  sou rces . M ilk  g rou p  is 

p o o r  sou rce  o f  iron .

V ita m in  C  in takes in  p ostm en op a u sa l and prem en op a u sa l w o m e n  in  this 

study are 5 5 .5 + 2 5 .4  an d  4 5 + 2 3 .4  m g /d a y  re sp e ctiv e ly  w h ich  are in  b e tw e e n  the

198



R e c o m m e n d e d  D ietary  A llo w a n c e  fo r  adults 6 0 m d /d a y  and the R e fe re n ce  N u trien t 

Intakes 4 0  m g /d a y  fo r  w o m e n  at a g e  1 9 -5 0  and > 5 0  years. In  o th er w estern  cou n tries  

it m a y  ran ge fr o m  3 0 -7 5  m g /d a y  (C N P P .1 9 9 6 ). R e ce n t k in etic  an a lyses su ggest that 

in takes o f  1 5 0 -2 0 0  m g /d a y , b u t b e lo w  4 0 0 m g /d a y , ob ta in ed  fr o m  th e  d iet, m a y  

b e n e fit  h ea lth y  in d iv id u a ls  (W e b e r  et al., 1 9 9 5 ). T h e  b est f o o d  sou rces  o f  v ita m in  C  

are citrus fru its, b erries , m e lo n s , tom a toes , p o ta toes , g reen  p ep p ers  and  le a fy  green  

v eg e ta b les .

V ita m in  D  is  im portan t v ita m in  fo r  the b o d y . T h e  m a jo r  fu n ctio n s  o f  

v ita m in  D  are to  in crea se  the e f f ic ie n c y  o f  in testinal ca lc iu m  a b sorp tion  and to  

m o b i l iz e  ca lc iu m  stores fr o m  b o n e  in  ord er  to  m ainta in  the seru m  ca lc iu m  and  

p h osp h oru s  con cen tra tion  w ith  in  the n orm a l p h y s io lo g ic a l ran ge. T h e  d ietary 

in takes o f  v itam in  D  fo r  b o th  S audi p ostm en op a u sa l and  p rem en op a u sa l w o m e n  

grou p s  are qu ite  s im ilar in  the ran ge o f  2 .8  ±  0 .9  and  2 .9  ±  0 .9 8  p g /d a y  (1 1 2  and  116  

IU ) re sp ectiv e ly . T h ere  is  n o  d ietary  re co m m e n d a tio n  fo r  v ita m in  D  in  the U K  as 

su n ligh t ex p osu re  is  b e lie v e d  s u ffice s . T h e  Institute o f  M e d ic in e  ( IO M ) fo r  the 

N a tion a l A c a d e m y  o f  S c ie n ce  issu ed  a  report in  1997  re co m m e n d  an  A d eq u a te  

Intake (A I )  rather than  R e c o m m e n d e d  D ietary  A llo w a n c e  fo r  v ita m in  D . It b e e n  

re c o g n iz e d  that v ita m in  D  in s u ffic ie n c y  and  d e fic ie n c y  are p reva len t in  adults o v e r  

the age  o f  50  years and  set th e  A d eq u a te  Intake (A I )  fo r  adults 5 1 -7 0  years as 

lO p g /d a y  (4 0 0 IU ) and  fo r  a ges  0 -5 0  years as 5 p g /d a y  (2 0 0 IU ) (H o lic , 1 9 9 4 ). 

A c c o r d in g  to  th ose  va lu es , th e  d a ily  intakes o f  v itam in  D  b y  S au di p ostm en op a u sa l 

and p rem en op a u sa l w o m e n  are v e ry  l o w  w h ich  ex p la in  the p reva len t o f  o s te o p e n ia  

and o s te o p o ro s is  a m o n g  th ese  g rou p s. G o o d  f o o d  sou rces  are m ilk  p ro p e r ly  fo r t ifie d  

w ith  v itam in  D , fatty  fish , c o d  liv e r  o il , s o m e  bread  and  so m e  cerea ls  and  s o m e  e g g  

y o lk s .
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P otassiu m  intakes b y  p ostm en op a u sa l and  p rem en op a u sa l w o m e n  are 

1 9 8 8 ± 5 3 7 .9  and 1 7 9 9 .7 ± 3 8 6 .3  m g /d a y  resp ectiv e ly . T h e  U K  D ieta ry  R e fe re n ce  

va lu es  fo r  w o m e n  at age  1 9 -5 0  an d  > 5 0  years is  3 5 0 0  m g /d a y . T h e  U S A  E stim ated  

M in im u m  R equ irem en t fo r  adu lts is  2 0 0 0 m g /d a y  but the usual d ietary  intake o f  

p o ta ss iu m  fo r  adults is  a b ou t 4 0 0 0 m g /d a y . A  co m p a r iso n  o f  p o ta ss iu m  dietary  in take 

o f  o u r  g rou p s  o f  w o m e n  w ith  th e  w estern  v a lu es  s h o w e d  a  qu ite  s im ilarity .

A n a ly s is  o f  th ese  nutrien t data ob ta in ed  fr o m  d ietary  assessm ents, tota l 

en erg y  intakes, total m acron u trien t in takes (P rote in  and fa t) an d  tota l m icronu trien ts 

intakes (C a , P , F e , v itam in  C , D  an d  K )  fo r  b o th  p ostm en op a u sa l an d  prem en op a u sa l 

Sau di w o m e n . T h e  a ccu ra cy  o f  th is  c o m p a r iso n  c o u ld  n ot b e  o f  that m u ch  leg itim ate  

fo r  a  s im p le  reason  that the fin d in g  resu lts in  th is study w a s  co m p a re d  w ith  U S A /U K  

re co m m e n d e d  p ortion s  w h ic h  is  d e fin ite ly  p ro fo u n d ly  d iffe re n ce s  b e tw e e n  the 

M id d le  E astern cou ntries  h abitual f o o d  in takes and  w estern  cou n tries  and  th is 

u n fortunately  du e to  in ex is ten ce  o f  standard p ortion  s iz e  b o o k  fo r  M id d le  E astern  

cou ntries. T h e  lim ita tion  o f  th e  co m p a r is o n  resu lts ca n  b e  s igh t a lso  fr o m  the s id e  o f  

the f o o d  co m p o s it io n  tab le  b o o k  a v a ila b le  fo r  M id d le  E astern  w h ic h  is  the o n ly  and 

v e ry  o ld  o n e  (P e lle t  and  Shadarevian , 1 9 7 0 ) b e s id e s  v e ry  lim ite d  o f  n u m ber o f  fo o d . 

C a lcu la tion  w as d o n e  b y  hand , w h ic h  in d u ces  error; w o m e n  m a y  n o t  h a v e  re co rd e d  

accu ra te ly  and under rep ortin g  in  e x is te n ce . B u t th is is  the first t im e  w e  are a b le  to  

s h o w  w h at the Saudi A ra b ia n  d ie t lo o k s  lik e  and  w ith  a ll the g iv e n  lim ita tion s 

exp ressed  a b o v e , this data is first in  the cou n try  o f  S audi A ra b ia .

T h ere  are so m e  lim ita tion  a ssoc ia ted  w ith  dietary  assessm ents w h ic h  is:

1- F o r  estim ated  dietary  re co rd s  p roced u res  there is  u n derestim ation  o f  the 

qu an tifica tion  o f  am ou n ts o f  f o o d  (e .g . M ix e d  d ish es ), w h ic h  con ta in  m an y  

ingredients.
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2 -  Q u a n tifica tion  o f  p o r t io n  s izes , th e  ab ility  o f  a  p e rso n  to  estim ate p ortion  

s izes  w ill  b e  p o o r  w ith  ou t the a id  o f  m easu rin g  d e v ice s .

3 - A  ten d en cy  o f  to  se le c t  fo o d s  that are m o re  s o c ia lly  a ccep ta b le  o r  co n s id e re d  

to  b e  healthier.

4 -  F o r  ease  o f  re co rd in g , su b je cts  m a y  c h o o s e  s im p le  fo o d s  that are easy  to  

record .

5 - In  a ccu ra cie s  in  the c o d in g  o f  f o o d  intake data are a  m a jo r  sou rce  o f  error in  

nutrient ca lcu la tion  that is  a ssoc ia ted  w ith  m anual c o d in g .

6 -  E rrors re la ted  to  se le c t in g  in co rre ct  m atches fo r  item s listed  o n  re cord s  are 

d if ficu lt  to  con tro l.



C H A P T E R  6  

I n f l u e n c e  o f  f o o d  c o n s u m p t i o n  a n d  

n u t r i e n t  i n t a k e s  o n  i n d i c e s  o f  

b o n e  h e a l t h
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6 . 1 .  I n t r o d u c t i o n

B o n e  is  con sta n tly  u n d e rg o in g  a  m e ta b o lic  p ro ce s s  ca lle d  re m o d e llin g . 

T h is  in c lu d es  a  d egrad ation  p ro ce s s  o r  b o n e  resorp tion , w h ic h  is  m ed ia ted  b y  the 

a ct io n  o f  o s teoc la sts . N e x t  step  is  b o n e  fo rm a tio n  o r  a  b u ild in g  p r o c e s s , w h ic h  is 

m ed ia ted  b y  the a ction  o f  osteob la sts . R e m o d e lin g  is requ ired  f o r  th e  m a in ten a n ce  o f  

b o n e  and is  tigh tly  c o u p le d  w h ere  resorp tion  and  fo rm a tio n  are in  b a la n ce . In  

abn orm al states o f  b o n e  m e ta b o lism  th is p ro ce s s  b e c o m e s  u n co u p le d  w h e n  

resorp tion  e x ce e d s  fo rm a tion , w h ic h  is  resu lts in  a  n et lo s s  o f  b o n e . T h e  an a lysis  and 

m easu rem en t o f  s p e c if ic  d egra d a tion  p ro d u cts  o f  b o n e  m atrix  p r o v id e s  analytica l 

data o f  the rate o f  b o n e  m e ta b o lism  (B a ro n  R .,  1 9 9 6 ). B io c h e m ic a l m arkers o f  b o n e  

tu rn over are su bstances fo u n d  in  b lo o d  and  urin e  that re fle c t  rates o f  b o n e  resorp tion  

o r  b o n e  form a tion . T y p ica lly , th ese  b io c h e m ic a l tests m easu re  p ro te in s  o r  o th er 

p ro d u cts  o f  osteob la sts  that re fle c t  b o n e  fo rm a tio n , su ch  as o s te o c a lc in  o r  b o n e - 

s p e c if ic  a lka lin e  p h osp h atase , o r  c o lla g e n  b re a k d o w n  p ro d u cts  that re fle c t  b o n e  

resorp tion , su ch  as p y r id in o lin e s  o r  D e o x y p y r id in o lin e  (L o o k e r  et al., 2 0 0 0 ).

T h e  m o d ifia b le  d ietary  fa cto rs  are particu larly  im portan t fo r  b o n e  health. 

T h e  ex ten s iv e  data a v a ila b le  o n  ca lc iu m  and v ita m in  D  nutrition  as it relates to  b o n e  

has led  to  su ccess fu l in terven tion s to  p reven t b o n e  lo s s  and  fractures (H ea n ey , 1 9 9 3 ; 

D a w so n -H u g h e s  et al., 1 9 9 0 ; C h a p u y  et al., 1 9 9 4 ). B a sed  la rg e ly  o n  exp erim en ta l 

stu d ies, m ost agree that ca lc iu m  and  v ita m in  D  are im portant nutrients to  b o n e  

hea lth  (D a w so n -H u g h e s  et al., 1 9 9 0 ; D a w so n -H u g h e s , 1 9 9 1 ). A  n u m b er  o f  papers 

h a v e  con trib u ted  o f  the in flu e n ce  o f  o th er  nutrients o n  b o n e , a lth ou gh  e ffe c ts  h a ve  

b e e n  eva lu ated  fo r  p ro te in , m a gn esiu m , p o ta ss iu m , and v ita m in  K  (H ea n ey , 1 9 9 3 ; 

T u ck e r  et al, 1 999 ; S e llm e y e r  et al, 2 0 0 1 ).

203



A n  alternative a p p ro a ch  o f  e x a m in in g  the re la tion sh ip  b e tw e e n  d ie t  and 

b o n e  lo s s  w a s  to  ex a m in e  d iffe re n t f o o d  g rou p s  and  their e ffe c t  o n  in d ice s  o f  b o n e  

health .

A. M ilk  and m ilk  products in ta ke

M ilk  is  a  p re ferred  so u rce  o f  c a lc iu m  co n s id e r in g  its a b sorp tion  and  

b ioa v a ilib ilty . It is  p ro v id e  o v e r  5 0 %  o f  th e  tota l ca lc iu m  in  the d iet (N e w , 2 0 0 1 ). 

M ilk  is  im portant sou rce  o f  a  n u m b er  o f  nutrients in c lu d in g  m inera ls  and fa ctors  

su ch  as m ilk  b a s ic  p ro te in , w h ic h  en h an ces b o n e  strength b y  the stim u la tion  o f  b o n e  

fo rm a tio n  and co lla g e n  syn th esis (T o b a  et al., 2 0 0 0 ). C a lc iu m  intake, o fte n  a ssessed  

as m ilk  intake, has b e e n  re la ted  to  b o n e  m a ss  (W e lto n  et a l., 1 9 9 5 ). C a lc iu m  is  a 

substrate fo r  b o n e  fo rm a tio n  and  it is a lso  an  an tiresorptive  agent. D ietary  ca lc iu m  

at h ig h  lev e ls , u su a lly  1 0 0 0  m g  p e r  day  o r  m o re , ca n  lo w e r  the b o n e -re m o d lin g  rate 

b y  1 0 -2 0 %  in  o ld e r  adu lts (Y e r g e y  et al., 1 9 9 4 ). D ata  fr o m  the E V O S  study su ggest 

that m ilk  con su m p tion  du rin g  g ro w th  and a d u lth ood  is a ssocia ted  w ith  a  red u ced  

r isk  o f  vertebral fractures in  w o m e n  (L u n t et al., 2 0 0 1 ). S o m e  stu d ies h ave  

d istin gu ish ed  b e tw een  the e f fe c t  o f  m ilk  and ca lc iu m  as su p p lem en ts in  

a d o le sce n ce s . G f  these trials that ca lc iu m  w a s  g iv e n  as su pp lem en t (J oh n ston  et al., 

1 9 9 2 ; L lo y d  et al, 1 9 9 3 ; L am bert et al, 2 0 0 0 ). In  oth er trial m ilk  w a s  g iv e n  (C h a n  

et al., 1 9 9 5 ) another study ca lc iu m  d eriv ed  fr o m  m ilk  ex tract w a s  g iv e n  (B o n jo u r  et 

al, 1 9 9 7 ). T h e  results o f  th ese  trials p ro v id e d  e v id e n ce  that ca lc iu m  p o s it iv e ly  

in flu e n ce  b o n e  m in era liza tion  d u rin g  g row th  and  that the m ech a n ism  fo r  its a c t io n  is  

l ik e ly  due to  a  su p p ression  o f  b o n e  rem od e lin g .

O bservation a l stu d ies p ro v id e d  an in d ica tion  that past and  present 

c a lc iu m  intake w a s  a ssoc ia ted  w ith  current B M D  (N ie v e s  et al, 1 9 9 5 ; P arson s et al,

6.1.1. E ffect o f  fo o d  grou ps on  bon e health
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1 9 9 7 ). T h e  a ssoc ia tion  w a s  s tron ger at lo w e r  le v e l o f  ca lc iu m  intake than h ig h er  

intakes (K ard in aa l et al., 1 9 9 9 ). H e a n e y  and  M a tk o v ic  h a v e  p ro p o s e d  a  th resh o ld  fo r  

ca lc iu m  intake du rin g  a d o le s ce n ce . In creasin g  intakes o f  ca lc iu m  u p  to  

a p p rox im a te ly  15 0 0  m g /d a y  has a  p o s it iv e  e f fe c t  o n  the sk e leton , bu t n o  further 

b en e fit  is  o b se rv e d  a b o v e  th is  le v e l  (M a tk o v ic  and H ean ey , 1 9 9 2 ). T h e  fin d in g  in  

the M E D O S  w a s  that i f  m e n  an d  w o m e n  w ith  the lo w e s t  m ilk  co n su m p tio n  had  

started con su m in g  e n o u g h  m ilk , th en  4 %  o f  the h ip  fractures are a v o id e d  (J oh n e ll et 

al., 1 9 9 5 ; K a in s  et al., 1 9 9 9 ). P erm an ent e ffe c t  o f  ca lc iu m  and m ilk  o n  b o n e  

m in era liza tion  has n o t y e t b e e n  re s o lv e d . T h e  f o l l o w  u p  studies c o m p le te d  to  date 

in d ica te  that the b e n e fic ia l e f fe c ts  o f  ca lc iu m  d o  n o t persist b e y o n d  the p e r io d  o f  

su p p lem en ta tion  (S le m e n d a  et al., 1 9 9 7 ; L e e  et al, 1 9 9 7 ; L lo y d  et al., 1 9 9 6 ; G h atge  

et al, 2 0 0 1 ). T h is  reversed  e f fe c t  m a y  n o t  b e  the ca se  fo r  m ilk  and m ilk -b a sed  

su pp lem en ts (B ark er et al, 1 9 9 8 ; B o n jo u r  et al, 1999 ).

B . F ru it and vesetable in takes

O bserva tion a l stu d ies h a v e  dem on strated  a b e n e fic ia l e ffe c t  o f  fru it and 

v eg e ta b le  o n  in d ices  o f  b o n e  h ea lth  in  p rem en op au sa l and  p ostm en op a u sa l w o m e n . 

A b e rd e e n  p ro sp e c tiv e  o s te o p o r o s is  screen in g  study (A P O S S ) has sh o w n  an 

a ssoc ia tion  b e tw een  nutrients fo n d  in  fru it and v egeta b les  (su ch  as p ota ss iu m , 

m a gn esiu m , fib er , and v ita m in  C )  and  b o n e  m ass and m arkers o f  b o n e  resorp tion . 

W o m e n  in  the lo w e s t  quartile  o f  fru it and veg eta b les  intakes had  lo w e r  fe m o ra l 

n eck , lu m b er  sp in e  and fo re a rm  B M D  (N e w  et al, 1 9 9 7 ; N e w  et al, 2 0 0 0 ). A  

lon g itu d in a l study d em on stra ted  that fru it and v eg eta b le  intake m ig h t p ro te ct against 

p rem en op a u sa l b o n e  lo s s , p o s s ib ly  b e ca u se  o f  their b e n e fic ia l e f fe c t  o n  a c id -b a se  

b a la n ce  (M a cd o n a ld  et al, 2 0 0 4 ).
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A  recen t ob serv a tion a l study sh o w s  that h ig h  in takes o f  fru it m a y  b e  

im portant fo r  b o n e  health  in  g ir ls  (M cG a rtla n d  et al, 2 0 0 4 ). In  early  puberta l g irls , 

h ig h  fru it and v eg e ta b le  co n su m p tio n  h a ve  a  b e n e fic ia l e ffe c ts  o n  b o n e s  su ch  as 

radius and  w h o le  b o d y  a lso  it d e crea se  urinary ca lc iu m  e x cre t io n  (T y la v sk y  et al, 

2 0 0 4 ).

C. O ther foo d  groups

L ittle  is k n o w n  co n ce rn in g  the rem ain in g  f o o d  g ro u p s  w ith  resp ect to  

their e f fe c t  o n  b o n e . S tudies ex a m in in g  tea  and c o f f e e  co n su m p tio n  and b o n e  

den sity  su ggest that a p o s it iv e  a sso c ia tio n  b e tw een  tea  d rin k in g  and  b o n e  m a ss  in  

p ostm en op a u sa l w o m e n  w h ich  m a y  b e  du e to  the e ffe c t  o f  f la v o n o id s  fo u n d  in  tea  

o n  b o n e  health  (H egarty  et al, 2 0 0 0 ) , and a  n egative  a sso c ia tio n  o n ly  w ith  h ig h  

ca ffe in e  intake is  a cco m p a n ie d  b y  v e ry  l o w  ca lc iu m  intakes (B a rrett-C on n or  et al, 

1 9 9 4 ). M a n y  o f  f o o d  g rou p s  a ssoc ia ted  w ith  b o n e  lo s s  at th e  fem ora l n e ck  in  

p erim en op au sa l and  early  p ostm en op a u sa l at w o m e n  are fr ie d  fo o d s , ca k es , 

p ro ce s s e d  m eat and p u d d in g  (M a cd o n a ld  et al, 2 0 0 1 ).

6.1.2. Effect of macronutrients and micronutricnts on bone health

C arbohydrates, fat and p ro te in  are ca lle d  m acron u trien ts b e ca u se  th ey  are 

re la tive ly  large m o le cu le s . In  con trast, v itam in s and m inera ls  are m icronu trien ts. 

T h e y  are co n s id e re d  h a v in g  so m e  e f fe c t  o n  in d ice s  o f  b o n e  health .

• P r o te in : D ietary  p ro te in  in take in flu en ces  b o th  b o n e  m a ss  a cq u is ition  and 

b o n e  loss . A  p o s it iv e  a sso c ia tio n  b e tw een  dietary p ro te in  intake and b o n e  

m ass has b e e n  detected  (M ich a e ls s o n  et al, 1 9 9 5 ; C o o p e r  et al, 1 9 9 6 ). 

W h ile  oth er studies, h a v e  n o t  f in d  any  lin k  b e tw een  b o n e  m inera l m ass and
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p rote in  intake (M a z e ss  and B a rden , 1 9 9 1 ; W a n g  et al., 1 9 9 7 ). In  contrast, 

there is study sh o w in g  n ega tive  co rre la tion  b e tw een  b o n e  m a ss  and  d ietary 

p ro te in  intake, in  w h ic h  h igh er  p ro te in  intake w a s  a c co m p a n ie d  w ith  lo w e r  

B M D  (M e tz  et al., 1 9 9 3 ). In creased  prote in  intake has b e e n  a ssoc ia ted  w ith  

an in crease  in  urinary ca lc iu m  ex cre tion . T h u s, h ig h  p ro te in  intake w o u ld  

in d u ce  a  n ega tive  ca lc iu m  b a la n ce , w h ich  is fa v o r  b o n e  lo s s  (H ea n ey  and 

R e ck e r , 1 9 8 2 ).

• F ib e r :  A re  the structural parts o f  p lan ts su ch  as v eg e ta b les , fru its, grains and 

legu m es. M o s t  fib ers  are p o ly sa cch a rid es . F ibers are o fte n  d escr ib ed  as 

n onstarch  p o ly sa cch a rid es . In creased  intake o f  f ib e r  is  a ssoc ia ted  w ith  

d ecrea sed  in  C a  a b sorp tion  (R e id  and  N e w , 1 9 9 7 ). P resen ce  o f  p h y tic  a c id  in  

the grains, leg u m es  and seed s  is  ca p a b le  o f  b in d in g  m inera ls  su ch  as ca lc iu m , 

iron , m a g n es iu m  and  c o p p e r  in  in so lu b le  c o m p le x e s  in  the intestine, w h ich  

the b o d y  ex cre tes  unused .

• V ita m in  C :  is  an essentia l m icronutrien t. It is a  w a ter -so lu b le  v itam in . 

H u m an  are n o t  ab le  to  syn th esise  v ita m in  C . D e f ic ie n c y  o f  v itam in  C  w ill  

resu lt in  scu rv y  d isea se  w h ich  is  appeal" as to o th  lo s s , jo in t  pa in s, p o o r  

w o u n d  h ea lin g  and  b o n e  and  co n n e c t iv e  tissue d isord ers  (B e n z ie , 1 9 9 9 ). 

V ita m in  C  acts as a c o fa c to r  fo r  the h y d rox y la tion  o f  ly sy l to  h y d rox y ly sy l 

resid u es in  co lla g e n . P y rid in o lin e  (P Y D )  and d e o x y p y r id in o lin e  (D P D ) are 

p y r id in iu m  cro ss -lin k s , w h ich  p ro v id e  a  stable m atrix . P Y D  fo rm e d  fro m  

three h y d ro x y ly s in e  residu es and D P D  con s is t  o f  tw o  h y d ro x y ly s in e  and o n e  

ly s in e  residu e. B o n e  co lla g e n  P Y D : D P D  ratio is  a b ou t 3 :1 . A  d e fic ie n c y  o f  

v itam in  C  w i ll  alter th is ratio, resu lting  in  a  d ecrea se  in  the n um ber 

h yd rox y la ted  ly s in e  residu es (M u n d a y , 2 0 0 3 ). E p id e m io lo g ica l studies
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sh o w e d  a  p o s it iv e  re la tion sh ip  b e tw e e n  v itam in  C  in takes and  B M D . In  a  

study o f  N e w  et al, w o m e n  in  the lo w e s t  quartile  o f  v ita m in  C  intakes had 

s ig n ifica n t lo w e r  lu m b a r sp in e  an d  fe m o ra l n e ck  b o n e  m in era l densities 

(N e w  et al, 1 9 9 7 ; H a ll an d  G reen d a le , 1 9 9 8 ). L o w  V ita m in  C  intakes m a y  

a d verse ly  a ffe c t  b o n e  fo rm a tio n  an d  resorp tion  b y  the syn th esis o f  abn orm al 

c o lla g e n  that m a y  d eg ra d e  b e fo r e  m aturation  (M u n d a y , 2 0 0 3 ).

• P h o s p h o r u s  (P ) :  is  a  m a jo r  c o m p o n e n t  o f  b o n e  m inera l as is  ca lc iu m  and 

lo w  intakes c o u ld  lim it adequ ate  b o n e  g row th  and m in era liza tion  (M a tk o v ic  

et al, 2 0 0 3 ). H o w e v e r , it is  rare fo r  d iets to  b e  d e fic ie n t  in  p h osp h orou s . 

D esp ite  c o n ce rn s  that in crea se  in takes o f  p h osp h orou s  w o u ld  b e  h arm fu l to  

b o n e  health  (E aste ll an d  L am bert, 2 0 0 2 ). S tudies sh o w e d  n egative  

a ssoc ia tion s  o f  p h o sp h o ro u s  in take an d  b o n e  s ize  (H o p p e  et al, 2 0 0 0 ).

• P o ta s s iu m  ( K ) :  P ota ssiu m  is  th e  m a jo r  in tracellu lar ca tio n  o f  the b o d y . It is 

essentia l fo r  ce llu la r  in tegrity  an d  th e  m ain tenan ce  o f  f lu id , e le ctro ly te  and 

a c id -b a se  b a la n ce  (B arasi, 1 9 9 7 ). L ife t im e  a c id  lo a d  fr o m  the in gestion  o f  

m ix e d  d iets  lea d s  to  gradual b o n e  lo s s . B o n e  m ineral fu n ction s  as b u ffe r  

base . S tud ies su g g ested  that u s in g  a  d ie t  fa v o r in g  a lka lin e  ash  m ig h t decrease  

the rate o f  b o n e  lo ss . T h is  ty p e  o f  d ie t  em p h a sizes  ea tin g  m o re  fru its, 

veg eta b les , v e g e ta b le  p ro te in  and  m ilk  (T u ck e r  et al, 1 9 9 9 ). P otassiu m  is  

o n e  o f  fe w  nutrients that m a y  h a v e  su ch  b u ffe r in g  e ffe c ts . It is fo u n d  in  all 

w h o le  fo o d s : m eats , m ilk , fru its, v eg e ta b le s , grains and leg u m es . E arly and 

recen tly  stu d ies d em on stra ted  a  p o s it iv e  e ffe c t  o f  p ota ss iu m  intake o n  in d ices  

o f  b o n e  hea lth  (M ich a e ls s o n , 1 9 9 5 ; N e w  et al, 1 9 9 7 ). In crease  pota ssiu m  

intake w a s  s ig n ifica n tly  a sso c ia te d  w ith  increase  B M D  at 3 ites fo r  w o m e n  

(T u ck e r  et al, 1 9 9 9 ). L o w  p o ta ss iu m  intake has b e e n  sh o w n  to  in crease  rates
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o f  ca lc iu m  e x c r e t io n  (L em a n  et al, 1 9 9 3 ). T h e  ora l adm in istration  o f  

p o ta ss iu m  b ica rb on a te  resu lted  in  a  decrease  in  urinary ca lc iu m  and 

p h osp h oru s , re d u ctio n  in  urinary e x cre tio n  o f  h y d ro x y p ro lin e  (b o n e  

resorp tion ) an d  an  in crea sed  e x cre t io n  o f  seru m  o s te o ca lc in  (b o n e  fo rm a tion ) 

(S ebastian  et al, 1 9 9 4 ).

• V ita m in  D :  D ie ta ry  fo r m s  are p r in c ip a lly  c h o le c a lc ife r o l (v ita m in  D 3)  and 

E rg o ca lc ife ro l (v ita m in  D 2) .  V ita m in  D 3 and D 2 c o n s u m e d  in  fo o d s  are 

b io lo g ic a lly  in a ctiv e . V ita m in  D  is  fo u n d  naturally in  a  f e w  fo o d s . M a in ly  in  

fish  and fis h  liv e r  o i l  and  lo w e r  am ou n ts in  e g g s  (y o lk )  and  m eat p rod u cts  

(O v e s e n  et al., 2 0 0 3 ) . F o o d s  su ch  as m argarine and m ilk  are fo r t if ie d  w ith  

v ita m in  D . In  its a ctiv e  fo rm , v ita m in  D  p lays an  im portan t r o le  in  

m ain ta in in g  ca lc iu m  h om eosta s is . It acts  o n  b o n e  c e lls  to  m o b i l iz e  ca lc iu m  

fr o m  stores and  o n  in testinal c e lls  to  in crea se  a b sorp tion  o f  c a lc iu m  fr o m  d iet 

(E aste ll and  L am bert, 2 0 0 2 ).

• I r o n  (F e ) :  T h e  b est sou rces  o f  iro n  ar e  red  m eats particu larly  liv e r  and other 

m eat organ s. Iron  m a y  p la y  a ro le  in  b o n e  fo rm a tion  a ctin g  as a  c o fa c to r  fo r  

en zy m es  in v o lv in g  in  c o lla g e n  synthesis. It is  requ ired  fo r  the h y d ro x y la tio n  

o f  b o th  p ro lin e  an d  ly s in e  in  p r o to co lla g e n . Iron  o v e r lo a d  m a y  b e  detrim ental 

to  b o n e  health . Iron  d e fic ie n c y  m a y  p la y  a  ro le  in  b o n e  fra g ility  (W a lsh  et 

al, 2 0 0 3 ).

6.1.3. Acid-base homeostasis and the skeleton

A c id  b a se  h o m e o sta s is  is  im portan t to  health. T h e  b o d y  n orm a lly  

p ro d u ce s  5 0 -1 0 0 m E q  o f  n o n -ca rb o n ic  p ro to n s  b y  m e ta b o liz in g  the in g ested  f o o d  

(R o s e , 1 9 7 7 ). E xtrace llu lar  flu id  P H  m ust b e  b e tw e e n  7 .3 5  and  7 .4 5 . E a ch  m in or

209



d ecrea se  o f  the p H  stim ulates b o n e  resorp tion  and  inh ib its tu bu lar rea b sorp tion  o f  

c a lc iu m , w h ile  ea ch  in crease  o f  the p H  has the o p p o s ite  e ffe c t . T h u s, it is  v ita l fo r  

o u r  m e ta b o lic  system  to  ensure that H*- con cen tra tion s  are m a in ta in ed  b e tw e e n  0 .0 3 5  

an d  0 .0 4 5  m E q/1 (G re e n  &  K leem a n , 1 9 9 1 ). T h e  b o d y  adaptive  resp on se  to  th is 

particu larly  n a rrow  lim its  in v o lv e s  three m ech a n ism s: b u ffe r  system s, ex h a la tion  o f  

C O 2 and  the renal system . H u m a n  su b jects  eat o n  a  d a ily  b a sis  su bstan ce  that 

c o n s u m e  and generate H+. T h e  m o re  the d iet con ta in s  a c id  p recu rsors , the greater the 

sy stem ic  a c id ity  (K u rtz  et al, 1 9 8 3 ).

T h e  sk e le ton  has b e e n  co n s id e re d  as a sou rce  o f  a lkali b u ffe r  to  p reserve  

the b o d y  p H  and  to  d e fe n se  the system  against a c id -b a se  d isord ers , s in ce  8 0 %  o f  

b o d y  carbon ate , 8 0 %  o f  b o d y  citrate, and 3 5 %  o f  b o d y  so d iu m  are con ta in ed  in  

so lu tio n  in  the h ydration  sh e ll o f  b o n e  (B a rze l, 1 9 9 5 ).

6.1.4. Net Endogenous Acid Production (NEAP)

T h e  best w a y  to  q u a n tify  the lin k  b e tw e e n  a c id -b a se  b a la n ce  and  skeleta l 

h ea lth  is  to  estim ate the con ten t o f  a c id -b a se  o f  the d iet co n su m e d . H u m an s eat 

su bstan ces o f  the d iet that gen erate  and  co n su m e  p ro ton s  and as a  net resu lt; th is d ie t  

w i l l  b e  co n s id e re d  as lo w  o r  h ig h  grade m e ta b o lic  a c id o s is . T h e  severity  o f  th is 

m e ta b o lic  a c id o s is  is estim ated  in  part b y  the net rate o f  e n d o g e n o u s  n o n ca rb o n ic  

a c id  p ro d u ctio n  (N E A P ), w h ic h  varies w ith  d iet con ten ts  (K u rtz  et al, 1 9 8 3 ). 

P ro te in -to -p o ta ss iu m  ratio p red icts  n et a c id  ex cre tio n , w h ich , in  turn, p red icts  

ca lc iu m  e x cre tion . N E A P  w a s  estim ated  b y  e x a m in in g  the ratio o f  p ro te in  to  

p o ta ss iu m  intake n o rm a lize d  to  a  d ie t o f  8 .2  M J  (1 9 6 4  k ca l) . T h e  c o n c e p t  o f  N E A P  

is  b a se d  o n  the a c id ify in g  e f fe c t  o f  p ro te in , m a in ly  th rou gh  su lfate  e x cre tio n , and the
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a lk a liz in g  e ffe c t  o f  p o ta ss iu m  that resu lts fr o m  th e  d ietary  in take o f  p o ta ss iu m  as 

salts o f  w e a k  o rg a n ic  a c id  (F rassetto  et al., 1 9 9 8 ).

{R e n a l net a c id  e x cre tio n  =  5 4 .5  x  (p ro te in  intake /  p o ta ss iu m  in take) -  1 0 .2 }

6.1.5. Study aim

1) T o  determ in e i f  a  l o w  co n su m p tio n  o f  m ilk , da iry  p ro d u cts  (F o o d  G ro u p 3 ); 

fru it and veg eta b les  (F o o d  G ro u p 2 ) o r  a  h ig h  co n su m p tio n  o f  p ro te in  f o o d  

( f o o d  g rou p  4 )  result in  a  lo w e r  b o n e  m ass and h ig h  b o n e  tu rn over.

2 )  T o  determ in e i f  there are a n y  a sso c ia tio n  b e tw een  m a cro  and  m icronu trien ts 

and in d ices  o f  b o n e  h ea lth  in  p ostm en op a u sa l and  p rem en op a u sa l Saudi 

w o m e n .

6 . 2  S t u d y  d e s i g n

6.2.1. Subject selection

F o r  th is d ietary in take T o ta l 109  p ostm en op a u sa l and o f  71 prem en op au sa l 

w o m e n  liv in g  in  the c ity  o f  Jeddah  w e re  studied . T h e y  w ere  a g e d  4 5 -6 0  years and 

2 0 -3 0  years resp ectiv e ly  and  h ad  n o t  su ffe red  fr o m  any k n o w n  co n d it io n  and  w e re  

n o t tak in g  any m ed ica tion  lik e ly  to  a ffe c t  b o n e  m eta b o lism . M easu rem en ts w e re  

m a d e  o n  w e ig h t and h e igh t as w e l l  as sp in e , h ip  and ca lca n ea l b o n e  m ass.

6.2.2. Collection of dietary information

6.2.2.I. Milk and dairy intake information

A ll  su b jects  w e re  in te rv iew ed  th rou gh  a  f o o d  fre q u e n cy  qu estion n a ire  

co n ce rn in g  their habitual m ilk  and  da iry  in take as d e scr ib e d  in  (s e c t io n  2 .4 .2 . 1).

In  b r ie f, w o m e n  w ere  ask ed  h o w  m a n y  g lasses  o f  m ilk  th ey  drunk  du rin g  the d a y  

in c lu d in g  m ilk  u sed  in  tea  o r  c o f f e e ,  c h o co la te , cerea ls , sw ee t drin ks etc . and
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w h at k in d  o f  m ilk  d o  th ey  u sed  (fu ll fat, sem i sk im m ed  and  sk im m ed  m ilk ). 

T h e y  a lso  b een  asked  i f  the m ilk  th ey  are u sin g  u su a lly  fresh , lo n g  li fe  o r  d ried  

and  the freq u en cy  o f  co n su m p tio n  (n u m b er  o f  tim es  p er  day  and n u m b er o f  days 

p e r  w e e k ) . Intake o f  m ilk  p rod u cts  h o w  m a n y  tim es a day  /  w e e k  d o  y o u  eat the 

fo l lo w in g  m ilk  p rod u cts  (y og u rt, crea m , ic e -c re a m  (a ll ld n d s), hard ch e e se , so ft  

ch e e se  and m ilk  ba sed  p u d d in g , e .g . C ustard.

6.2.2.2. Dietary ‘quality’ intake information

D ietary  intakes h a v e  b e e n  c o lle c te d  fr o m  fo o d  d iaries as b e e n  

d e scr ib e d  in  (S e c t io n  2 .4 .2 .2 ) . In  b r ie f , w o m e n  estim ated  th e ir  d ietary  intake 

o v e r  a 3 -d  p er iod . T h e y  w e re  a sk ed  to  re co rd  all type o f  f o o d  /  drin k  and the 

am ou n t o f  f o o d  /  drink  actu a lly  eaten . T h e  re co rd in g  p e r io d  in c lu d e d  a  w ee k e n d  

day. T h e  am ou n t o f  f o o d  in takes w a s  ca lcu la ted  b y  hand fo r  e a ch  w o m a n  as 

gram  co n su m e d  fo r  the f iv e  f o o d  g rou p s . F req u en cy  o f  con su m p tio n  (t im es  p er  

d a y ) w e re  ca lcu la ted  as d e scr ib e d  in  se c t io n  (S e c t io n  5 .2 .2 )

6.2.3. Bone metabolism measurements

In  the assessm ent o f  b o n e  tu rn over, laboratory  tests are u sed . T h e  b a s ic  

in d ices  o f  b o n e  m eta b o lism  are the serum  ca lc iu m , p h osp h a te  and  a lka lin e  

ph osphatase  con cen tra tion s . F o r  assess in g  b o n e  resorp tion  there are urinary 

h y d ro x y p ro lin e  and  urinary p y r id in o lin e  and  d e o x y p y r id in o lin e  cross -lin k s  o f  

co lla g e n . F o r  assessin g  the rate o f  b o n e  form a tion , c ircu la tin g  le v e l o f  serum  b o n e  

alka lin e ph osphatase  and seru m  o s te o c a lc in  ca n  b e  e m p lo y e d . U rinary  fastin g  

co lla g e n  cro ss -lin k s  ca n  b e  e f fe c t iv e ly  m easu red  b y  E L IS A  im m u n oassay .
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6.23.1. Blood and urine sample collection 

F a s t in g  b l o o d  s a m p le

B lo o d  sa m p le  w e re  c o lle c te d  fo l lo w in g  a 1 2 -h ou r  ov ern ig h t fast in  

ev a cu a ted  tu b es  w ith  n o  a d d itives . S eru m  w a s  c o lle c te d  b y  a llo w in g  the b lo o d  

sa m p le  to  c lo t  at r o o m  tem perature and  cen trifu ged  at 3 0 0 0  X  g  f o r  10 m in  and  

s tored  at - 8 5  °C . A n a ly tica l m e th o d s  fo r  the m easurem ent o f  m arkers o f  b o n e  

fo rm a tio n  as B o n e  s p e c if ic  a lk a lin e  ph osp h atase  (B A S P ) and  O s te o ca lc in  (O C )  is  

d e scr ib e d  in  (S e c t io n  2 .5 .1 ) .

S M V  u r in e  s a m p le

U rin e  sa m p le  w e re  c o lle c te d  fo l lo w in g  an ov ern igh t fast b e fo r e  1 1 .00  

A M . It w a s  th e  s e c o n d  m orn in g  v o id  (S M V ) .  U rine then  cen tr ifu g ed  at 5 0 0 0  X  

g .m in  fo r  10 m in . and  stored  at - 8 5 ° C .  A n a ly tica l m eth od s  fo r  the m easu rem en t o f  

m arkers o f  b o n e  resorp tion  as p y rid in iu m  cross lin k s  (p y r id in o lin e  (P Y D )  and  d e o -  

o x y p y r id in o lin e  (D P D ) is  d e scr ib e d  in  (S e c t io n  2 .5 .2 ).

6.2.4. Analytical methods for assessment of bone formation

B o n e  s p e c if ic  a lk a lin e  p h osphatase  (B S A P ) im m u n oa ssa y  is  a 

m icro titer  strip fo rm a t u tiliz in g  a  m o n o c lo n a l anti- B S A P  a n tib od y  co a te d  o n  the 

strip to  capture B S A P  in  th e  sam p le . T h e  e n zy m e  activ ity  o f  the cap tu red  B S A P  is 

d e tected  sp e ctro p h o to m e tr ica lly  w ith  p -n itrop h en y l p h osphate  (p N P P ) substrate 

(P r ice , C P . 1 9 9 3 )(S e c t io n  2 .5 .1 .2 ) . O s te o ca lc in  (O C ) w as an a lyzed  b y  a co m p e tit iv e  

im m u n oa ssa y  to  m easu res intact (d e  n o v o )  o s te o ca lc in  in  serum . It u ses a m o u se  

a n ti-o s te o ca lc in  a n tib od y  (S e c t io n  2 .5 .1 .1 )
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6.2.5. Analytical methods for assessment of bone resorption

Measurement of pyridinium crosslinks: Pyridinoline (PYD) and 

Deoxypyridinoline (DPD) was a competitive immunoassay in a microtiter stripwell 

format utilizing a monoclonal anti-pyridinium crosslinks coated on the strip. The 

PYD and Dpd concentration in the specimen is determined spectrophotometrically 

and calculated from a standard calibration curve. Assay values are corrected for 

urinary dilution by urinary creatinine analysis (Colwel et al., 1993). These methods 

were described in chapter 2: -

• Analysis of Pyridinoline (P YD)(Section 2.5.2.2)

• Analysis of Deoxypyridinoline (DPD) (Section 2.5.2.1)

6.2.6. Statistical analysis

Statistical analysis was performed by using SPSS software (version 12; 

SPSS Inc, Chicago), and descriptive statistics (means, medians, SDs, and ranges) 

were determined for all variables. Results for the effect of milk consumption on 

bone markers presented in three groups are given as mean values and their standard 

deviation. In tables, data is presented as mean values with their standard deviation 

for each group. Pearson's correlations (with adjustment for age, weight, and height) 

were obtained between milk groups, nutrients (macro and micro), fruit vegetable 

group, net endogenous acid production (NEAP), and bone mass (BMD sites, BUA, 

and VOS) and bone metabolism (bone turnover markers PYD, BDP, BSAP and OC 

excretion). All these variables defined into quartiles, and the mean values for BMD, 

BUA and VOS at each site and for bone resorption and formation were calculated.
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Each group of women were divided into three groups according to their 

level of milk consumption: Non-Milk Group (NMG); Low milk group (LMG) (< 1 

pint/d); High milk group (HMG) (>1 pint/d). Bone resorption was assessed by 

ELISA measurement of pyridinium crosslinks (pyridinoline (PYD) and deo- 

xypyridinoline (DPD) using a second morning urine sample. Bone formation was 

assessed by Immunoassay of bone specific alkaline phosphatase (BSAP) and 

osteocalcin (OC) using a fasted blood (serum) sample.

6.2.7. Subject information
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6.3.1. Effect of m ilk consumption on bone health indices and bone 

metabolism in postmenopausal women

Women were divided into three groups according to milk consumption as 

detailed in (Section 6.2.7). Differences in lumber spine and femoral neck BMD 

assessed by DXA were examined. Differences in bone ultrasound and bone turnover 

were also examined. No differences were found in the lumbar spine or femoral neck 

BMD between none, low or high milk consumers. As shown in Table 6.1 there was 

a trend for lower bone ultrasound with low milk consumption and this trend 

demonstrated a linear association (P<0.17)(Fig. 6.1) No significant changes were 

seen in markers of bone formation (BSAP or OC). DPD excretion was significantly 

higher in the non-milk group compared with either the low milk or high milk groups 

indicative of increased bone resorption in the non-milk group. This remained 

significant after adjustment for heights; menopause and weight (P<0.002) see Figure 

6.2.

63.1.1. Verification of milk consumption data

Using the three days food diaries, we checked to verify the milk intake data 

by looking at differences in Ca consumption between the three milk groups. Results 

shown in Table 6.2.

6.3 R e s u l t
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Table 6.1: Milk consumption groups and their response on bone ultrasound
and markers o f bone turnover in postmenopausal women.

Bone ultrasound 
&

Turnover
Markers

NMG 
Mean SD 

(N=29)

LMG 
Mean SD 

(N=79)

HMG 
Mean SD 

(N=4)

BUA(db/MHz) 66.2+14.0 70.3 ±  16.1 81.2+19.7

BUA t-score -1.3 ±0 .8 -1.1+ 0.9 -0.5  ±1 .2

DPD nmol/1 12.0a±  4.7 9.6b±  3.1 9.4b ±2.9

PYD nmol/1 40.8+15.6 36.9+12.2 39.4+17.3

BSAPu/1 21.5 +  8.1 20.0 + 7.4 24.6+ 8.7

OC ng/ml 9.5 ±  3.7 10.1+3.6 8.9 ±1.0

Unlike superscripts are significantly different, ANOVA P<0.05

Table 6.2: Differences in calcium intake (as assessed by 3 day food diaries) 
between the three milk groups (assessed by questioners) in postmenopausal

women

NMG 
Mean SD 
(N=29)

LMG  
Mean SD 
(N=79)

HMG 
Mean SD 
(N=4)

P value

Calcium intake 
mg/day 651.7+305 827+301.5 1054+446 P<0.001
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Figure 6.1: Effect of milk consumption groups on bone ultrasound BUA (db/MHz) 
in Postmenopausal Women. Mean BUA for (NMG: 66.2), (LMG: 70.3) and (HMG:
81.2). Low milk consumption associated with low bone ultrasound this trend 
demonstrated a liner association p<0.08.
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Figure 6.2: Comparisons between milk consumption groups and different markers 
of bone turnover in postmenopausal women.
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Women were divided into three groups according to milk consumption as 

detailed in (Section 6.2.7). Differences in lumber spine and femoral neck BMD 

assessed by DXA were examined. Differences in bone ultrasound and bone turnover 

were also examined. No differences were found in the lumbar spine or femoral neck 

BMD between none, low or high milk consumers. As shown in Table 6.3 there was 

a trend for lower bone ultrasound with low milk consumption and this trend 

demonstrated a linear association (P<0.10)(Fig. 6.3). No significant changes were 

seen in bone formation markers (BSAP or OC). PYD + DPD excretion was 

significantly higher in the non-milk and low-milk groups compared with high milk 

group indicating of increased bone resorption in the non- milk group. This remained 

significant after adjustment for height, menopause and weight (P<0.003) see Figure 

6.4.

6.3.2.I. Verification of milk consumption data

Using the thr ee days food diaries, we checked to verify the milk intake data 

by looking at differences in Ca consumption between the three milk groups. Results 

shown in Table 6.4.

6.3.2. Effect of milk consumption o n  bone health indices a n d  bone

metabolism in premenopausal w o m e n
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Table 6.3: Milk consumption groups and their response on bone ultrasound
and markers o f bone turnover in premenopausal women.

Bone
ultrasound&

Turnover
Markers

NMG 

Mean SD 

(N=20)

LMG 

Mean SD 

(N=70)

HMG  

Mean SD 

(N=4)

BUA(db/MHz) 76.4 + 12.6 78.2+13.4 90.0+17.9

BUA t-score - 0.8 ± 0.7 -0.7 ±0.8 0.03 ± 1.0

DPD nmol/1 10.4a± 4.1 10.6b ±4.4 9.2b ± 5.5

PYD nmol/1 37.8 ± 8.2 39.2 + 8.1 29.8 + 7.1
BSAP U/L 18.9 + 5.8 17.5 + 5.5 17.7 + 5.6
OC ng/ml 13.5 + 5.3 12.5 ± 3.6 11.4 + 3.0
Unlike superscripts are significantly different, ANOVA P<0.05

Table 6.4: Differences on calcium intake (as assessed by 3 days food diaries) 
between the three milk groups (assessed by questioners) in premenopausal

Women

NMG 
Mean SD 
(N=20)

LMG  
Mean SD 
(N=70)

HMG 
Mean SD 
(N=4)

P value

Calcium intake 
mg/day

646.1+219.7 757.5+ 303.6 1395.6 + 67.1 P<0.001
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Figure 6.3: Effect of milk consumption groups on bone ultrasound BUA in 
premenopausal women. Low milk consumption with low bone ultrasound this trend 
demonstrated a liner association (P<0.10)

□  NMG 
■  LMG
□  HMG

DPD PYD BSAP OC

Figure 6.4: Comparisons between milk consumption groups and different markers 
of bone turnover in premenopausal women.
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6.3.3. Influence of nutrient intake on bone health indices and bone 

metabolism in postmenopausal women

The data were examined to see if any association existed between 

nutrients intakes: proteins, fibre, vitamin C, vitamin D, phosphorus, calcium, 

potassium and bone mass/ bone metabolism in postmenopausal women. There was a 

negative trend for phosphorus intake and lumbar spine BMD; a higher phosphorus 

intake was non-significantly associated with low bone mass at the spine (P<0.1). 

There was a negative trend for potassium intake and DPD excretion; a higher 

potassium intake was associated with lower bone resorption (P<0.09). There was a 

negative trend for ferric intake and DPD excretion; a higher iron intake was 

associated with lower bone resorption (P< 0.08).

Vitamin C intake was negatively associated with BSAP. A higher intake 

of vitamin C associated with lower bone turnover (P<0.027). Vitamin D intake was 

negatively associated (non-significantly) with DPD excretion. That is, a higher 

Vitamin D intake resulted in lower bone resoiption (P<0.06). There was a negative 

trend for protein intake and lumber spine BMD; a higher protein intake is associated 

with a lower lumber spine BMD (P<0.13) differences reviewed the same after 

adjustment for age, weight and height.

6.3.4. Influence of nutrient intake on bone health indices and bone 

metabolism in premenopausal women

The data were examined to see if any association existed between 

nutrients intakes: proteins, fibre, vitamin C, vitamin D, phosphorus, calcium, 

potassium and bone mass/ bone metabolism in premenopausal women. There was a 

positive trend for calcium intake and VOS; a higher Ca intake was non-significantly
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associated with higher value of velocity of sound VOS (P<0.12). A negative trend 

was seen between Ca intake and PYD excretion; a higher Ca intake was associated 

with lower bone resorption (P<0.06). There was a positive trend for phosphorus 

intake and velocity of sound VOS; the higher P intake was associated (non- 

significantly) with high bone quality (P<0.18). A negative trend was seen for 

phosphorus and PYD, BSAP excretion; a higher P intake was associated with lower 

bone turnover (P<0.09, P<0.12) respectively.

There was a positive trend for iron intake and FN-BMD, FW-BMD and 

BUA; the higher iron intake was non-significant associated with high bone mass at 

the femoral neck, ward and calcaneal sites (P O .ll, P<0.16, P<0.13) respectively. A 

negative fiend was seen for iron intake with BSAP and OC excretions; a higher iron 

intake was associated (non-significantly) with low bone formation (P<0.1, P<0.19) 

respectively. There was a positive association (non-significant) for potassium intake 

and FN, FW-BMD, BUA and VOS, i.e. a higher K intake resulted in high bone mass 

at the femoral, trochanter and calcaneal sites (P<0.08, P<0.10, P<0.09, P<0.15) 

respectively. Vitamin C intake was positively associated (non significantly) with 

BUA and VOS, i.e. the higher vitamin C intake resulted with a higher bone mass at 

the calcaneal site (P<0.07, P<0.16) respectively. Vitamin D intake was negatively 

associated with BSAP and OC excretion, i.e. the higher vitamin D intake resulted in 

lower bone formation (P<0.01, P<0.02) respectively. A positive association was 

found between vitamin D intake and BUA; a higher intake of vitamin D resulted in 

high bone mass at the calcaneal sit (P<0.01). There was a negative trend for protein 

intake with PYD and BSAP excretions, i.e. a higher protein intake resulted in lower 

bone turnover (PO.IO, P<0.14) respectively.
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6.3.5. Q uartile intakes of macro and micronutrient intake: effect on 

bone density and bone metabolism of postmenopausal women

Intakes of proteins, fibre, iron, vitamin C, vitamin D, phosphorus, 

calcium and potassium were divided into quartiles of intake. The data were 

examined to see if any differences were found in BMD bone ultrasound and bone 

turnover. Protein intake had no effect on bone mass or bone turnover. There was 

negative trend for vitamin C intake and bone turnover, i.e. a higher intake of vitamin 

C was associated non-significantly with lower bone resorption (DPD and PYD) 

excretion and bone formation (BSAP and OC) excretion. As shown in Figures (6.5, 

6.6, 6.7, 6.8) those in the lower quartile of vitamin C intake (1st Qtr) had Non- 

significantly higher PYD, DPD, OC and BSAP excretion. Linearity between 

quartiles was (P<0.15, P<0.10, P<0.02, P<0.07) respectively. Differences reviewed 

the same after adjustment for age, weight and height.
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Vitamin C  Intake

Figure 6.5: Effect o f vitamin C intake by quartile on PYD excretion in
postmenopausal women. Mean PYD values for Q1-Q4 were 39.47, 40.61, 36.77,
and 35.26 nmol/l, respectively.
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Figure 6.6: Effect of vitamin C intake by quartile on DPD excretion in 
postmenopausal women. Mean DPD values for Q1-Q4 were 11.49, 10.02, 9.44, and 
9.92 nmol/1, respectively.
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Figure 6.7: Effect of vitamin C intake by quartile on OC excretion in 
postmenopausal women. Mean OC values for Q1-Q4 were 11.35, 9.54, 9.17, and 
9.61 ng/ml, respectively.
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Vitamin C Intake

Figure 6.8: Effect of vitamin C intake by quartile on BSAP excretion in 
postmenopausal women. Mean BSAP values for Q1-Q4 were 22.82, 21.53, 19.62, 
and 18.54 U/L, respectively.

Potassium intake had no effect on bone mass but there was a negative association 

with bone resorption excretion; higher intake of K were associated with lower PYD 

and DPD excretion. As shown in Figures (6.9, 6.10) those in the lower quartile of 

Potassium intake (1st Qtr) had non-significantly higher PYD and DPD excretion. 

Linearity between quartiles was (P<0.07, P<0.03) respectively. Vitamin D has no 

effect on bone mass and bone formation, but there was a negative trend with bone 

resorption; i.e. a higher vitamin D intake resulted in lower DPD excretion. As shown 

in Figure (6.11, 6.12) lower quartile of vitamin D intake (1st Qtr) had non- 

significantly higher DPD excretion. Linearity between quartiles was (P<0.11).

226



42-$'
41
40-
39
38-

PYD nmol/l 37 
36 
35- 
34
33-
32- r

1st Qtr 2nd Qtr 3rd Qtr 
Potassium Intake

4th Qtr

Figure 6.9: Effect of potassium intake by quartile on PYD excretion in 
postmenopausal women. Mean PYD values for Q1-Q4 were 41.2, 39.2, 35.7, and
35.6 nmol/l, respectively.
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Figure 6.10: Effect o f potassium intake by quartile on DPD excretion in
postmenopausal women. Mean DPD values for Q1-Q4 were 11.6, 9.9, 10.1, and 9.2
nmol/l, respectively.
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Figure 6.11: Effect of vitamin D intake by quartile on PYD excretion in 
postmenopausal women. Mean DPD values for Q1-Q4 were 41.2, 33.0, 41.6, and 
35.99 nmol/1, respectively.
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Figure 6.12: Effect o f vitamin D intake by quartile on DPD excretion in
postmenopausal women. Mean DPD values for Q1-Q4 were 11.4, 8.87, 11.5, and
8.9 nmol/1, respectively.
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6.3.6. Q uartile of macro and m icronutrient intake: effect on bone 

density and bone metabolism of premenopausal women

Intakes of proteins, fibre, iron, vitamin C, vitamin D, phosphorus, 

calcium and potassium were developed into quartiles of intake. The data were 

examined to see if any differences were found in BMD (as assessed by DXA), bone 

ultrasound (as assed by BUA) and bone turnover (as assessed by DPD, PYD, OC, 

BSAP). Protein intake had no effect on bone mass or bone turnover. There was a 

positive trend between calcium intake and VOS. i.e. a higher intake of calcium 

resulted in high VOS. As shown in Figure (6.13) those in the lower quartile of 

calcium intake (1 st Qtr) had the lowest VOS concentration. Linearity between 

quartiles was non- significant (P<0.19). A significant difference among all quartiles 

(P<0.01) was found. There was a negative trend of Ca intake with bone resoiption 

excretion; higher intake of Ca results in lower PYD excretion. As shown in Figure 

(6.14) those in the lower quartile of Calcium intake (1st Qtr) had significantly higher 

PYD excretion. Linearity among all quartiles was significant (P<0.01). Non

significant differences were found between quartiles (P<0.4).

Vitamin C intake was positively associated (non-significant) with BUA; 

higher intake of vitamin C resulted in higher bone mass at the calcaneal site. As 

shown in Figure (6.15) those in the lower quartile of vitamin C intake (1st Qtr) had 

(non-significantly). Lower bone mass at the calcaneal site. Linearity among all 

quartiles was Non-significant (P<0.09). Non-significant difference was found 

between quartiles (P<0.27) differences reviewed the same after adjustment for age, 

weight and height.
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Figure 6.13: Effect of calcium intake by quartile on VOS in premenopausal women. 
Mean VOS values for Q1-Q4 were 1646.41, 1658.88, 1639.500, and 1665.47 m/s, 
respectively.
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Figure 6.14: Effect o f calcium intake by quartile on PYD excretion in
premenopausal women. Mean PYD values for Q1-Q4 were 38.40, 35.97, 35.07, and
32.11 nmol/1, respectively.
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Figure 6.15: Effect of vitamin C intake by quartile on BUA (db/MHz) in 
premenopausal women. Mean BUA values for Q1-Q4 were 75.1, 72.9, 78.8, and
81.4 MbHz, respectively.
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Figure 6.16: Effect o f potassium intake by quartile on BUA(db/MHz) in
premenopausal Women. Mean BUA values for Q1-Q4 were 78.3, 69.3, 76.6, and
82.4 MbHz, respectively.
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Potassium intake was positively associated with BUA; higher intake of K 

resulted in higher bone mass at the calcaneal site. As shown in Figure (6.16) those in 

the lower quartile of K intake (1st Qtr) had (significant) lower bone mass at the 

calcaneal site. Linearity among all quartiles was significant (P<0.02) and significant 

difference was found between quartiles (P<0.02). A negative trend was found with 

phosphorus intake and BSAP excretion; that is, a higher P intake was non- 

significantly associated with lower bone turnover. As shown in Figure (6.17) those 

in the lower quartile of P intake (1st Qtr) had (non-significantly) higher BSAP 

excretion. Linearity among all quartiles was non-significant (P<0.16). Non- 

Significant difference was found between quartiles (P<0.5).
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Figure 6.17: Effect of phosphorus intake by quartile on BSAP excretion in 
premenopausal women. Mean BSAP values for Q1-Q4 were 18.6, 18.3, 17.7, and 
15.8 U/L, respectively.



Vitamin D intake was associated negatively with BSAP and OC 

excretion; that is the higher vitamin D intake resulted in lower bone formation. As 

shown in Figure (6.18, 6.19) those in the lower quartile of vitamin D intake (1st Qtr) 

had higher BSAP and OC excretion. Linearity among all quartiles was significant 

(P<0.05, P<0.06) respectively. Non-significant difference was found between 

quartiles (P<0.10, P<0.16) respectively. A positive association was found between 

vitamin D intake and BUA; a higher intake of vitamin D resulted in higher bone 

mass at the calcaneal sit. As shown in Figure (6.20) those in the lower quartile of 

vitamin D intake (1st Qtr) had (non-significantly) lower bone mass at the calcaneal 

site. Linearity among all quartiles was Non-significant (P<0.07). Non-significant 

difference was found between quartiles (P<0.3).

Vitamin D Intake

Figure 6.18: Effect o f Vitamin D intake by quartile on BSAP excretion in
premenopausal women. Mean BSAP values for Q1-Q4 were 20.1, 16.8, 18.4, and
15.5 U/L, respectively.
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Figure 6.19: Effect of Vitamin D intake by quartile on OC excretion in 
premenopausal women. Mean OC values for Q1-Q4 were 13.8, 13.7, 13.6, and 10.9 
ng/ml, respectively.
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Figure 6.20: Effect o f Vitamin D intake by quartile on BUA(db/MHz) in
premenopausal women. Mean BUA values for Q1-Q4 were 73.1, 73.9, 79.1, and
80.1 MbHz, respectively.
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6.3.7. Q uartile of Fru it and vegetable intake: effect on bone density 

and bone metabolism of postmenopausal women

When we examined the data for postmenopausal women, there was 

evidence of an association between fruit and vegetable intake and bone formation 

markers. A significant negative association with BSAP and negative trend (non

significant) with OC (P<0.02, P< 0.2) respectively; higher fruit and vegetable 

intakes were associated with BSAP and OC excretions. Data were divided into 

quartiles of intake. As shown in Figure (6.21, 6.22) those in the lower quartile of 

fruit and vegetable intake (1st Qtr) had higher BSAP and OC excretion. Linearity 

among all quartiles of BSAP was significant (P<0.04) and for OC non-significant 

(P<0.09). Non-Significant difference was found between BSAP and OC quartiles 

(P<0.2, P<0.2) respectively.
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Figure 6.21: Impact o f fruit and vegetable intake by quartile on BSAP excretion in
postmenopausal women: Mean BSAP values for Q1-Q4 were 22.1, 22.0, 19.7, and
18.5 U/L, respectively.
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Figure 6.22: Impact of fruit and vegetable intake by quartile on OC excretion in 
postmenopausal women: Mean OC values for Q1-Q4 were 11.1, 9.7, 9.2, and 9.5 
U/L, respectively.

6.3.8. Q uartile of Fru it and vegetable intake: effect on bone density 

and bone metabolism of premenopausal women

Data for premenopausal women had been examined for an evidence of an 

association between fruit and vegetable intakes and BMD, BUA and bone turnover. 

There was a positive association between fruit and vegetable intakes and bone mass 

at the calcaneal site. Higher fruit and vegetable intakes resulted in higher the BUA. 

Data were developed into quartiles of intakes. As shown in Figure (6.23) those in the 

lower quartile of fruit and vegetable intake (1st Qtr) had lower BUA. Linearity 

among all quartiles of BUA was significant (P<0.02). Significant difference was 

found between quartiles (P<0.01) differences reviewed the same after adjustment for 

age, weight and height.

236



90
80
70
60
50BUA db/MHz
40
30
20
10
0

Figure 6.23: Impact of fruit and vegetable intake by quartile on BUA (db/MHz) in 
premenopausal women: Mean BUA values for Q1-Q4 were 76.2, 68.9, 79.5, and
83.7 MbHz, respectively.

6.3.9. Net endogenous acid production NEAP: effect on bone density 

and bone metabolism of postmenopausal women

Data were examined for any association existed between NEAP and bone 

mass/ bone metabolism in postmenopausal women. There was a negative (non 

significant) trend for NEAP and lumbar spine BMD (P<0.153). Positive trend were 

found between NEAP and bone turnover. There was (non-significant) association 

between NEAP and DPD and BSAP and OC excretion. Lower estimates of NEAP 

were significantly associated with lower excretion of OC (P<0.05), and a similar but 

(non-significant) trend was seen with DPD and BSAP (P<0.15, P<0.09) 

respectively.
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6.3.10. Net endogenous acid production NEAP: effect on bone 

density and bone metabolism of premenopausal women

Data were examined for any association existed between NEAP and bone 

mass/ bone metabolism in postmenopausal women. NEAP estimate did not appeal* to 

be associated with bone mass in this population. There was a negative association 

between NEAP and markers of bone resoiption. The lower the NEAP the higher the 

PYD excretion (P<0.05).
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6.4 . D iscussion

In the present study subjects were divided into three groups, non-milk 

group (NMG), low milk group (LMG <1 pint/d = 240-300 ml/d) and high milk 

group (HMG >1 pint/d = 480-500 ml/d) (Netzer, 1997) for both pre and 

postmenopausal women. According to this category, the quantity of milk intakes by 

our subjects was much lower than the quantity consumed by UK women (New et al, 

2000).

Evidence indicates that consumption of an adequate intake of calcium or
■v

calcium rich foods such as milk and dairy products helps to optimize peak bone 

mass by positively influence bone mineralization during growth and that the 

mechanism for its action is likely due to a suppression of bone remodeling which is 

achieved by age 30 or earlier (Chan et al, 1995; Cadogan et al, 1997; Bonjour et 

al, 1997). In a calcium supplementation trial, calcium influenced lumbar spine 

BMD in late menopausal women (Dawson-Hughes et al, 1990). In our study milk 

was not a significant predictor of absolute bone mineral density of lumbar spine or 

femoral neck. In our post and premenopausal women the results showed that there 

were no differences between none, low, and high milk consumer, concerning BMD, 

which is similar with results from other studies (Eamshaw et al, 1997; Macdonald 

etal, 2004).

Analysis of data obtained from three-day food diaries intakes between 

the three study groups strongly emphasized the significant differences between those 

three groups. Our results have shown a trend for lower bone ultrasound attenuation 

BUA with low milk consumption. These results are agreed with the evidence from 

recent study on adolescents, which have found that a high calcium intake in the form 

of dairy products had the greatest influence on BUA (Novotny et al, 2004). The

239



results also shown that BUA t-score in high milk group is significantly greater than 

none and low milk groups, which are agreed with several previous studies (Tucker et 

al., 1999; Eastell and Lambert, 2002). A comparison of the mean BUA t-scores of 

each groups revealed that the mean BUA t-scores for the NMG were lower than the 

BUA t-scores for the other two groups in both the premenopausal and 

postmenopausal women.

The markers of bone turnover between the three milk consumption 

groups have shown significant differences. Excretion of deoxypyridinoline (DPD) is 

greater in the non-milk group compared with low and high milk groups, indicative 

of a high bone resorption in this group, which is confirmed the important role of 

milk intakes as a good source for calcium to maintain the integrity and health of 

bones in postmenopausal women. In premenopausal women, excretion of PYD 

exhibited significant differences between the none milk and low milk groups 

comparing with high milk group, which they having greater bone resorption 

compared with high milk group due to insufficiency of milk intakes and number of 

servings per day. These results suggest that milk has an antiresorptive effect on bone 

in both postmenopausal and premenopausal women. In contrast, the bone formation 

markers BSAP revealed no significant differences between the three groups, which 

is inconsistence to the previous studies (Hasling et al, 1990; Dawson-Hughes et al, 

1990; Prince etal, 1995).

Nutrients intake such as proteins, fiber, vitamin C, vitamin D, 

phosphorus, calcium, and potassium were assessed by three days food diaries, but 

the three milk groups were assessed by food-frequency questionnaire questioner 

(FFQ). In postmenopausal and premenopausal women we verify the milk intake data 

by looking at differences in Ca consumption between the three milk groups. Our
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finding regarding calcium in our population of postmenopausal and premenopausal 

women was interesting. Our failure to see an association between calcium and bone 

mass / quality / turnover in postmenopausal women, while in premenopausal women 

there was a positive non-significant association between calcium intake and bone 

quality (VOS) and a negative non-significant association with bone resorption 

(PYD) which is similar to other interventional study that demonstrated that calcium 

supplementation reduced serum OC and free pyridinoline PYD (Riggs et al.y 1998).

Phosphorus is the second important mineral for bone (Matkovic et ah, 

2003). Our results showed a negative trend between phosphorus intake and lumber 

spine BMD in postmenopausal women. This finding is in agreement with Metz and 

Hoppe studies (Metz et al, 1993; Hoppe et al, 2000). While in premenopausal 

women the higher phosphorus intake was positively non-significantly associated 

with bone quality (VOS) and negatively with bone resorption markers (PYD). 

Which is similar to other studies investigating the influence of dietary phosphorus 

intake on bone mass support a positive association (New et al, 1997; Tucker et al, 

1999). Grimm study supports the view that the women with adequate calcium 

supply, a high phosphorus intake dose not detrimental to bone health (Grimm et al,

2001). Although phosphorus is an essential nutrient, there is a concern that high 

intakes of phosphorus might be detrimental to the bone (Calvo, 1994). For example 

a rise in dietary phosphorus increases serum phosphorus concentration, producing a 

transient fall in serum ionized Ca resulting in elevated parathyroid hormone (PTH) 

secretion and potentially bone resorption.

Our data result o f postmenopausal women found a negative trend

between potassium intake and DPD excretion demonstrated the promotion o f renal

calcium retention that the low potassium intake increases daily and fasting urinary
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calcium excretion rate (Lemann et al., 1993). Therefore, the low potassium intake 

effects calcium balances increased urinary DPD and hydroxyproline excretion and 

decrease serum osteocalcin concentration (Tucker et al, 1999). While our 

premenopausal group of women, there was a positive non-significant link between 

potassium intake and BMD at the FN and FT sits and BUA at the calcaneal, which is 

similar to study of New et al which they reported greater BMD in spine, hip and 

forearm in premenopausal women (New et al, 2000).

Findings also showed a negative correlation between iron intakes and 

bone resorption marker DPD excretion among the postmenopausal women. In 

premenopausal women a positive non-significant association between iron intake 

and hip BMD and heel BUA. Negative trends were found with bone formation 

markers (BSAP and OC) excretions. These findings were in agreement with 

previous study suggesting that iron deficiency may play a role in bone fragility 

(Medeiros et al, 1997). Another study examined the relation between bone mass 

and iron in adolescent girls there was a trend for a positive association between 

BMD and serum ferritin (Ilich-Ernst et al., 1998).

Suboptimal vitamin C intakes may adversely affect the bone formation 

and degradation process, either by decreasing the rate of osteoblast differentiation or 

through the synthesis of abnormal collagen fibers which may be degraded before 

reaching maturity (Munday, 2003). Our results in postmenopausal women showed 

that lower Vitamin C intake correlate with higher excretion level of markers of bone 

formation (BSAP). While in our premenopausal group we found a trend for a 

positive association between bone mass at the calcaneal site (BUA and VOS) and 

vitamin C intakes. This finding is similar to Kaptoge et al that suggested that low 

intake of vitamin C was associated with faster rate of BMD loss (Kaptoge et al.,
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2003). Vitamin C, which is antioxidant vitamin along with others, may serve to 

protect the skeleton from the oxidative stress that increase free radical generation 

and bone resorption. In a recent study of women, high intakes of vitamin E and C 

significantly decreased the odds ratio for hip fracture (Ilich and Kerstetter, 2000).

The negative correlation between vitamin D intake and DPD, 

(postmenopausal women) BSAP, and OC excretion (premenopausal women) do 

however confirm the importance of vitamin D on bone health. This finding is in a 

agreement with a recent studies showed that Low serum vitamin D leads to 

secondary hyperparathyroidism, increased bone turnover, reflected by an increase in 

bone resorption and bone formation markers. (Gannage et al, 2000; Reginster, 

2005). Studies indicate that serum vitamin D makes a contribution to BMD a 

lumber spine and neck of femur (Collins et al, 1998; Ooms et al, 1995; Chapuy et 

al, 2002). Our results showed that BUA reflected the positive effect on bone of 

vitamin D intakes in premenopausal women, which is similar to those of vitamin D 

and calcium supplementation in a population of elderly women (Krieg et al, 1999).

In our present study the results showed no trend for protein intake and 

lumbar spine BMD of postmenopausal and premenopausal we do not find support 

for the hypothesis that high protein consumed induced hypercalciuria and result in 

high bone resorption (Chan and Swaminathan, 1994; Lemann, 1999). Clinical 

intervention trials support this hypothesis and report an increase in bone resorption 

(Kerstetter et al, 1999). Other studies report higher fractures at group consuming a 

high protein diet (Abelow et al, 1992; Meyer et al, 1997). In contrast, a cross- 

sectional and longitudinally studies showed a positive correlation between protein 

intake and bone mass in post and premenopausal women (Teegarden et al., 1998; 

Dawson-Hughes and Harris, 2002). On the other hand numerous studies, have not
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find any relationship between bone mineral mass and protein intake (Henderson et 

al, 1995; New et al, 1997).

Examination of fruit and vegetable intake in postmenopausal women has 

proved a correlation with bone formation markers. Higher intake of fruit and 

vegetable shows a significant negative association with BSAP and negative trend 

with OC. Several previous studies showed similar findings to our results (Tucker et 

al, 1999; New et al, 1997; Wachman and Bernstein, 1968). Data had been 

developed into quartiles of intakes emphasized that women at the lower quartile of 

fruit and vegetable intake (1st Qtr) had higher BSAP and OC excretion. In our 

premenopausal women the data have shown a positive correlation between fruit and 

vegetable intakes and bone density / bone metabolism in which higher fruit and 

vegetable intakes resulted in higher BUA at the calcaneal site. Data has been 

developed into quartiles of intakes confirmed the finding, lower quartile of fruit and 

vegetable intake (1st Qtr) had lower BUA. Fruit and vegetable are alkaline- 

producing foods (which is, the excretion of renal base exceeds excretion of acid), 

and long-term ingestion may have a beneficial protective effect on bone (Lemann et 

al, 1993). Recent studies showed the greater intake of fruit and vegetable the higher 

the bone mineral density and the less bone loss (Hannan and Tucker, 2003; 

Macdonald et al, 2004).

The effect of net endogenous acid production (NEAP) on bone density and 

bone metabolism in postmenopausal women showed a negative non significant trend 

with lumber spine BMD and a positive trend with bone turnover markers, which is 

indicate that diet with lower protein content but higher potassium content gives us 

lower estimates of NEAP, are significantly associated with greater BMD and lower 

bone resorption. These data are in agreement with a study shows that women with

244



the lowest estimate of NEAP were having lower pyridinoline and de

oxypyridinoline secretion. These data indicate that diets that are characterized by 

less dietary acid are associated with a better indices of bone (Macdonald et al.,

2002). Another recent study by New et al showed that a link between NEAP and 

skeletal integrity (New et al., 2004). In our premenopausal women estimate of 

NEAP did not show any association with bone mass and there was a negative 

association with bone resorption markers PYD.
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C H A P T E R  7
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b o n e  h e a l t h
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7.1 . In tro d u c tio n

Vitamin D maintains extracellular fluid concentrations of calcium and 

phosphorus within normal range. Vitamin D is required to increase the efficiency of 

the small intestine to absorb dietary calcium which is essential for mineralization of 

bone. Reduction in vitamin D levels is associated with impaired calcium absorption 

and a compensatory increase in the level of parathyroid hormone (PTH), which 

stimulates bone resorption and bone loss.

7.1.1. Vitam in D status

The 25(OH) D is the principle circulating vitamin D metabolite. Its 

concentration in the serum is considered as an accurate assessment of vitamin D 

nutritional status, which reflects a dietaiy intake and cutaneous production (Parfitt, 

1998). Serum levels of 25 (OH) D reflect both excess and deficiency states.

Serum PTH concentrations are inversely related to 25 (OH) D serum 

levels (Lips et al., 1988). Therefore, the serum PTH concentration, in conjunction 

with 25(OH) D level, make valuable indicator of vitamin D status. Many studies 

suggested that there is a value of 25(OH) D above that there is little decrease in 

PTH. In assessing vitamin D status, studies have suggested that the value of 

25(OH)D that considered normal range could be regarded as optimal. This has been 

addressed by (Malabanan et al., 1998) who demonstrated that the serum 25(OH) D 

level minimizing PTH secretion is much higher than the “ classical” threshold of 

30nmol/liter (12ng/ml).

Some cross-sectional studies relating PTH levels to 25(OH)D levels 

suggest that 25(OH)D concentrations as high as 100 nmol/liter may be necessary to 

minimize serum PTH (Reid, 1998). However, the threshold concentration of
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25(OH)D that delimits deficiency from sufficiency, i.e. the lowest concentration 

defining the plateau level of PTH, differs between studies and ranging from 20 

nmol/liter (8 ng/ml) to >100 nmol/liter (40 ng/ml) (Gloth et al., 1995; Dawson- 

Hughes et al, 1997). Recent studies have shown with increasing 25(OH) D a 

continuous decline in PTH and no plateau (Kudlacek et al, 2003; Bates et al,

2003). Other studies have been proposed a gradual scale in which vitamin D 

deficiency as a 25 (OH) D concentration of <25 nmol/liter (10 ng/ml), vitamin D 

insufficiency as a 25(OH)D concentration of <50 nmol/liter (20 ng/ml) and 

hypovitaminosis D is defined as a 25 (OH) D concentration of <100 nmol/liter 

(40ng/ml) (McKenna and Freaney, 1998).

7.1.2. Vitam in D  deficiency /  insufficiency

Vitamin D deficiency results in transient hypocalcaemia that causes 

secondary hyperparathyrodism and mild hypophosphatemia. This ultimately induces 

inhibition of the primary mineralization of bone matrix (Meunier, 2001). It is a 

major risk factor for bone loss and fracture. Vitamin D deficiency was recognized as 

a cause of rickets in children and osteomalacia in adults.

Vitamin D insufficiency is the preclinical phase of vitamin D deficiency 

that increases the risk of osteoporotic fractures (Chapuy et al, 1992). It induces a 

secondary hyperparathyrodism without mineralization defect and accelerates bone 

loss.

Vitamin D sufficiency do not induces effect on calcium homeostasis 

(Meunier, 2001).
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7.1.3. Influence of vitam in D  status on bone health

Vitamin D deficiency results in a fall in ionized calcium and secondary 

hyperparathyrodism. The effect of high level of PTH secretion is to restore normal 

calcium through increasing intestinal calcium absorption, renal calcium retention 

and bone resorption. The consequences of these changes is inhibition of 

mineralization at the growth plate and impair of mineralization of performed osteoid 

at sites of bone remodelling on the trabecular bone surface. Secondary 

hyperparathyrodism causes increase in bone resorption result in thinning of the 

trabecular and cortical bone (Pettifor, 2003).

7.1.4. Study aim

The vitamin D nutrition status of Saudi premenopausal and 

postmenopausal women is unclear. The objective of this study was to detennine the 

prevalence of vitamin D deficiency / insufficiency and to examine associated risk 

factors for vitamin D deficiency in those groups of women. This study assessed the 

serum concentrations of 25-hydroxyvitamin D as an index of vitamin D nutrition 

status in premenopausal women in comparison with those in postmenopausal 

women and investigated the influence of vitamin D status on indices of bone health.



7.2.1. Subject selection

Serum of 25-hydroxyvitamin D [25(OH) D], 1,25-dihydroxyvitamin D 

[l,25(OH)2 D], intact parathyroid hormone (PTH), and ionized calcium and 

phosphorus were measured in 101 premenopausal women aged 20-30 years and 112 

postmenopausal women aged 45-60 years who were participating in this study. The 

exclusion criteria used for the study are shown in Table 2.1.

7.2.2. Biological samples collection

Morning fasting blood and second morning void urine samples were 

collected from every woman (section 2.5) for the measurement of the following 

parameters: serum calcium, phosphorus, 25 (OH)D, 1,25 (OH)D and parathyroid 

hormone (PTH).

7.2.3. Analytical methods for assessment of vitam in D metabolite 

and P TH

Serum 25-OH vitamin D was measured by two methods a competitive 

binding protein assay (CPBA) and high-pressure liquid chromatography (HPLC) 

with ultraviolet quantification (Section 2.5). The first method is based on the 

competition of 25-OH Vit D present in the sample with biotinylated 25-OH Vit D 

(tracer) for the binding pocket of vitamin D binding protein (VDBP, Gc-globulin). 

This method is described in (Section 2.7.1). The second methods involves the use of 

a tritiated recovery standard, details is described in (Section 2.7.2).

7.2 S t u d y  D e s i g n
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Serum 1,25-dihydroxyvitamin D was measured by a competitive enzyme 

immuno assay (EIA), which is based on the competition between 1,25- 

dihydroxyvitamin D present in the sample with labeled 1,25-dihydroxyvitamin D 

tracer for the binding site of the vitamin D specific antibody. This method described 

in (Section 2.7.3).

Measurement of Intact parathyroid hormone (PTH) was performed by a 

two-site enzyme-linked immunosorbent assay [ELISA] with two different 

polyclonal antibodies for different regions on the PTH molecule, details is described 

in (Section 2.7.4).

7.2.4. Analytical methods for assessment of serum chemistry

Automated clinical chemistry analyzer measured serum chemistry. 

Measurement of serum calcium based on colorimetric methods with endpoint details 

is described in (Section 2.7.5). Serum phosphorus analyze by method based on the 

reaction of phosphate with ammonium molybdate to form ammonium 

phosphomolybdate that reduced to form molybdenum blue as described in (Section 

2.7.6).

7.2.5. Statistical analysis

Statistical analysis was conducted using SPSS software package (version 

12; SPSS Inc, Chicago). For all variables descriptive statistics (means, medians, 

SDs, and ranges) were determined. In tables, data is presented as mean values with 

their standard deviation and percentages for each group. The paired sample t-test 

was used to compare means values between the two methods used to analyse 

vitamin D. Comparisons of means were performed by analysis of variance, adjusting
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for weight, height, and physical activity. Pearson coefficient of correlation was used 

to study the linear correlation between 25(OH) D, PTH, l,25(OH) D, calcium, 

phosphorus, and bone turnover markers (PYD, DPD, BSAP, and OC excretion) in 

postmenopausal and premenopausal women. Results for the effect of 25 (OH) D on 

bone mass (BMD sites, BUA, and VOS) and bone turnover markers presented in 

five levels are give as mean values and their standard deviation.
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7.3.1. Extent o f vitam in D insufficiency /  deficiency in 

postmenopausal women

The prevalence of vitamin D deficiency was examined by using a cutoff 

of 12 ng/ml. In our postmenopausal women the mean level of serum 25 (OH) D was 

9.71+ 4.44 ng/ml (24.27+11.1nmol/liter) (Table 7.1). We observe that 74% of our 

postmenopausal women are vitamin D deficient [serum25 (OH) D less thanl2 ng/ml 

(30 nmol/liter)] and 26% women are adequate [serum25 (OH) D higher than 12 

ng/ml (30 nmol/liter)]. The relationship between 25(OH) D and serum PTH in this 

population has been analyzed a significant negative correlation (r = - 0.23; P<0.02) 

was found (Fig 7.1). Different levels of serum 25(OH) D were analyzed to find out 

the percentage of these levels (Table 7.2), most of this population concentrate at 

25(OH) D levels between 5-15 ng/ml.

7.3.2. Extent of vitam in D insufficiency /  deficiency in 

premenopausal women

As shown in (Table 7.1) the mean concentration of serum 25 (OH) D was 

8.86 ±3.6 ng/ml (22.15 nmol/liter).A cutoff of vitamin D deficiency wasl2 ng/ml. 

We observe that 82% of our premenopausal women are vitamin D deficient 

[serum25 (OH) D less thanl2 ng/ml (30 nmol/liter)] and 18 % women are adequate 

[serum25 (OH) D higher than 12 ng/ml (30 nmol/liter)]. A significant negative 

correlation between 25(OH) D and serum PTH (r = -0.31; P<0.00) was observed 

(Fig 7.2). The percentage of different levels of 25(OH) D were calculated (Table

7.2), 66% of this population their 25(OH) D level runs between 5-15ng/ml.

7.3 R e s u l t
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Table 7.1: Biochemical characteristics in postmenopausal and
premenopausal women

Postmenopausal

Mean±SD Range Median

Premenopausal

Mean±SD Range Median

25 (OH) D 
(ng/ml) 9.7±4.4 1.3-23.2 9.7 8.86±3.6 2.3-19.2 8.05

1,25 (OH) D 
(pg /  ml) 42.5±14.8 12-87.0 41.0 37.9±12.5 7-73 37.0

PTH 
(pg /  ml)

61.9±34.3 18-204 53.0 39.35±21.4 10-135 35.0

Table 7.2: Percentage values for different levels of 25(OH)D in postmenopausal
and premenopausal women

25 (OH) D 
(ng/ml)

Postmenopausal

N valid 
cumulative

percent percent

Premenopausal

N valid 
cumulative

percent percent

<5 12 13.2 13.2 13 15.5 15.5

5-10 36 39.5 52.7 41 48.8 64.3

10-12 21 23.1 75.8 15 17.8 82.1

12-15 12 13.2 89.0 11 13.1 95.2

>15 10 11.0 100 4 4.8 100
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7.3.3. Comparison between serum 25 (O H ) D concentration by two 

different methods

The serum 25 (OH)D level were analyzed by two different methods, 

competitive protein binding assay (CPBA) and high performance liquid 

chromatography (HPLC). There was no significant difference between the two 

methods (Table 7.3).

Table 7.3: Comparisons between CPBA and HPLC methods in assessing
serum 25 (OH) D

Postmenopausal
Mean+SD Median Range P value

Premenopausal
Mean+SD Median Range P value

25 (OH) D
(ng/ml)
CPBA

8.5±7.3 7.5 (0.5-39.9) P<0.11 8.6±7.2 6.6 (1.0-43.0) P<0.7

25 (OH) D 
(ng/ml) 

H P LC
9.7±4.4 9.7 (1.3-23.2) P<0.11 8.8±3.6 8.0 (2.3-19.2) P<0.7

7.3.4. Relationship between serum PTH , 25(O H)D  and l,25 (O H )2 D  

in postmenopausal women

In analyzing the relationship between vitamin D status and serum PTH in 

our population, showed that in postmenopausal group 25(OH) D was significantly 

inversely correlated to PTH (r = -0.23; P< 0.02), while 1,2 5(OH)2D was 

significantly positively associated with PTH ( r = 0.21; P<0.03). The relationship 

between PTH and 25(OH)D showed an increase of PTH when 25(OH)D fell below 

8 ng/ml (20 nmol/l)(Fig. 7.2).
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7.3.5. Relationship between serum P TH , 25(O H )D  and l,25 (O H )D  

in premenopausal women

We analyzed the relationship between vitamin D status and serum PTH in 

our group of premenopausal women. A significant negative correlation was found 

between serum intact PTH and serum 25(OH)D values (r = - 0.31; P<0.004). Serum 

PTH held almost a stable level at about 30pg/ml as long as serum 25(OH)D values 

were above than 7 ng/ml (17.5 nmol/l) (Fig 7.3). Serum l,25(OH)D were not related 

to PTH in this group of premenopausal.

7.3.6. 25(O H)D  and P TH  in relation to biochemical parameters in 

postmenopausal women

There was a positive trend between 25(OH)D and calcium (r = 0.19; 

P<0.06) as well as with phosphorus (r = 0.18; P<0.07). Serum calcium was 

significantly negatively correlated to PTH (r = - 0.22; P<0.02). There was a 

significant negative association between PTH and phosphorus (r = - 0.24; PO.01).

>
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Data were analyzed for premenopausal women None of the biochemical 

parameters were significantly related to 25(OH)D and PTH. Calcium intake (mg/d) 

was significantly negatively correlated to PTH (r = -0.24; P<0.05).

7.3.7. 2 5 ( O H ) D  a n d  P T H  in relation to biochemical parameters in

premenopausal w o m e n
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The data were examined to see if  any association existed between 

25(OH)D and PTH with bone resorption (PYD and DPD) / formation (BSAP and 

OC). We observed that non of the bone markers were associated with 25(OH)D in 

this group. With PTH we observed a significant positive association with bone 

formation markers BSAP (r = 0.21; P<0.03) and OC (r = 0.20; P<0.04).

7.3.8. Relationship between 2 5 ( O H ) D  a n d  P T H  with b one markers

in postmenopausal w o m e n

Serum  o steocalcin  (ng/m l)

Figure7.8: Relationship between serum PTH and OC in postmenopausal women
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Figure7.9: Relationship between serum PTH and BSAP in postmenopausal women

7.3.9. Relationship between 25(O H )D , P TH  and bone markers in 

premenopausal women

There was a significant positive association between 25(OH)D and bone 

resorption marker PYD (r = 0.24; P<0.03) and positive trend with DPD (r = 0.19; 

P<0.08). While with PTH there wasn’t any association related to bone markers.

In this group of premenopausal women we observed significant positive 

association between serum calcium and bone resorption marker DPD (r = 0.27; 

P<0.008), bone formation marker OC (r = 0.25; P<0.01). There was a positive 

significant correlation between serum calcium and serum phosphorus (r = 0.26; 

P<0.007)
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7.3 .10 . E ffe c t o f 2 5 (O H ) D  levels on indices o f bone h ea lth  

in  postm enopausal w om en

The mean values of serum 25(OH) D were divided into five different 

levels and the mean values of bone density at sites (LS, FN, FW, and FT), BUA, and 

VOS for postmenopausal women are shown in Table 7.4. These data were examined 

for differences in bone density, BUA, and VOS at different levels of vitamin D. 

There were significant differences in lumbar spine; femoral neck; femoral ward; 

femoral trochanter BMD at different vitamin D levels (P<0.02; P<0.00; PO.00; 

P<000) respectively. No differences were found at the BUA and VOS (P<0.22; 

0.12).
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The data were also examined in premenopausal women to see if there 

are any differences in bone density at sites (LS, FN, FW, and FT), BUA, and VOS at 

different 25(OH)D levels. There were no significant differences were found in the 

lumbar spine, femoral neck, femoral ward, and femoral trochanter (P<0.9; P<0.2; 

P<0.27; 0.7) respectively. There was only trend in the BUA and none was founding 

the VOS (P<0.14; P<0.8) respectively. The mean values of bone density at sites (LS, 

FN, FW, and FT), BUA, and VOS for premenopausal women at different 25(OH) D 

levels are shown in Table 7.5.

7.3.11: Effect of 2 5 ( O H )  D  levels on indices of b o n e  health in

premenopausal w o m e n
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Table 7.4: Effect o f 25(OH) D level on bone indices o f postmenopausal
women

25(OH)D
<5

(ng/ml)
n=12

25(OH)D
5-10

(ng/ml)
n=36

25(OH)D
10-12

(ng/ml)
n=21

25(OH)D
12-15

(ng/ml)
n=12

25(OH)D
>15

(ng/ml)
n=10

P value

Age (y)
48.83+4.13 49.38+4.24 49.85+5.6 47.75+4.5 54.90+4.65 P< 0.007

Weight
(kg) 90.95+15.2 77.24+13.08 71.53+9.26 73.61+16.7 68.83+9.9 P< 0.000

Height
(cm) 157.95+8.3 157.63+5.4 156.24+5.3 154.58+4.3 155.5+6.8 P< 0.4

BMI
(kg/m2) 36.38+5.15 31.1+5.17 29.30+3.53 30.80+6.8 28.62+5.0 P< 0.002

LS BMD
(g/cm2) 1.16+0.16 1.11+0.16 1.07+0.16 1.0+0.13 0.98+0.17

‘P<0.02
2P<0.27

FN BMD 
(g/cm2) 1.0+0.14 0.96+0.17 0.87+0.12 0.89+0.13 0.81+0.11 ‘PO.OO

2P<0.1

FWBMD
(g/cm2) 0.90+0.16 0.82+0.20 0.78+0.15 0.75+0.17 0.65+0.13 ’PcO.OO

2P<0.1

FTBMD
(g/cm2) 0.86+0.13 0.84+0.16 0.75+0.11 0.76+0.17 0.67+0.1

’PO.OO
2P<0.1

LSt-
score -0.32+1.3 -0.68+1.36 -1.06+1.32 -1.62+1.09 -1.83+1.4

*P<0.02
2P<0.3

TF t- 
score 0.50+1.11 0.10+1.47 -0.51+1.09 -0.41+1.44 -1.29+0.73 'PcO.OO

2P<0.2

BUA
(db/MHz) 70.0+19.12 73.47+15.7 71.15+11.0 63.33+15.9 63.30+18.7 ^<0.22

2P<0.29

VOS
(m/s) 1614.5+25 1608.9+27 1623.0+18 1607.9+28 1598.7+39

»P<0.125
2P<0.08

1. ANOVA 2. ANCOVA
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Table 7.5: Effect o f 25(OH) D level on bone indices o f premenopausal
women

25(OH)D
<5

(ng/ml)
n=13

25(OH)D
5-10

(ng/ml)
n=41

25(OH)D
10-12

(ng/ml)
11=15

25(OH)D
12-15

(ng/ml)
n =ll

25(OH)D
>15

(ng/ml)
n=4

P value

Age (y) 24.1+4.03 23.19+3.5 23.0+3.20 20.41+0.66 23.0+3.93 P< 0.08

Weight
(kg) 59.85+12.5 62.4+14.83 61.8+12.35 61.96+22.9 54.74+10.3 P< 0.8

Height
(cm) 158.6+6.58 158.73+5.0 158.9+6.80 158.83+7.0 159.0+5.91 P<1.0

BMI
(kg/m2) 23.83+4.83 24.68+5.45 24.41+4.20 24.62+9.67 21.56+3.38 P< 0.8

LS BMD 
(g/cm2) 1.15+0.15 1.29+0.11 1.13+0.1 1.11+0.12 1.15+0.08 *P<0.9

2P<0.6
FNBMD
(g/em2) 0.90+0.14 0.97+0.11 0.93+0.10 1.0+0.12 1.0+0.107 JP<0.2

2P<0.07
FW BMD
(g/cm2) 0.88+0.15 0.94+0.13 0.88+0.14 0.97+0.168 1.0+0.14 ^<0.27

2P<0.17
FT BMD
(g/cm2) 0.75+0.24 0.79+0.22 0.75+0.11 0.78+0.30 0.75+0.39 'PO J

2P<0.7
LS t- 
score -0.39+1.27 -0.56+0.92 -0.58+0.77 -0.65+1.0 -0.36+0.67 ^<0.9

2P<0.7
TF t- 
score -0.37+1.12 -0.027+1.0 -0.34+1.05 0.033+1.24 0.02+0.95 ^<0.7

2P<0.59
BUA
(db/MHz) 80.54+15.3 77.85+12.0 75.53+11.68 84.75+12.9 67.80+21.1 ^<0.14

2P<0.15
VOS
(m/s) 1655.2+29 1651.6+32 1647. 1+27 1660.4+27 1654.2+24 lP<0.83

2P<0.89
1. ANOVA 2. ANCOVA
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7.3.12. Effect of 25(O H ) D  levels on P T H  and bone turnover in 

postmenopausal women

The data were examined to see any differences between mean values of 

PTH, l,25(OH)2D, and all biochemical markers of bone turnover (PYD, DPD, 

BSAP, and OC) between different 25(OH) D levels of postmenopausal women are 

shown in Table 7.6. Data exhibited non-significant differences in mean values of 

PTH, l,25(OH)2 D, PYD, DPD, BSAP, and OC between 25(OH) D levels (P<0.2; 

P<0.8; P<0.7; P<0.1; P<0.2; P<0.1) respectively.

7.3.13. Effect of 25(O H) D  levels on P TH  and bone turnover in 

premenopausal women

The data were examined to see any differences between mean values of 

PTH, l,25(OH)2D, and all biochemical markers of bone turnover (PYD, DPD, 

BSAP, and OC) and different 25(OH) D levels in premenopausal women (Table 

7.7). There was significant difference in PTH among 25(OH) D different levels 

(P<0.00). The mean serum PTH was higher at 25(OH) D level <5 ng/ml and lowest 

at 25(OH) D level >15 ng/ml. Osteocalcin was significantly different between 

different levels of 25(OH) D (P<0.04). Other bone turnover markers (PYD, DPD, 

and BSAP) exhibited non-significant differences in their mean values between 

different 25(OH) D levels (P<0.2; 0.4; 0.4) respectively.
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Table 7.7: Effect o f 25(OH) D levels on PTH and bone turnover of
postmenopausal women

25(OH)D
<5

(ng/ml)
n-13

25(OH)D
5-10

(ng/ml)
n=41

25(OH)D
10-12

(ng/ml)
n—15

25(OH)D
12-15

(ng/ml)
n = ll

25(OH)D
>15

(ng/ml)
n=4

P value

PTH
(pg/ml) 84.5±42.9 66.27±37.5 57.3±29.84 52.0±29.25 62.5±38.07 P< 0.2

l,25(OH)D
(pg/ml) 39.2±16.27 43.4±17.7 44.4±12.2 44.6±11.26 45.0±10.8 P< 0.8

PYD
(nmol/I) 42.3±12.36 38.96±15.4 36.14±8.39 38.0±14.83 39.33±13.2 P< 0.7

DPD
(nmol/l) 12.21±5.14 9.54±2.99 10.12±3.77 10.26±3.64 11.77±3.22 P<0.1

BSAP
(U/L) 22.48±7.95 20.08±6.72 20.28±8.61 19.4±6.85 26.06±10.3 P< 0.2

OC
(ng/ml) 9.61±5.35 9.90±2.90 9.5±2.96 9.39±3.82 12.56±3.05 P< 0.1
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Table 7.8: Effect of 25(OH) D levels on PTH and bone turnover of 
premenopausal women

25(OH)D
<5

(ng/ml)
n=13

25(OH)D
5-10

(ng/ml)
n=41

25(OH)D
10-12

(ng/ml)
n=15

25(OH)D
12-15

(ng/ml)
n=ll

25(OH)D
>15

(ng/ml)
n=4

P value

PTH
(pg/ml) 65.36±24.5 37.56±23.0 36.93±15.9 33.41±12.7 27.4±10.5 P<0.00

l,25(OH)2D
(pg/ml) 33.9±12.4 39.24±13.0 35.73±11.7 38.58±10.4 40.6±13.16 P<0.6

PYD
(nmol/l) 31.2±9.05 34.2±11.22 39.11±11.0 39.33±5.13 34.0±15.0 P< 0.2

DPD
(nmol/l) 9.44±3.14 10.35±5.0 11.69±2.5 12.65±4.27 10.32±5.55 P< 0.4

BSAP
(U/L) 18.57±4.44 18.92±6.0 17.08±4.8 17.6±4.83 14.43±4.8 P< 0.4

OC
(ng/ml) 13.8±3.55 11.88±3.62 12.81±3.27 12.06±2.67 11.74±4.24 P<0.04

269



7.4 . D iscussion

This study is a cross-sectional investigation and hence the study is limited 

by design in that only associations and not relationships can be described. The 

results are trying to reflect what is happening in the population and is based on 

volunteers which is new to Saudi society and more so to women due to their 

movements restriction and their dependent on male companion for transportation. 

The most important limitation of this study it reliance on self-reporting, which are 

potentially biased by non-responders. The study is also limited by demographic bias 

toward the rich (post 61%, pre 59%) and educated (post 76%, 100%) members of 

the society. This is not a true representation of the Saudi women population. This 

will eliminate the more passive and subjugated women who may have worse results. 

Study exclusion criteria were very stringent and this limited the number of cases to 

be studied in addition to financial limitations. Several other limitations should be 

noted such as response biases; women tend to hide important information of which 

affect the results of the study (i.e. as using vitamin D and calcium supplementation 

which affect vitamin D measurements). According, the generalization of our finding 

to the Saudi population women should be treated with some caution. With respect to 

vitamin D status our result were consistent with those of previous work in the 

Middle Eastern population, which increase confidence in our findings.

This study showed that the mean serum levels of 25(OH)D of women 

population are much lower in Saudi Arabia 9.285+4.0 ng/ml (23+10.0 nmol/l) 

comparing to the Westerner countries e.g. France 24.0+12 ng/ml (60.0+30 

nmol/l)(Chapuy et al, 1997),USA 33.0+0.6 ng/ml (82.5+1.5 nmol/i)(Nesby-0’ Dell 

et al., 2002) but similar to other Saudi and Arab studies. In the study by Ghannam in 

Riyadh city (capital of Saudi Kingdom) mean serum levels of 25(OH)D in women

270



were 9.8±6.9 ng/ml (24.5+17.2 nmol/1) (Ghannam et ah, 1999). At Gannage-Yared 

study in Beirut (Lebanon) mean serum levels of 25(OH) D in (men and women) 

were 9.71+7.07 ng/ml (24.27+ 19.25 nmol/1). It has been well documented that 

vitamin D deficiency causes impairment of skeletal mineralization, resulted in 

rickets and osteomalacia in children or osteomalacia and osteoporosis in adults. 

Women with vitamin D deficiency are at high risk for bone loss, bone fractures and 

disability. The high prevalence of vitamin D deficiency is being increasingly 

recognized globally. However, less severe degrees of vitamin D insufficiency 

contribute to bone loss without impairing bone mineralization. Specifically, vitamin 

D inadequacy produces calcium malabsorption with resultant secondary 

hyperparathyrodism producing by time bone loss and osteoporosis (Parfitt, 1990)

Vitamin D deficiency is highly prevalent in our studied population of 

women. The threshold of vitamin D insufficiency, which is defined by serum 

25(OH) D concentration, varies widely between studies ranging from 4 - 2 0  ng/ml 

(10 -  50 nmol/1) (Chapuy et al., 1997; Lips et al, 1988). We used the “classical” 

threshold of 12 ng/ml value (30 nmol/1) that is chosen by (Chapuy et al, 1997). In 

this study it is notable that (74% and 82%) of our population of postmenopausal and 

premenopausal women respectively is below the threshold of vitamin D 

insufficiency <12ng/ml. This observation is similar with a study done in Lebanon 

(Gannage-Yared et al., 2000) were 72.8% of their population (men and women) is 

below <12 ng/ml but in women alone 83.9% were below <12 ng/ml. Severe vitamin 

D deficiency below <5 ng/ml were found in our postmenopausal and premenopausal 

women (13.2% and 15.5%) respectively.

Although vitamin D deficiency was common in our population, 25(OH)D 

level did not correlate with any of the BMD measurements, this observation is
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similar to the study done in Saudi Arabia (Ghannam et al, 1999). The possible 

explanation for the observed lack of correlation is may be the distribution of 

25(OH)D level in this population was far below the threshold needed for 

maintaining normal bone density. In several epidemiological studies serum 25(OH) 

D was not a risk factor for hip fractures (Lips, 2004).

Secondaiy hyperparathyroidism is a well-known consequence of vitamin 

D deficiency (Parfitt et al, 1982; Chapuy et al, 1997). Our results show a 

significant negative correlation between PTH and 25(OH) D in both group of 

postmenopausal and premenopausal (P<0.02, P<0.004) respectively. In our study it 

was observed that there was a gradual continuous increase in serum PTH levels as 

the 25(OH)D levels continually decline. In most studies serum PTH levels were start 

to increase when serum 25(OH) D equal or falls below 31 ng/ml (78 nmol/l) 

(Chapuy et al, 1997). Most of our population falls in between 5-12 ng/ml (12.5-30 

nmol/l), which is below the threshold of serum 25(OH) D levels inducing an 

increase in serum PTH secretion. Low levels of serum 25(OH)D have been 

associated with high levels of serum PTH, low bone density and hip fractures.

The increase in serum PTH levels that follows a fall in serum 25(OH)D, 

may be due to a loss of the calcemic effect of vitamin D on bone (Jones et al, 1998). 

Vitamin D is a key modulator of intestinal calcium and phosphorus absorption 

(Chapuy et al, 2002). Our data show a positive trend between serum calcium and 

serum phosphorus with serum 25(OH)D (P<0.06, P<0.07).

Dietary calcium intake influences serum PTH and serum PTH may 

influence the turnover of vitamin D metabolites. Low calcium intake causes an 

elevation of serum PTH and serum l,25(OH)2 D thereby lowering the half life of 

serum 25(OH)D and inducing vitamin D deficiency (Lips, 2004). Calcium intake
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was (791, 747 mg/day) for postmenopausal and premenopausal respectively. In a 

study in postmenopausal women, it shown that increasing calcium intake from 800 

to 2,400 mg/day caused a decrease of serum PTH of 30% (McKane et al, 1996).

Vitamin D intake was very low in Saudi postmenopausal and 

premenopausal women (112, 116 IU/d), which is due to a relatively low 

consumption of milk, low consumption of fish, and lack of fortified food except 

milk ( highly fortified in dried and low in fresh). Recent studies reveal that current 

dietary recommendation for vitamin D, (200 - 600 IU/d) are inadequate to maintain 

circulating levels of 25(OH)D at or higher than 32 ng/ml (80 nmol/l) consequently, 

expert opinion suggest that substantially more than (1000 IU) may be required 

(Hollis, 2005).

A marked variability in serum 25 (OH) D measurement is reported which 

is confounds the diagnosis of vitamin D insufficiency/deficiency and hamper 

comparison between results from different populations (Lips et al, 1999). During 

the past 30 years, different methods have been developed for determining vitamin D 

status in humans. These techniques have involved competitive protein binding 

assays (CBPA), high-performance liquid chromatography (HPLC) with UV 

detection and radioimmunoassay (RIA). The HPLC method give slightly lower 

results than RIA and CBPA methods. The competitive binding assay and high- 

performance liquid chromatography (HPLC) with UV detection methods were used 

in this study. The difficulty in vitamin D measurements is the standardization of 

assays. Different laboratories, using different methods, yield different results for the 

same specimens by as much as two fold (Binkley et al, 2004).
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C H A P T E R  8

G e n e r a l  D i s c u s s i o n



The present research could be considered as the first academic 

investigation for PhD degree in the Kingdom of Saudi Arabia in one of the most 

common diseases affecting millions of people worldwide osteoporosis. 

Unfortunately, in the past little attention has been given to bone diseases in Saudi 

Arabia (Khan and Khoja, 2003). Only a few studies have been published from 

several cities in the Kingdom such as the capital Riyadh (central region; Ghannam et 

al, 1999; El-Desouki, 1995), Eastern region (Al-Nuaim et al, 1995) and Jeddah city 

from western region (Ardawi et al, 2005), which has a population number of 

approximately five million. Therefore, unfortunately we have a lack of information 

and precise statistics about the prevalence of the disease in the Kingdom especially 

in the southern region, which is known as an area of crowded population and low 

income. Recently, Ardawi et al (2005) published the first large -  scale report on 

reference value on the BMD of the lumbar spine and the neck femur in randomly 

selected healthy Saudis of both sexes of various age groups (20 -  79 years) in 

Jeddah city only.

As far as my confirmed knowledge, this project is the first study 

concerned the association between bone disease, nutrition intake and lifestyle factors 

in the Kingdom of Saudi Arabia. The data and finding results presented in this 

Thesis were dealing with most common factors affecting bone health including 

nutritional habits, the quality and quantity of food consumed, physical activities and 

non-dietary lifestyle (e.g. sunlight exposure) beside anthropometric measurements. 

The results obtained in this study has been mainly compared with several studies for 

similar female age groups in the Western countries and the reason of that is the lack 

of similar studies in this country except of course, Ardawi et al (2005) report as 

mentioned above.
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T h is  P h D  stu dy  in v o lv e d  a  tota l o f  2 1 2  fem a les , 112  p ostm en op a u sa l and 

100  p rem en op a u sa l a g ed  4 5 -6 0  years and  2 0 -3 0  years resp ectiv e ly . T h e  fin d in gs  

ob ta in ed  sh o w e d  s ig n ifica n t d iffe re n ce s  b e tw e e n  the tw o  g rou p s, p ostm en op a u sa l 

an d  p rem en op a u sa l w o m e n  d e p e n d  fo r  a  n u m b er  o f  aspects se lected . A lth o u g h , these 

fin d in g  are v e ry  im portan t th ey  still rem ain  a  lim ita tion  fo r  severa l reason s 

in c lu d in g :

a) T h e  sca rce  o f  stud ies in  b o n e  d isea se  as cross  the cou n try  and  in  general 

M id d le  E ast cou n tries  w h ic h  d isco u ra g e  to  m ake a  c o m p a r iso n  study 

b e tw e e n  d iffe ren t re g io n s  o f  the K in g d o m  to  f in d  o u t  the accurate 

reason s  and  the a ccu ra te  p re v a le n ce  o f  the d isease.

b )  A b s e n c e  o f  re fe re n ce s  v a lu e  fo r  A ra b  cou n tries  (e x c e p t  recen tly , 

L eb a n ese  re fe ren ce , M a lo u f  et al., 2 0 0 0 ) fo rce s  us to  com p a re  ou r results 

w ith  U S A  an d  E u rop ea n  re fe ren ces  va lu e , w h ich  lim it the a ccu ra cy  o f  

th is com p a r ison .

c )  T h e  nutritional hab its are d e fin ite ly  p ro fo u n d ly  d iffe re n ce s  b e tw een  th is 

cou n try  and  U K  /  U S A  habits w h ich , c o n firm e d  the lim ita tion  o f  

co m p a r iso n  and  th is ca n  b e  attributed to  in ex is ten ce  o f  f o o d  c o m p o s it io n  

tab les  fo r  M id d le  E astern  cou n tr ies  lim it ou r ab ility  to  ex a m in e  c lea rly  

d ie t d iseases  re la tion sh ip s  and  co m p a r iso n s  be tw een  U K  /  U S A  habits.

d ) L ife s ty le  fa cto rs , in  particu larly  sty le  o f  c lo th in g  and  d w e llin g  lo ca t io n  

are a lso  p r o fo u n d ly  d iffe ren t b e tw e e n  Saudi fem a les  and  U K / U S A  

fem a les . T h ere fo re , the alternate co m p a r iso n  b e tw een  the resu lts ob ta in ed  

in  th is study and  oth er  resu lts ob ta in ed  fro m  severa l stu d ies  carried  ou t in  

U S A  o r  E u rop ean  cou n tr ies  are n o t  p rec ise ly  accurate w h ich  b e lie v e d  

that re co m m e n d a tio n s  o f  strategies nutritional experts  w o u ld  b e
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u n rea listic  f o r  p o p u la t io n  o f  S au di A ra b ia  o r  o th er A ra b  cou n tr ies . In  th is 

stu d y  o n e  th in g  m a d e  c lea r  that the w o r k  has fo c u s e d  o n  in ten s iv e ly  o n  

w o m e n  in  p o s t -  an d  p rem en op a u sa l ages.

T h e  stu dy  fo c u s e d  o n  in d ice s  o f  b o n e  health  and the fa c to rs  a ffe c tin g  

sk eleta l a ctiv ity  as d eterm in ed  b y  b o n e  m in era l den sity  (B M D ,g /c m 2 )  fr o m  the 

an terior -  p o s te r io r  lu m b a r sp in e  and  three sites o f  the le ft  fe m u r  and  b road ban d  

u ltrasou n d  attenuation  (  B U A  )  at the ca lca n ea l site in  b o th  g rou p s . A s  sh o w n  in  the 

resu lts , b o n e  hea lth  in d ice s  in d ica ted  a  h ig h  p re v a le n ce  o f  l o w  b o n e  m ass in  b o th  

a g e  g rou p s. T h e  p ercen ta g e  o f  w o m e n  c la s s ifie d  as o s te o p e n ic  an d  o s te o p o ro t ic  

a c co rd in g  to  W H O  criteria  (W H O , 1 9 9 4 ) a  tota l o f  5 2  %  o f  p ostm en op a u sa l and 3 7  

%  o f  p rem en op a u sa l w o m e n  w e re  o s te o p e n ic  at the lu m bar sp in e , an d  sim ilar  results 

w e re  fo u n d  fo r  th e  fe m o ra l n e c k  3 2  %  o f  p ostm en op a u sa l and  23  %  o f  

p rem en op a u sa l w a s  o s te o p e n ic . F o r  the ca lca n eou s  a lth ou gh  w e re  6 2  %  

p o stm en op a u sa l and  3 6  %  p rem en op a u sa l, w h o  w e re  o s te o p e n ic  and fo r  

o s te o p o r o t ic  ch a n g es  w e re  1 3 %  and  2  %  re sp ectiv e ly . O u r fin d in g s  are s im ilar to  

A rd a w i et al (2 0 0 5 )  w h ic h  th ey  fo u n d  the p rev a len ce  o f  o s te o p o r o s is  in  Saudi 

fe m a le s  ran ged  b e tw e e n  3 0 .5  -  4 9 .6  %  (e x c e p t  in  the age g rou p s 50  — 7 9  years), and 

a cco rd in g  to  A rd a w i rep ort the m ea n  v a lu es  fo r  the lu m bar sp in e  B M D  in  b o th  sexes  

(m e n  and  w o m e n ) o f  S au dis w e re  lo w e r  than  th ose  reported  p re v io u s ly  fo r  U S A  and 

n orth ern  E u rop ea n  p o p u la t io n  (M a z e s s  and  B arden , 1 999 ; M a z e ss  et al, 1990 ; 

K a r lsson  et al, 1 9 9 3 ; K ro g e r  et al, 1 9 9 2 ; L a itin en  et al., 1 9 9 1 ; L il le y  et al., 1 9 9 4 ; 

T ru sco tt  et al, 1 9 9 6 ; K r o g e r  and  L a itinen , 1 9 9 2 ; W e tz e l et al, 1 9 9 6 ; B u rg er  et al., 

1 9 9 4 ) and K u w a itis  (G o u g h e rty  and  A l-M a r z o u k , 2 0 0 1 ) w h erea s  s im ilar fo r  

L eb a n ese  fe m a le s  (  e x ce p t  lo w e r  in  the a g e  g rou p s  6 0  -  79  years ) .
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A  sim ilar fin d in g  to  A rd a w i reports  has o b se rv e d  in  o u r  stu dy  that there 

w a s  a  s ig n ifica n t p o s it iv e  a sso c ia tio n  b e tw e e n  b o d y  w e ig h t and  B M D  at a ll f iv e  

skeleta l sites, th e  lu m bar sp in e , the fe m o ra l n e ck , the fe m o ra l W a rd , the fe m o ra l 

T roch a n ter  and the ca lca n ea l. O u r study sh o w s  that the b o d y  w e ig h t  h ad  greater 

e f fe c t  o n  B M D  than the h e igh t. O u r resu lt a lso  in d ica te  that th ere  w a s  a p o s it iv e  

co rre la tion  b e tw een  the p h y s ica l a ctiv ity  and B M D ; h igh er p h y s ica l a ctiv ity  le v e ls  

a ssoc ia ted  w ith  greater b o n e  den sity . T h is  is  in  agreeab le  w ith  severa l p re v io u s  

stud ies (B o o t  et al.} 1 9 9 7 ; S lem en d a  et al, 1 9 9 1 ). N g u y e n  et al (1 9 9 8 )  rep orted  that 

the e f fe c t  o f  p h y s ica l a ctiv ity  o n  b o n e  lo s s  w a s  in d ep en d en t o f  a g e  and  b a se lin e  

B M D , but w a s  d ep en d en t o n  b a se lin e  w e ig h t and  w e ig h t ch a n g e . T h e y  e m p h a size  

that p h y s ica l a ctiv ity  le v e l h ad  an  e f fe c t  o n ly  in  th ose  w o m e n  w h o  lo s t  w e ig h t  and  in  

th o se  w ith  stab le  w e igh t, bu t n o t  in  w o m e n  w h o ’ s in creased .

It is im portant to  n o te  that in  th is stu dy  o b e s ity  w a s  c o m m o n  a m on g st 

w o m e n , w h ich  is  lik e ly  to  b e  r e fle c t iv e  o f  p o o r  p h y s ica l a ctiv ity  le v e ls  and  in crea sed  

e n erg y  intake. T h is  is  a  c o n ce rn  g iv e n  the co m p lica t io n s  a ssoc ia ted  w ith  o b e s ity  

su ch  as d iabetes  and co ro n a ry  heart d isease . P u b lic  health  strategies to  im p ro v e  

b o d y  w e ig h t ratios are req u ired  as a  m atter o f  u rgen cy . A lth o u g h  o b e s ity  is 

p ro te c t iv e  to  o s te o p o ro s is , as a  k e y  health  o u tco m e , further e ffo r ts  to  re d u ce  the 

p re v a le n ce  o f  o b e s ity  are u rgen tly  requ ired .

In  th is study, su n ligh t e x p o su re  w a s  v e iy  lo w  w h ich  is  r e fle c te d  in  the 

p o o r  v ita m in  D  status. S u n ligh t p la y s  an  im portan t r o le  in  p ro te ctin g  against v ita m in  

D  d e fic ie n cy . D ata  w o u ld  su ggest that short p e r io d s  (3 0 m in u tes  p e r  d a y ) o f  tim e  

e x p o s e d  to  su n ligh t w ith ou t w ea rin g  sun  p ro te ct io n  su ch  as su n -screen  and 

p ro te c t iv e  c lo th in g  is su ff ic e  to  m ain ta in  op tim u m  v ita m in  D  lev e ls .
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V ita m in  D  status and  ca lc iu m  intake in d ica te  the co n d it io n  o f  hea lth y  

b o n e . T h e  d e fic ie n c y  o r  in s u ff ic ie n c y  o f  v ita m in  D  in d u ce d  fran k ly  to  the 

m in era liza tion  o f  b o n e  m atrix . S ev ere  h y p ov ita m in os is  lea d s  to  rick ets  in  ch ild ren  

an d  its equ iva len t in  adu lt o s te o m a la c ia . M ild  to  m od era te  h y p o v ita m in o s is  D  cau ses  

s e co n d a iy  h yperparath yroid ism  an d  in crea sed  the r isk  o f  fracture, particu larly  

fe m o ra l n e ck  fracture (Y a re d  and  H a la b y , 2 0 0 1 ). T h e  resu lts p resen ted  in  th is study 

sh o w e d  that the v ita m in  D  d e f ic ie n c y  le ss  than 12 n g /m l w a s  p reva len t in  o u r  

p ostm en op a u sa l w o m e n  in  7 4  %  w ith  o n ly  2 6  %  h igh er than 12 n g /m l. W h erea s  in  

p rem en op a u sa l th e  d e fic ie n c y  w a s  8 2  %  le ss  than 12 n g /m l and  o n ly  18 %  are h igh er 

than  >  12 n g  /  m l.

It is  o b v io u s  that the c ircu la tin g  2 5 0 H D  le v e l w a s  m u ch  lo w e r  in  S au di 

fem a les  than  in  W estern  p o p u la tio n s . T h ere  w ere  n o  s ig n ifica n t d iffe re n ce s  b e tw e e n  

the m ean , n orm a l S au di m a les  and  fe m a le s  va lu e  (W o o d h o u s e  and  N o rto n , 1 9 8 2 ). 

T h e  d e fic ie n c y  o f  v ita m in  D  is  fr o m  p o o r  d ietary intake and  re d u ce d  synthesis o f  

v ita m in  D  b y  the sk in , a lth ou gh , the cou n try  is  a  sunny c lim a te  a ll the year. M ish a l 

(2 0 0 1 )  rep orted  that there w e re  n o  s ig n ifica n t d iffe re n ce s  b e tw e e n  v a lid  w o m e n  and 

w estern  sty le  c lo th in g  w o m e n  in  h is  stu dy  to  Jordanian  fem a les , th ere fore  and  

sim ilar to  the a b o v e  fin d in g s , in  ou r  study the e ffe c t  o f  c lo th in g  s h o w e d  a  tin y  e ffe c t  

b e tw e e n  v a lid  and n o n  v a lid  w o m e n , bu t it is  n o t that m u ch  o f  in flu e n ce  and  

d e fin ite ly  n ot the m ean  fa c to r  fo r  v ita m in  D  d e fic ie n cy .

T h e  data p resen ted  in  th is study fo r  f o o d  con su m p tio n  rev ea led  that the 

co n su m p tio n  o f  f o o d  g rou p s  3 and  4  (m ea t p rod u cts  and d iary  p ro d u cts ) are qu ite  

s im ilar  to  the w estern  cou n tr ies  as w e l l  as fo r  p ostm en op a u sa l and  p rem en op a u sa l 

w o m e n . In  the f e w  last years, the w o r ld  trend is  in creased  to  d e v e lo p  e ff ic ie n t  and 

p r e c o c io u s  strategies in  the p re v e n tio n  o f  o s te o p o ro s is  b y  en cou ra g in g  p e o p le  in  the
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early  stages to  in take regu la rly  an d  in  adequ ate am ounts th e  im portan t n ecessa ry  

m in era ls  and  v itam in s.

In  th is g rou p  o f  w o m e n , m ilk  co n su m p tio n  w a s  lo w  and  w a s  a ssoc ia ted  

w ith  h igh er b o n e  resorp tion . F urtherm ore, a  h ig h  intake o f  fru it an d  v eg e ta b les  w e re  

n eg a tiv e ly  a ssoc ia ted  w ith  b o n e  fo rm a tio n  m arkers and  in  p rem en op a u sa l w o m e n  

w a s  a ssoc ia ted  w ith  h ig h er  b o n e  m a ss  at the ca lca n ea l site. N utrien ts in c lu d in g  

v ita m in  C  and p ota ss iu m  w e re  a lso  a ssoc ia ted  w ith  im p rovem en ts  in  b o n e  in d ice s . 

It is  im portant to  n o te  that the nutrient data sh ou ld  b e  treated w ith  s o m e  ca u tion  

s in ce  a fu ll nutrient c o m p o s it io n  database w a s  n o t  ava ilab le  f o r  th e  nutrient in take 

analysis.

Areas for future research

O n  th is s igh t and  a c c o r d in g  to  the a b o v e  ca ses , m o r e  w o rk  is  u rgen tly  

n e e d e d  in  th is d om a in . Future resea rch  ideas in c lu d e

a ) M o r e  research  is n e e d e d  to  d eterm in e  th e  p rev a len ce  o f  o s te o p e n ia  and 

o s te o p o ro s is  in  e v e ry  c ity  a cro ss  th e  cou n try  fo r  b o th  sex es  in  a ll age  stages.

b )  M o r e  research  is  n e e d e d  to  stu d y  the in flu en ces  o f  habitual n utrition  o n  b o n e  

health.

c )  M o r e  research  is  n e e d e d  to  e x a m in e  the in flu en ce  o f  nutrients in c lu d in g  

ca lc iu m  and v ita m in  D  as w e l l  as o th er nutrients w ith  s p e c i f ic  re fe ren ce  to  

im p ro v in g  the v ita m in  D  status o f  the p op u la tion .

d )  T h e  lon g -term  re la tion sh ip  b e tw e e n  m easu res o f  b o n e  m a ss  in  a d u lth ood  and 

b o n e  health  in  o ld  age .

e )  T h e  lon g -te rm  stu dy  fo r  c h ild h o o d  nutritional intake and  the e ffe c t  o f  th ose  

nutrition  o n  p ea k  b o n e  in  o ld  age .
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f )  T h e  f o o d  con su m p tio n  tab le  and  m easu rem en t o f  f o o d  p o r t io n  s ize .

g )  L a rge  sca le  c ro s s -s e c t io n  stu dy  to  determ in e the m o s t  fractures b o n e  in  o ld  a g e  

an d  y o u n g  age.
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Measures the level of vitamin D, Calcium and Bone density in Saudi Women
S cie n tific  research  w ill b e  d o n e  b y  K in g  A b d u l A z iz  U n ivers ity  

in Jeddah &  Surrey U n ivers ity  in U K

A p p e n d i x  I- Chapter 2

Research Aim

T o  fin d  ou t the leve l and the cau se  o f  

O s te o p o ro s is  d iseases in Saudi W o m e n . 

Dear Lady

D o  y ou  k n o w  w hat is O s te o p o ro s is  d isea se?

O s te o p o ro s is  is a d isease  o f  p ro g re ss iv e  b o n e  
lo ss  a ssoc ia ted  w ith  an in creased  risk  o f  
fractures. It literally  m eans 
“Porous bone” w ith  n o  sy m p tom s or  

d is co m fo r t , until a fracture o ccu rs .

O s te o p o ro s is  o ften  cau ses a lo ss  o f  height 
and d o w a g e r ’ s hum p (a  sev ere ly  rou n d ed  
u pper b a ck )

T here  are o n e  in 3 w o m e n  o v e r  55  years w ill 
sustain  b o n e  fractures due to  O s te o p o ro s is .

M a n y  o f  these are pa in fu l fractures o f  the 
H ip , sp in e , w rist, arm  and leg .
T hat o ften  o ccu rs  as a result o f  a fa ll.

D e a r  M a d a m

I f  y ou  w ish  to  participate at this S c ie n tific  
research  abou t O s te o p o ro s is  
It w ill b e  a great b en e fit  to  all w o m e n  in 

ou r com m u n ity .

W h at w e  ask fro m  y o u  M a d a m  
o  P lease w rite  y o u r  nam e and y ou r  

te lep h on e  n um ber.
(All names and telephone No.

will be secure and very restricted)

and w e  w ill ca ll o n  y o u  fo r  
appoin tm en t to  c o lle c t  sam ples o f  
b lo o d  and urine and to m easure y ou r  
b on e  density .

o  W e  w ill ask  o f  y o u  M ad am :
• Fasted b lo o d  sam ple.
• S in g le  urine sam ple  2nd  

m orn in g  fro m  8-11 am .
o  W e  w ill n eed  to  m easure y ou r  

b o n e  d en sity  b y  sp ecia l m a ch in e  
ca lled  D X A  it w ill take a fe w  
m inutes fro m  y ou r  tim e.

I agree to participate in this research
N a m e: T e le p h o n e  N o .:

Remarks: Signature :

T h e  c o s t  o f  t h e  a n a l y s i s  a n d  x * r a y  a r o u n d  2 5 0 0  S .R .  U n i v e r s i t y  w i l l  a b s o r b  a l l  
e x p e n s e s .  T h a n k  y o u  f o r  y o u r  p a r t i c i p a t i o n s  a n d  c o o p e r a t i o n ,  w h i c h  m a k e  u s  
a c h i e v e  o u r  g o a l  t h a t  w i l l  h e l p  o u r  c o m m u n i t y .
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Diet a n d  Lifestyle Questionnaire

Dear participant in this scientific research about Osteoporosis:

Thank you for agreeing to participate with us to know the causes of this disease 
in our community.

Please fill in with me this questionnaire about your personal history, physical 
activity, life style, medical information and food intake.

Section One Personal

First: W h a t is  y o u r  a g e ?

Second: W h at is  y o u r  o c cu p a t io n ?

Third: W h a t is  y o u r  H u sb a n d  o c cu p a tio n ?

Forth: W h e re  d o  y o u  l iv e ? V ila A partm en t C otta g e

Fifth: W h at is  y o u r  le v e l o f  ed u ca tion ?

P rim ary  s c h o o l S e co n d a ry  s c h o o l U n ivers ity  degree H ig h er  ed u ca tion

3 1 3



Section Two Physical Activity and Life Style

First: D o  y o u  s m o k e ?
Y e s N o

( i f  y o u r  answ ers y e s  w h a t k in d  d id  y o u  
s m o k e ? )

C igarettes H a p ly  b u b b ly  
M o a s s e l

H a p ly  b u b b ly  
Jurrak

M o r e  s p e c ify

D a ily  u se D a ily  u se D a ily  u se D a ily  u se

Second: P lease  te ll u s  h o w  d o  y o u  c o v e r  y o u r s e lf  w h e n  y o u  g o  o u t?

A l l  v e ile d Part v e ile d N o t  v e ile d

Third: H o w  lo n g  d o  y o u  sp en d  ou t s id e  in  the sun ligh t p er  d a y ?

L ess  than 15 
m ints.

15
m ints.

3 0
m ints.

1
H rs.

1 -2
H rs.

3 -4
H rs.

5 -6
H rs.

Forth: H o w  lo n g  d o  y o u  p ra ctice  any  o f  the fo l lo w in g  activ ities  
o n  a  w e e k ly  b a s is ?

A c t iv ity H ou rs
W a lk in g 1 - 2 - 3
J o g g in g 1 - 2 - 3
C y c lin g 1 - 2 - 3
S w im m in g 1 - 2 - 3
A e r o b ic s 1 - 2 - 3
O th er ’ s 
P lea se  s p e c ify

1 - 2 - 3

3 1 4



Section Three Medical Information

First: H o w  o ld  w ere  y o u  w h e n  y o u r  p e r io d s  started?

Second: Is there a  gap  o f 25-35 d ays b e tw e e n  the start o f  ea ch  
p e r io d s?

Y ea rs

Y e s N o N o t  sure

Third: H a v e  y o u r  p e r io d s  e v e r  s to p p e d  f o r  lo n g e r  than 
m on th s fo r  rea son  oth er than p re g n a n cy ?

Forth: H o w  m an y  tim es h a v e  b e e n  pregnant
(In c lu d in g  m isca rria ge , term in ation s S tillb irths)

Fifth: H o w  m an y  p regn a n cies  h a v e  resu lted  in  
the birth  o f  liv e  c h ild ?

Y e s N o
six

Sixth: H ave y o u  ev er  b ro k e n  o r  fractured  any  b o n e ?

Y e s N o N o t  sure

I f  y o u r  an sw er Y E S  p lea se  g iv e  u s m o re  d eta iled  in  the n ex t sch ed u le

N a m e  o f  b rok en  
b o n e

Y o u r  a g e  w h en  
It's b ro k e

H o w  d id  it h a p p en ?  
F all, C ar a cc id en t, 
S port in c id en t
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Seventh: H a v e  an y  o f  y o u r  fe m a le  re la tive  ev er -su ffe red  fractured  o r  b ro k e n  h ip s?

R e la tiv e s Y e s N o D o  n o t  k n o w

M o th e r

G ra n d m oth er

A u n t

S ister

C o u s in

O thers

Section Four Dietary Intake

First: Intake of milk.

1) H o w  m a n y  g la sses  o f  m ilk  d o  y o u  drin k  during  the d a y  in c lu d in g  m ilk  u sed  
in  tea  o r  c o f f e e , c h o co la te , cerea ls , sw eet drinks e tc .?

(P lea se  c h e c k  o n e  b o x  o n ly )

R a re 1 g lass 2  g la ss 3 -4  g lass 5 -6  g lass 7  <  g lass

2 )  W h a t k in d  o f  m ilk  d o  y o u  u se ?

F u ll fa t m ilk S e m i sk im m ed  
m ilk

S k im m e d
m ilk

O thers
(e .g . co n d e n se d )

O thers la n d s

3 1 6



3 )  Is th is m ilk F resh

L o n g  li fe

D ried

u su a lly ?

Second: Intake of milk products

H o w  m a n y  tim es a  d a y  /  w e e k  d o  y o u  eat th e  fo l lo w in g  m ilk  p ro d u cts ?

1) Y o g u r t

2 )  C rea m

3 ) Ice -c re a m  (a ll k in d s)

4 )  H ard  ch e e se

5 ) S o ft  ch e e se

6 ) M ilk  B a se d  P u d d in g ,
e .g . C ustard

A  d a y A  w e e k F ortn igh t R are

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

Third: Intake of eggs

1) H o w  m a n y  e g g s  d o  eat p e r  day  /  w e e k ?
(N u m b e r  o f  e g g s  d o e s  y o u  u su a lly  eaten  e a ch  w e e k ) 

(B o ile d , p o a ch e d , fr ied , and scra m b le d )

A  day 0 1 2 3 4 5 6 7 8 9 10 <

A  W e e k 0 1 2 3 4 5 6 7 8 9 10 <

( i f  y o u  d o  n o t  eat e g g s  p lea se  c h e c k  0 )

2 )  H o w  m an y  e g g s  in  b a k ed  d ish es  d o  y o u  eat ea ch  day  /w e e k ?
(e .g . flan s, q u ic h e s .. .e t c .) ( In  sw e e t  e .g . s o u ffle s , e g g  custard, c re m e  ca ra m el)

A  d a y 0 1 2 3 4 5 6 7 8 9 10 <

A  W e e k 0 1 2 3 4 5 6 7 8 9 10 <
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H o w  m a n y  tim es a  d a y  /  w e e k  d o  
y o u
u su a lly  eat a  p o r t io n  o f  the 
fo l lo w in g ?
Fatty fish  (sa lm on , tuna, sard ines)

Fifth: Intake of cereals

H o w  m a n y  tim es  a  d a y  /  w e e k  d o  y o u  eat th ese  d iffe ren t typ es  o f  ce re a ls?

Forth: Intake of fatty fish

1 ) P orr id ge

2 )  B ran  fla k es

3 ) A l l  B ran , W h ea t B ran

4 )  C o m  fla k es , N u tri-gra in ,
S p e c ia l K

5 ) U n sw eeten ed  m u e s li,

W ee ta b ix ,

S h redded  w h eat

6 ) C o c o -p o p s , c ru n ch y  nut co rn fla k es , f fo s t ie s , r ic ic le s , sugar p u ffs . E tc.

Sixth: Intake of butter, margarine and oil

1) W h at k in d  o f  fa t d o  y o u  m o s t  o fte n  u se ?

T y p e B ra n d  N a m e
1 B utter

2 S o ft  m argarine

3 V e g e ta b le s  o i l

2 )  H o w  d o  y o u  n orm a lly  use it?

A  d a y A  w e e k F ortn igh t R are

1 -2 -3
1 -2 -3 -4 -5 -6 -7

1 -2 -3
1 -2 -3 -4 -5 -6 -7

1 -2 -3
1 -2 -3 -4 -5 -6 -7

1 -2 -3
1 -2 -3 -4 -5 -6 -7

1 -2 -3
1 -2 -3 -4 -5 -6 -7

1 -2 -3 1 -2 -3 -4 -5 -6 -7

A  d a y A  w e e k F ortn igh t R are

1 -2 -3 1 -2 -3 -4 -5 -6 -7
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T h ick ly A v e r a g e T h in ly

H e a v y M e d iu m L igh t

3 )H o w  m a n y  tim es a  d a y  /  w e e k  d o  y o u  u se  it?

1 ) B utter 
(P lea se  g iv e  bran d

n a m e and  ty p e )

( >

2 )  S o ft  m argarine 
(P lea se  g iv e  b ran d

n a m e  and  ty p e )

( )

3 )  V e g e ta b le s  o i l  
(P lea se  g iv e  bran d

n a m e  and ty p e )

(  )

S e v e n th : I n ta k e  o f  h o t  a n d  c o ld  b e v e r a g e s

A )  H o w  m a n y  cu p s  o f  c o f f e e  d o  y o u  h a v e  a  day

1 T urk ish  c o f f e e
C u p s

2 N e s ca fe
C u p s

3 D e ca ffe in a te d  c o f f e e
C u p s

B )  H o w  m a n y  cu p s  o f  tea  d o  y o u  h a v e  a  d a y

1 R e d  tea
C u p s

2 G reen  tea
C u p s

3 M in t tea
C u p s

A  d a y A  w e e k F ortn igh t R a re

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7

1 - 2 - 3 1 - 2 - 3 - 4 - 5 - 6 - 7
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C )  H o w  o fte n  a  d a y /w e e k  d o  
y o u  drin k  natural fru it ju i c e ?

D )  H o w  o fte n  a  d a y /w e e k  
d o  y o u  drin k  c o la  drin ks 
an d  oth er  ca ffe in e  con ta in in g  
d r in k s?

E ) A r e  th ese  drink  u su a lly ?

A  day A  w e e k F ortn igh t R a re

1 -2 -3
1 -2 -3 -4 -5 -6 -7

1 -2 -3
1 -2 -3 -4 -5 -6 -7

D ie t N o rm a l

Eights: Intake of vitamin and mineral

1) A r e  y o u  tak ing  any v ita m in  o r  m in era l?

Y E S N O

I f  y e s  p lea se  g iv e  u s  th e  deta ils

T y p e B rand F req u en cy

Ninth: Intake of salt

1 ) H o w  m u ch  salt is  a d d ed  to  
y o u r  f o o d  o n  c o o k in g ?

2 )  H o w  m u ch  salt d o  y o u  a d d  to  
y ou r  f o o d  o n  the p la te ?

A  lo t A  little N o n e
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Tenth:

1) Are you on a special diet?

1 N o

2 S lim in g  d ie t  y o u  d e c id e d  f o r  y o u r s e lf

3 S lim in g  d iet p rescr ib ed  b y  y o u r  d o c to r

4 C h o le s te ro l lo w e r in g  d iet

5 V egeta r ia n  (bu t d o e s  eat m ilk  &  m ilk  p ro d u cts )

6 V egeta r ia n  (d o e s  n o t  eat any  an im al p rod u cts  at a ll)

2 )  H o w  lo n g  h a v e  y o u  b e e n  o n  y o u r  d ie t? Y ea rs M o n th s

32.1



P U B L I C A T I O N

3 2 2



K h o ja , S . O ., K h a n , J. A . ,  M a im a n i, A .  R . an d  N e w , S . A .  (2 0 0 2 ) . In d ices  o f  b o n e  
health  an d  life s ty le  ch aracteristics  in  p rem en op a u sa l and  p o stm en op a u sa l Saudi 
A ra b ia n  w o m e n : P ro ce e d in g  o f  th e  N u tr ition  S o c ie ty  6 1 , 1 1 2 A .

K h o ja , S. O ., K h an , J. A . ,  M a im a n i, A . R . and  N e w , S . A . (2 0 0 3 ) . L im ited  su n ligh t 
e x p osu re  in  S au di A ra b ia  w o m e n : e f fe c ts  o n  b o n e  health  in d ice s . 5 th International 
sy m p o s iu m  o n  N u trition a l A s p e c ts  o f  O s te o p o ro s is . [P oster]. L au san n e /S w itzerla n d , 
M a y  14 -1 7

K h an , J. and  K h o ja , S . O . (2 0 0 3 ) . N u tr ition  and b o n e  h ealth  in  M id d le  E astern  
w o m e n . In: N e w , S . A . and  B o n jo u r , J. P . (e d s ) . N u trition a l a sp ects  o f  b o n e  health . 
T h e  R o y a l S o c ie ty  o f  C hem istry . U K . 5 2 7 -5 4 4 .

K h o ja , S . O ., K h an , J. A . ,  N e w , S . A . (2 0 0 4 ) . A ssessm en t o f  f o o d  “ qu a lity ”  in  Saudi 
A ra b ia n  p rem en op a u sa l and  p os tm en op a u sa l w o m e n : im p lica t io n  fo r  b o n e  health . 
P ro ce e d in g  o f  the N u trition  S o c ie ty  6 2 , 5 7 A .

K h o ja , S. O ., K h an , J. A . ,  M a im a n i, A .  R . and  N e w , S. A .  (2 0 0 4 )  A b s e n c e  o f  m ilk  in  
th e  d iet is  a ssoc ia ted  w ith  h ig h er  b o n e  resorp tion  in  p ostm en op a u sa l Saudi A ra b ia n  
w o m e n . P ro ce e d in g  o f  T h e  N u tr ition  S o c ie ty  6 3 , 1 3 0 A .

K h o ja , S . O . K h an , J. A . and N e w , S . A .  (2 0 0 5 ) . D eterm in a tion  o f  the intake o f  k e y  
m acron u trien t and  m icron u trien t in  S audi A ra b ia n  p ostm en op a u sa l and 
p rem en op a u sa l w o m e n . P ro ce e d in g  o f  T h e  N u trition  S o c ie ty  (In  th e  p ress).

3 2 3




