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WATER FLUORIDATION AND OSTEOPOROTIC HIP FRACTURE 

by Sharon Lee Hilher

Ecological studies suggest a positive association between water fluoridation and hip fracture 

incidence. However, few studies have been performed to relate water fluoride content to hip 

fracture risk in individuals. This issue was addressed in a case-control study of hip fracture

The study was located in the county of Cleveland, comprising three districts: Hartlepool 

(natural fluoride l-2ppm) Middlesbrough and Stockton (fluoride 0.15ppm). In each district all 

patients aged 50 years and over who had sustained a fracture of the proximal femur and able 

to pass a mental test score were interviewed. Controls were selected horn general practice 

listings for the county. Information on risk factors was obtained using a structured 

questionnaire. Cumulative exposure to fluoride in water was estimated from a residential 

history, and data on fluoride content of water supplied by local water companies. Excised 

femoral heads were collected from cases who had undergone surgery. The fluoride content of 

the bones were ascertained and used as a biological marker for fluoride exposure.

The study comprised 424 cases and 281 controls. Independent risk factors for hip fracture 

included body mass index (OR 3.1, 95% CI 2.0 - 4.8, lowest v. highest third of distribution); 

recent physical inactivity (OR 6.3, 95% CI 3.8 - 10.5); diagnosis of rheumatoid arthritis (OR 

2.3 95% CI 1.1 -5.1) and age at menarche (OR 1.8 95% CI 1.1 - 3.0, 15 years or older v. 13 

years or younger). After adjusting for age, sex and these variables, there was no increase risk 

of hip fracture associated with lifetime exposure to fluoride in water (OR 0.6, 95% CI 0.4 - 

1.0). Water Suoride was associated with higher fluoride in the femoral heads

In conclusion, no increase in the risk of hip fracture was observed with water fluoride at 

levels of up to 2 ppm.
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Section A : Forward

Outline of thesis

This thesis describes a case-control study set up to investigate the relationship between water 

fluoride and osteoporotic hip fracture Caries reduction by water fluoridation has been one of 

the most celebrated public health measures. However, there have been concerns about the 

effect of fluoride on bone health, and in particular on osteoporotic hip fracture. The thesis 

starts by outlining the history of water fluoridation. It then describes the anatomy and 

physiology of bone, and the clinical and pathological features of osteoporosis. Next the 

epidemiology of osteoporosis, osteoporotic fracture, and particularly osteoporotic hip fracture 

is reviewed. This is followed by a discussion of the pharmacokinetics of fluoride and its 

relation to bone. I then discuss the literature so &r published on the relationship between 

water duoridation and osteoporotic hip fracture. Section C is concerned with the methodology 

of the case-control study and this is followed by a description of its hndings and a discussion 

of their implications.

The main aim of the study was to investigate whether fluoride in drinking water at the level 

advocated for prevention of tooth decay (Ippm) increases the risk of osteoporotic hip fracture 

and also whether exposure to water containing fluoride at this level increases the fluoride 

content of the femoral head. In addition, various potential confbunders were assessed so that 

they could be accounted for in the analysis, and it was therefore possible also to investigate 

these variables as risk factors in their own right. The risk factors in question were body mass 

index, physical inactivity, calcium intake, previous fracture, previous stroke, diagnosis of 

rheumatoid arthritis, female reproductive variables and current medication.



Practicalities
I startedthisPhD in November 1994 and duringthefirst yearwas concemedwithundertaking 

a literature review, and deciding on the detailed methodology and the study's location. Once 

(:level(mdhai<ibee:n selected asthe study area, the local orthopaedic consultants, Tees Health 

Authority and local general practitioners were invited to participate in the study. I undertook 

a trial run of the methods of data collection in the summer of 1995. It was then possible to 

start the main data collection in November 1995 after a research nurse, Lisa Madhok, had 

been appointed and trained. I visited Cleveland for a number of days each month to ensure 

everything ran smoothly and to assist with the data collection. In addition, I undertook the 

administrative support of the project from Southampton. At the beginning of the second year 

It was possible to appoint Gill Smith, a second research nurse. I was lucky to have excellent 

research nurses, very helpful ward staff and co-operative subjects.

Due to the time limit imposed by my funding, it was decided to use the data collected over the 

first 17 months for this thesis. Data entry was completed by staff at the MRC Environmental 

Epidemiology Unit for which I am very grateful. I validated the data and coded the addresses 

for fluoride exposure using programs written by Leslie Styles, computer programmer MRC 

The data was cleaned and prepared for analysis with the help of Sam Kellingray, statistician 

MRC Sam was able to teach me how to use the statistical package, STATA, so that I was 

able to complete most of the routine analysis myself and she made herself available when 

problems arose and difficult analyses were needed.

Of course throughout this process my tutors; Professor David Coggon and Professor Cyrus 

Cooper provided advice and support.
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Stcdon]3:IkK*graund

B.L Water Fluoridation

The history ofwater huondation dates to 1901 when Dr Frederick McKay arrived in Colorado 

Springs, Colorado, USA to |)racliseHC^tlK]d()ntics.]Hk;!W)C«i nrrdcxxithat many ofhis patients had a 

permanentstain on theirteeth, whichhe termed'^ottled enamel". This was described as. minute 

v/hitejae(^cs,(M'yT3Uo\vofbr()vrn spotsorareas, scatteredirregularly or streakedover the sur6ceof 

atocdi^oraccfidrdcaiAAdiere the entiretooth surfaceis ofa dead paper-white, likethe colourofa 

china dish' (McKay, 1916) McKay 6i]ed to hnd any reference to this condition in the dental 

literature and thus became intrigued as to its cause.

As McKay worked hard to increasethe prohleofthe abnormality, it became apparent that many 

areas of the USA were similarly agected. As the circumstantial evidence built up, it seemed 

unlikelythat diet was to blame, as mottled teeth occurred in both poor and wealthychildren. An 

unidentified agent in the water seemed a possible candidate, as there had been several communities 

who had been free ofthe condition behrre they altered their water supply. The first analysis of 

water in anagected area was carried out byan aluminium company who wereworried that thdr 

aluminium ware for cooking could be to blame. They found an unusually high duoride 

concentrationofl3.7ppm (partsper million) inthewater supplyingthetownofBauxite where the 

young children had badly stained teeth Samples of water were analysed from other endemic areas 

of mottled enamel and the fluoride concentrations ranged horn 2 0ppm to 12.0ppm

It was emphasised at this point that no correlation between fluoride content of water and mottled 

enamel had been established. The confirmation came horn subsequent rat experiments. Rats were 

fed with water horn an endemic area, which had been concentrated to one tenth of its original 
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volume, and within a month the enamel was 'strikingly dull, white in appearance and pitted' (Smith 

and Smith, 1931). A further experiment was carried out, this time the rats were fed with a solution 

of sodium fluoride and similar defects in enamel developed. The water from the endemic area was 

analysed and found to have a fluoride concentration which ranged fi"om 3.8-7.2ppm

McKay noted during his early studies that mottled teeth had a caries rate no higher than normal 

teeth. However, a study conducted for the Dental Disease Committee of the Medical Research 

Council in England and Wales found that children living in Maldon, which had a concentration of 

4.5-5.Oppm of fluoride in the water, had a lower prevalence of dental caries than the national 

average. This development provoked such interest that in 1931 Dr H. Trendley Dean was 

employed to pursue full-time research on mottled enamel in America. To test further the hypothesis 

that an inverse relationship existed between endemic dental fluorosis and dental caries, two studies 

were carried out. The larger investigation examined 7257 12-14 year old children fi-om 21 cities in 

four states of America and the results are shown in Figure B. 1.1

Figure B.1.1: Fluoride content of water supply and caries of experience of 12-14 year old school

children (7,257) in 21 American cities (Dean et al., 1942).

1200

1000

0.5 2.5 3

Fluoride concentration of drinking water (ppm)
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The results depict with clarity the negative ecological association between duoride concentration in 

the drinking water and caries prevalence in the population. Furthermore, this study showed that 

near maximal reduction in caries experience occurredat aconccaitnthcMiof Ippm duoride. At this 

concentration, duoride caused only sporadic instances of the mildest forms of dental duorosis of no 

practical aesthetic significance (Dean g/ a/., 1942).

Thisdndingwascondrmedin theUK bg/aistu^lyi^/hiche)wuTurM)d 1000 duldren oneachsideofthe 

River Tyne. South Shields had a duoride concentration of 2ppm as compared with 0.25ppm in 

North Shields. It was reported that the mean count of decayed missing and filled teeth (dmA) in 5 

year old children was 3.9 in South Shields and 6.6 in North Shields; the comparative dgures for 12 

year old dhUdren were 2.4 and 4.3 dmA.

The duoridation story now entered its Anal phase. The crucial step was to see if dental caries could 

be reduced in a community by adding duoride at Ippm to a duoride-deAcient water supply. After 

condrmation in deld and laboratory studies that this concentration was the best for caries control 

and well within the apparent limits of safety (Moulton, 1942), it was decided that Grand Rapids, 

Michigan would be the experimental town and Muskegon the control town. Baseline studies 

showed that caries experience in the two towns was similar. On 25 January 1945 sodium duoride 

was added to the Grand Rapids water supply. After six and a half years of water duoridation the 

results were clear the caries experience of 6-year-old Grand Rapids children was almost half that 

of 6-year-old Muskegon children. At this point Muskegon decided to duoridate its waters (Arnold 

g/oZ, 1953)
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Since 1962,the"optima]" concentrahonofBuorideindnnking waterfcNTtheUnitedStates hasbeen 

set at 0.7-1.2ppni, dq)ending on the mean temperature of the locality (0 7ppm for areas with warm 

climates, where the water consumption is high and 1.2ppm for cool climates A^ere the water 

consumption is low). This range was considered optimal as it provided a balance between 

prevention of dental caries and occurrotce of objectionable dental fluorosis (National Research 

Council, 1993).

In 1952, the British Government sent a missionto theUSA and Canadato study fluoridation in 

operation. The mission concluded that fluoridation of water supplies was a valuable health measure, 

but recommended that in this country huoride should be added to the water supplies of some 

selected communities before its general adoption was considered (Pleport of United Kingdom 

Mission, 1953). The selected communities were Watford, Kilmarnock and part of Angles^. 

Fluoride was ackledtotfwedruikingw^rkarin theseareas in 1955-1956. The results after hveyears 

showed that fluoridation was ahighly elective method ofre(lucing;(lerAaI decay (Dq)artment of 

Public Health and Social Security, 1962).

Currently over 5 million people in the UK receive water whose huoride content has been artibcially 

supplemented to the optimum level for dental health purposes of around Ippm, or whose naturally 

occurring fluoride content is at this concentration. In addition about half a million people receive 

water with fluoride levels between 0.7 and 0.9ppm and a further 2.2 million people have water 

supplies with a fluoride concentration between 0.3 and 0 7ppm. The remaining m^ority (47 

million) receive water with a fluoride concentration less than 0.3ppm. Figure B 1.2 and Table B. 1 1 

summarise the current fluoridation status of England and Wales.
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Figure B.1.2. Areas of England and Wales where 50 percent or more of the population receive 

water with a fluoride concentration of at least 0.9ppm. Refer to Table B.1.1. for description of 

areas.
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Table B.Tl. Areas of England and Wales wha^e 50 percent or more ofthe population receive 

water with a Auoride concentration of at least 0.9ppm (Public Health Alliance and Britidi

FluoridationSociety, 1994).

Ref.
Ho.'*

Location Total 
population

Percentage of 
the population 

exposed

Year fluoridation 
scheme initiated

1 Hartlepool 92,000 100 N/A 
Natural 
fluoride

2 West Midlands 5,236,363 65 1964-1991*

3 Gateshead 207,000 100 1968
—

4 Newcastle 277,600 100 1968

5 Scunthorpe 199,300 67 1968/69* 1

6 North Durham 223,000 57 1968 1

7 North Tyneside 192,900 50 1968

8 West Cumbria 137,640 87 1969/71*

9 North Bedfordshire 253,780 76 1972

10 Lincolnshire 318,300 76 1980/91* 1

^Refer to FigureB.1.2 * Fluoridationschemeswere initiated cn/ersweveralyearsin theseareas

Dei^e theapparent success ofwater fkioridation inreducing the incidence ofdental canes, the 

measure remains controversial. Some people believe that Buoride at levels of Ippm can cause 

severe dental fluorosis which may lead to psychological problems Assertions have been made that 

fluoridation k related to sloekAtd auorosis,osteopomtic&actures, cancer andarthrihs. The balance 

ofevidence suggests nolink with canceror arthritis(NationalResearch Council, 1993). However 

its relation to fracture is less certain. This possible association is of special concern as osteoporotic 

Bactures are an increasing problem with high attributable morbidity and cost.

Before considering the epidemiological evidence on osteoporotic &acture and fluoride in 

water it is helpful first to review the anatomy, physiology and biochemistry of bone and the 

pathology and epidemiology of osteoporosis and osteoporotic fracture

10



B.2. Bone:

Introduction:
The skeletal system is made up of just over 200 bones, joined together to provide a strong 

movable living framework for thebody. It fulfils four mainfunctions: it supports and protects 

the surrounding soft tissues and organs; it acts as a leverage system to which muscles and 

tendons can attach; it provides a storage system for mineral salts, particularly calcium and 

phosphate; and it manufactures blood cells in the red bone marrow.

i. Histology and anatomy:
Bone is a composite tissue whose properties, both mechanical and metabolic, closely depend 

on its structure and composition (Bonucci, 1989). There are four main components: Osteoid 

which is composed of collagen (95%), hyaluronic acid and chondroitin sulphate; amorphous 

calcium phosphate; osteoblast, osteoclast and osteocyte bone cells; and bone marrow.

The osteoid is arranged in the form of a matrix which provides the bone's tensile strength. The 

calcium and phosphate mineralises the matrix, giving the bone both compressive strength and 

rigidity. Mineralisation is achieved by amorphous calcium phosphate forming apatite crystals, 

which become orientated along collagen molecules and produce hydroxyapatite. A layer of 

water, the hydration shell, is bound to the surface of the crystals.

Osteoblasts are of uniform size and have a high concentration of intracellular alkaline 

phosphatase. Their function is to synthesise and secrete the organic matrix and to promote 

mineralisation. Osteocytes are osteoblasts that have become trapped in the bone matrix that 

they have produced. Osteocytes were once considered to be relatively inactive but, as they 

show changes with varying levels of parathyroid hormone and calcitonin, it is now thought 

that they play an Important role in maintaining constant levels of calcium in body fluids (Woolf 

and Dixon, 1988).
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Osteoclasts are highly mobile cells which vary greatly in size. They are responsible for 

resorption of bone in the remodelling process (see below). They have a high concentration of 

intracellular acid phosphatase and other enzymes that are concerned with lysis.

Bone marrow is one of the large organs of the body and the main site of haematopoiesis. It is 

found in the medullary canals of long bones and in the cavities of trabecular bone. The marrow 

is a gelatinous material which is highly organised and complex. It comprises the precursors of 

the erythrocytes, lymphocytes, megakaryocytes, granulocytes and monocytes of the 

peripheral blood. The main functions of bone marrow are the production of blood cells, 

destruction of red blood cells, and storage of iron derived from the breakdown of 

haemoglobin.

Different types of bone:

There are three types of bone; woven, cortical and trabecular. Woven bone is the hrst bone to 

appear in embryonic development and in the repair of h^actures. The bone is usually more 

cellular and the lacunae in which the osteocytes reside are not as flattened as they are in 

mature bone. Immature bone is usually replaced but some may persist, especially near tendon 

insertions and ligament attachments.

Cortical bone forms the outer layer of all bones. It is found in the shafts of long bones where 

it encloses the marrow cavity and in the outer and inner parts of flat bones. Cortical bone has a 

role of support and is compact and very hard. The bone has a very regular, organised 

structure. Each unit is known as an Haversian system or 'osteon' and consists of an Haversian 

canal which contains an arteriole, venule, capillary and nerve, around which concentric layers 

of bone called lamellae form. Osteocytes lie within groves in the lamellae, called lacunae, and 

adjacent osteocytes communicate via systems of microcanaliculi. Figure B2l illustrates the 

structure of cortical bone .
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Figure B.2.1 The structure of cortical bone (Hinchliff and Montague, 1988)

Vollcmann's canals

Interstitial lamellae

Haversian rA-nAl-s

Haversian system (osteon)

Trabecular bone is hard Uke all bone, but has a spongy appearance to the naked eye. The 

spaces in spongy bone are filled with red bone marrow. It is found in vertebrae, flat bones and 

at the end of long bones. This bone also contains Haversian systems although there are fewer 

of them. Trabecular bone is more metabolically active than cortical bone. Figure B.2.2. 

illustrates the structure of trabecular bone.

Figure B.2.2 The structure of trabecular bone (Hinchliff and Montague, 1988)

Trabecula

Osteocyte

Osteoblast

Cavity

Blood vessel
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Blood supply to bone:

Bone is a metabolically active tissue with a rich blood supply. Approximately 20% of the 

cardiac output is delivered to the skeleton in the resting human (Charkes et al., 1980). The 

pathway of nutrients from the blood into the bone is illustrated in figure B.2.3

Figure B.2.3: Diagrammatic representation of the blood supply to bone (Hinchliff and

Montague, 1988)

Estracdlular fluid

Osteoblasts and 
osteocytes

Bone tissue fluid

It has been estimated that trabecular bone has a twofold higher blood flow rate than cortical 

bone (Whiteside et al., 1977).

ii. Remodelling of bone:

Bone is not a constant stable tissue but changes all the time by undergoing remodelling. 

Remodelling is the process by which areas of the bone are broken down and reabsorbed and 

another layer of bone is built up, so that the microanatomy of the bone changes subtly. 

Remodelling is essential for bone as it enables it to respond to mechanical stresses and 

increase its strength where needed. Remodelling also has the function of maintaining the 

biomechanical competence of the skeleton by preventing accumulation of fatigue damage and 

maintaining a tissue whose components are available for mineral homeostasis.
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It has been estimated that at any given time 3.5% of the adult skeleton is being remodelled 

(Rasmussen, 1968). In adults, rates of remodelling may be 5 to 10 times higher in trabecular 

bone compared to cortical bone (Parfitt, 1988). The time taken for an area of bone to be 

remodelled from start to finish is approximately four months.

There are three distinct stages in remodelling (refer to figure B.2.4)

Stage 1: Osteoclasts are stimulated (time period hours-days). It is unknown what stimulates 

the osteoclasts, but parathyroid hormone, thyroxine, oestrogens and metabolites of vitamin A 

and D are all possible candidates.

Stage 2: Osteoclasts erode tunnels 1mm in diameter through the bone (1-3 weeks). They 

remove both the mineral and matrix components of bone.

Stage 3 ; Osteoblasts deposit new bone inside the tunnels (3 months).

Figure B.2.4 Schematic representation the remodelling sequence of bone (Dempster and

Lindsay, 1993)

t
Resting

Formation

Reversal

Resorption
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The mass of bone is maintained constant by a coupling between osteoclast and osteoblast 

activity (Frost, 1964).Factorsthatbringabout activationat a particular sitearenot clear. It 

appearsthat the remodellingunits are activated at randomlocations throughout the skeleton, 

but it may be that the stimulation is too subtle to detect. Possibilities include local factors 

released from ageing bone or stimulation from local stresses (Dempster and Lindsay, 1993).

There is evidence of a relationship between bone blood flow and bone remodelling. Studying 

dogs with different degrees of remodelling (hypoparathyroidism, hyperparathyroidism, 

hypothyroidism and hyperthyroidism) showed that osseous blood flow was closely related 

with remodelling activity (Sim and Kelly, 1970). Whiteside ef a/. (1977) examined the 

differences in remodelling and blood flow in trabecular and cortical bone and concluded that 

the two were related

iii Gross Anatomy of the Skeleton
The skeleton can be divided into the axial skeleton, comprising the head and trunk, and the 

appendicular skeleton - the arms and legs. The parts of the skeleton particularly pertinent to 

osteoporosis are the vertebrae, femoral head and radius and ulna.

Vertebrae:
The vertebral column makes up part of the trunk. It consists of a number of irregular bones 

called vertebrae (Figure B.2.5) which are firmly connected to one another by ligaments, 

tendons and muscles. The column provides support for the trunk and also protects the spinal 

cord. Although there is only limited movement between any two adjoining vertebrae, there is 

considerable movement in the vertebral column as a whole. Vertebrae consist mainly of 

trabecular bone (66-90%), the remainder being cortical bone (Einhorn, 1992).
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Figure B.2.5: A vertebrae (Jackson and Bennett, 1988)

Femur:

The femur is the longest and strongest bone in the body. The upper end of the bone has a 

hemispherical head which articulates with the acetabulum of the hip. Near its centre is a small 

depression which gives attachment to the ligament of the head of the femur. The neck of the 

femur projects at an angle from the shaft. The shaft of the femur is thinnest in the middle and 

widens considerably at the lower end which ensures that there is a good area for the 

transmission of the body weight to the tibia through the articulation at the knee. The femur is 

composed mostly of cortical bone. The trabecular bone content varies at different sites of the 

femur, with only 25% at the femoral neck and 50% at the intertrochanteric region (Einhorn, 

1992). Refer to figure B.2.6 for a diagram of a femur.

Radius and Ulna:

The upper end of the radius is disc-shaped with a hollowed upper surface which articulates 

with the capitulum of the humerus. The shaft of the bone has a sharp ridge facing the ulna and 

from it a sheet of fibrous tissue runs to the ulna. The lower end of the radius is the wider part 

and forms part of the wrist joint.

The ulna lies on the inner side of the forearm. The upper end articulates with the humerus; the 

shaft, as in the radius, carries a sharp ridge to which the fibrous tissue attaches; and the lower 

end has a rounded part, which articulates with the ulnar notch of the radius. Figure B.2.7 

shows a sketch of a typical radius and ulna. The proportion of trabecular bone is 25% at the 

distal radius and 1% at the mid radius, the remainder being comprised of cortical bone 

(Einhorn, 1992).
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Figure B.2.6 The femur (Jackson and Bennett, 1988)
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Figure B.2.7 The radius and ulna (Jackson and Bennett, 1988)
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B.3. Osteoporosis:

j. Definition:

Osteoporosis is a systemic skeletal disorder characterised by low bone mass and microarchitectural 

deterioration ofbonetissue, with a consequentincrease in bone Aagility. The disorder is a m^or 

health problem through its association with fracture. Osteoporotic fractures typically occur at three 

skeletal sites; thefemoralneck, vertebrae andlower endofradius andulna.

Therehasbeenddaateastowhetherosteoporosiscanbedehned simplyon thebasisofa reduction 

in bone mass, or whether the occurrence of fracture is necessary before the term can be applied 

The difficulty has recently been resolved by the World Health Organisation who have suggested 

that the notions of low bone mineral density and hacture may be amalgamated in a stratified 

definition of osteoporosis (WHO Study Group, 1994). According to this classification, there are 

6ur categories: (1) normal; where bone mineral density is not more than one standard deviation 

below the young adult mean, (2) low bone mass (or osteopenia); where the value for bone mineral 

density lies between one standard deviation and 2.5 standard deviations below the young adult 

mean, (3) osteoporosis; where the value for bone mineral density lies more than 2.5 standard 

deviations below the young adult mean, and (4) established osteoporosis; where bone mineral 

density is reduced below this threshold and one or more fractures have occurred. The prevalence of 

osteoporosis of the femoral neck in a British population according to the WHO definition (Kanis e/ 

u/., 1994) is shown in figure B 3.1.
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Figure B.3.1: Prevalence of osteoporosis of the femoral neck in a British population according to 

WHO criteria (Kanis et al., 1994)

ii. Histology of Osteoporosis

Normal trabecular bone resembles a honeycomb as it consists of a highly connected network 

of vertical and horizontal plates (with respect to the body being in an upright position) called 

trabeculae. Trabecular bone mass is approximately 35% lower in patients with osteoporosis. 

When observed the trabeculae are thinner and differ in their spatial arrangement compared to 

normal bone. There is a reduction in the number of interconnections between trabeculae (see 

figure B.3.2) and this loss of connectivity may explain some of the exaggerated fi-agility of the 

skeleton in osteoporotic patients. Evidence has been presented that loss of horizontal 

trabeculae occurs earlier and to a greater extent than vertical trabeculae (Atkinson, 1997; 

Mosekilde, 1997).
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Figure B.3.2: Scanning electron micrograph of normal (left) and osteoporotic (right) vertebral 

trabecular bone (Marcus, 1988).

Osteoporotic bone loss in cortical bone occurs at two sites. Firstly there is removal from the 

inner cortical surface and secondly removal from within the cortex. There is an increasing 

trend of porosity from the outer, towards the inner region of the cortex. Spaces in the inner 

region have the propensity to connect with the marrow cavity which consequently expands in 

volume (Arnold et al., 1966). Enlargement and coalescence of the cavities transforms the 

inner third or more of the original cortex into a tissue that resembles trabecular bone.

iii. Pathogenesis of Osteoporosis:

The loss of bone, both the osteoid and mineral components, observed in osteoporosis is 

recognised as a major risk factor for fracture (Black et al., 1992). The only opportunity for 

losing bone in the adult human is during the remodelling process. Bone remodelling is 

defective in osteoporosis in the sense that bone is removed inappropriately or not adequately 

replaced.

There are several points during the process of remodelling where problems can arise 

(Dempster and Lindsay, 1993). Increased activation of new remodelling units can lead to 
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temporary loss of bone since resorption precedes formation and the latter takes several months 

to complete. Such loss is largely reversible if the remodelling activation frequency returns to 

normal. Enhanced osteoclast action could result in deeper lacunae, which may be incompletely 

filled by the osteoblast team. The reversal process could stall, leaving resorption without 

formation. Finally, the team of osteoblasts could fail to refill even a normal sized resorption 

lacuna. In all instances bone loss would occur and be irreversible until remodelling was again 

initiated at the site.

These different scenarios are apparent at different sites. To illustrate, the gradual thinning of 

the trabeculae mentioned above, is brought about by declining osteoblast function. Thus the 

osteoblast teams become less and less capable of refiling the resorption cavities created by the 

osteoclasts, so that the trabeculae become thinner (Lindsay, 1988) In contrast, rapid 

postmenopausal bone loss (see p 41) is thought to be osteoclast mediated. As oestrogen 

concentrations fall, the osteoclasts may become hyperactive, penetrate too deeply into the 

platesand perforate them.

The chief culprit in cortical bone is the osteoclast, and there is evidence for an age and 

menopause related increase in the extent and depth of resorption cavities on the endosteal 

surface (Dawson-Hughes ef a/., 1990). Cortical thinning is accompanied by a gradual increase 

in cortical porosity, which can be ascribed to decreased osteoblastic recruitment and vigour.

iv. Assessment of osteoporosis and diagnostic criteria

As mentioned above, the reduction of bone mass observed in osteoporotic patients is a m^or 

risk factor for fracture Although the histology of osteoporotic bone is unique, it is not 

routinely used in the clinical assessment of the disease as non invasive techniques are available

Measurement of bone mass:
Several techniques are available for the assessment of bone mass (World Health Organisation, 

1994). Dual energy x ray absorptiometry is widely used because of its ability to assess bone 

mass at both axial and appendicular sites, its high reproducibility, and the fact that is entails 

only low doses of radiation (Compston ef a/., 1995). Single energy photon and x ray 
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absorpiomctry enable measurements only at appendicular sites, usually the harearm, the 

machines are portable and relatively inexpensive and, like dual energy x ray absorptiometry, 

have high reproducibility and require very low doses of radiation. Quantitative computed 

tomography enables diGerential measurement of cortical and trabecular bone in the spine or 

peripheral skeleton, butthe equipment required is expensive and the radiation doserelatively 

high.

All the above methods with the exception ofquantitative computed tomography generate a 

linear measurement of bone mineral content (g or g/cm) which can be converted into bone 

density (g/cm^) by dividing the bone mineral content by the width of the bone in the forearm 

or the area of the scan in the spine and hip.

There are some limitations of absorptiometric techniques. Firstly, the absolute bone mineral 

density of a given bone mass varies with diHerent manufacturers systems (Laskey ^/ a/ , 

1992), and there are also differences in the reference data provided by the manufactures 

(Laskey ef a/., 1992), so that the same measured value may lie within different parts of the 

reference range depending on the system used. Secondly, measurement of the bone mineral 

density in the spine may be affected by the presence of extraskeletal calcification, osteophytes, 

and vertebral deformity, particularly in elderly subjects (Reid e/ a/., 1997),

The Smgh Index:
The trabecular pattern in the proximal lemur is visible on plain radiographs and shows 

characteristic changes with ageing and loss of bone mass. Singh ef of. (1970) described a grading 

system based on these changes in appearance, in which there are six grades according to the 

number and density of the trabecular bundles. The use of reference radiographs for comparison is 

essential for reproducibility. There is increased risk of fracture of the proximal Amur in individuals 

with a Singh index of grade 3 or less but many patients presenting with fracture have normal values 

(Horsman e/ ni, 1982) The Singh index is therefore not a good predictor of fracture risk for the 

individual, although it has been of use in epidemiologica] studies when looking for differences 

between groups.
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Diagnostic Criteria:

Diagnostic classification of osteoporosis is usually based on densitometric criteria (Compston 

gt a/., 1995), bone density values being expressed in relation to the mean reference value in 

premenopausal women (T score). Bone density values are usually expressed in relation to 

reference data as standard deviation scores: a Z score representing the number of standard 

deviations above or below the age and sex matched mean reference value and a T score 

similarly expressed in relation to reference values for young adults. These standard deviation 

units reduce the problem associated with differences in calibration between instruments.

Osteopenia is defined as a T score between -1 and -2.5 and may constitute an indication for 

prophylaxis depending on the age of the patient and the risks and benehts of the proposed 

treatment. Osteoporosis is defined as a T score below -2.5 and includes nearly all women who 

will sustain a fracture (Kanis e/ a/., 1994). It can be regarded as an indication for intervention.

Osteomalacia:

Osteoporosis must be distinguished from osteomalacia in which the amount of bone may be normal 

but its mineral content is reduced (Nordin, 1983). Osteomalacia is due to delayed mineralisation of 

new bone. Confusion between osteomalacia and osteoporosis should seldom arise, although it is 

possible for the two conditions to coexist. The plasma alkaline phosphatase is raised above the 

normal range in osteomalacia, which is rare in osteoporosis except after a fracture episode. In 

addition the plasma calcium and phosphate levels are generally low in osteomalacia. Above all, the 

urine calcium is very low in most forms of osteomalacia, whereas it is normal or high in 

osteoporosis.
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V. Epidemiology of Osteoporosis

Bone mass changes with age and can be categorised into three phases; growth, consolidation and 

loss (Refer to Figure B.3.3). Through infancy and childhood bones expand and remodel, and 

during this period bone gain is greater then bone resorption, resulting in a net gain of bone. During 

adolescence the spurt in bone mineral gain parallels the adolescent spurt in height (Baker et al., 

1997). At approximately 18 years of age 95-99% of the peak adult bone mass has been attained 

(Bonjour et al., 1991). A period of consolidation follows for about 15 years, with further calcium 

accretion, decreased cortical porosity and increasing cortical thickening. Bone mass subsequently 

declines with ageing (Woolf and Dixon, 1988b). This is a universal phenomenon, occurring in both 

sexes and in all races.

Figure B.3.3 Diagrammatic representation of changes in bone mass with ageing.

-------- Female

-------- Male
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At allages women have less massper unit volume ofbonethan men, premenopausally they have 

about 15per centless c(Mnp(KAtx)iK:co!T€x3k)d for bone size. Althoughbothsexes lose bonewith 

ag;eu^»,lc^K(rrcr/arnin funcdon^usuallyatthemmopause, results inthemostprofbundaltontion  in 

skeletal homeostasis and loss of bone tissue Although men do not experience an endocrine 

counterpart of the menopause, some workers have shown a fall in testosterone levels in men 

over the age of 70 years, which may cause bone loss in later life (Baker e/ a/., 1997; 

Vermeulen eta/., 1972).

American Blacks have signibcantly greater bone mass than non-hispanic Caucasians 

(Solomon, 1979; Luckey et a/., 1989) It is not well understood whether racial differences in 

bone mass exist at birth or develop at some point thereafter. Some studies And no distinction 

in skeletal status between Black and Caucasian children (Prentice et a/., 1990; Southard ef a/., 

1991), others described signibcant differences at all ages during youth (Li e/ a/., 1989; Bell et 

a/., 1991,McCormick g/a/., 1991).Ithasbeenhypothesisedthatthehigherbonemassseenin 

North American Blacks stems in part from genetic factors. However, investigations of Blacks 

in South Africa do not support this theory. In fact their bone mass does not exceed that of 

age-matched South Abican Caucasians (Solomon, 1979; Patel 1997). In addition, Black 

children from West Africa- whence originated the m^ority of African-American fbrebears- 

have lower bone mass than their Caucasian peers (Prentice et a/., 1990). Therefore differences 

exist in bone mass within the Black race, with further differences introduced by acculturation 

in areas to which Black Africans migrated.

VI. Osteoporotic Fracture
The most important clinical consequence of osteoporosis is osteoporotic fracture. Bone 

fractures when its capacity to absorb energy is exceeded and therefore depends on both the 

magnitude of the force applied and the energy absorbing capacity of the bone.

Vertebral fractures are classified into three forms: crush, wedge and concave. Crush fractures 

involve compression of the entire vertebral body. In wedge fractures the posterior height is 

relatively maintained but there is collapse anteriorly. Concave fractures exhibit collapse of the 

superior or inferior endplates, or both, with relative maintenance of anterior and posterior 

heights (Mekong/ a/., 1988).
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Forearm fractures are almost always due to a specific episode of trauma. The most usual event 

is a fall on the outstretched hand. In Colles' fracture there is a metaphyseal fracture through 

the distal radius with dorsal displacement of the hand (Melton e/ a/., 1988).

Hip fractures are classified by location into three types: femoral neck, intertrochanteric, and 

subtrochanteric (Heggeness and Mathis, 1996). Femoral neck fracture is also known as 

subcapital fracture and it lies entirely within the capsule of the hip joint. A fracture in this 

location often compromises the blood supply to the femoral head so that a high risk of 

avascular necrosis is associated with this injury. Intertrochanteric fracture is a fracture of the 

proximal femur at the level of the greater and lesser trochanter. There is often displacement of 

the trochanters, together with their muscular attachments. As the fracture is extra-articular, 

substantial loss of blood into the proximal thigh can occur. Subtrochanteric fracture is a 

fracture of the femur distal to the lesser trochanter It is less common than the aforementioned 

fractures. However, as with intertrochanteric fracture the injury often leads to comminution.

vii. Epidemiology of osteoporotic fracture

Vertebral fractures:
The investigation of the epidemiology of vertebral fractures has been hampered by difficulties in 

diagnoses. Early epidemiological studies used subjective radiologic assessments of wedge, crush 

and concave deformities, but these were poorly reproducible (Iskrant and Smith, 1969). These 

methods gave way to morphometric measurement of vertebral height with fractures defned 

according to fxed cut-off values. The application of these measurements to various population 

samples in the United States has permitted estimation of the incidence of new vertebral fractures in 

the general population. One recent estimate of the age-adjusted incidence among white American 

women aged 5 0 years and over was 18 per 1,000 person-years (Cooper ef a/., 1992a). Although it 

has long been clear that a proportion of vertebral fractures do not reach clinical attention (Gershon- 

Cohen ef a/., 1953), the size of this faction is unknown
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Figure B.3.4. shows the incidence rate of clinically diagnosed vertebral fractures in men and 

women. In men, incidence climbs exponentially with age, adopting a pattern similar to that 

observed for hip fractures in the same population. In women, there is a more linear increase in 

incidence with age, such that vertebral fracture rates are higher than those for hip fracture before 

the age of 70 years, but not thereafter.

Figure B.3.4. Age-specific incidence rates for hip, vertebral and Colles’ fractures in men and 

women in population of Rochester, Minnesotta (1985 - 1990) (Cooper et al. 1992a)

Colles' Fracture:
In men, the incidence remains constant throughout life. In white women, incidence rates increase 

linearly from the age 40 to 65 years and then stabilise (refer to figure B.3.4). The reason for this 

plateau in female incidence remains obscure, but may relate to a change in the pattern for falling 

with advancing age (Nevitt and Cummings, 1993). The slower gait and impaired neuromuscular 

co-ordination of elderly women makes them more likely to fall on their hip than on their wrist. The 

majority of Colles' fractures occur in women, and around half occur among women aged 65 years 

and over. There is a winter peak in Colles' fracture which is associated with falls outdoors during 

periods of icy weather (Cooper, 1997).
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B.4. Hip Fracture

i . Description and epidemiology

The most sevae osteoporotic fracture is that ofthe hip. Typically this results from a 611 from 

standing position, but can occur spontaneously. A hip fracture is usually painful and almost always 

necessitates hospitalisation. Hip Aactures lead to an overall reduction in survival of 10-20% 

(Meltone/a/., 1988), with the m^ority of deaths occurring within the furst six months after the 

fracture. Up to one third of hip hacture victims may become totally dependent (Jensen and Bagger, 

1982), and the risk of institutionalisation is greatest among these.

Hip fracture incidence rates increase exponentially with age (Figure B 3 4). In Rochester, 

Minnesota, USA, rates reach about 3.0% per year among women aged 85 years and over and 

1.9% among men in this age group. (Melton ci a/ , 1988). At all ages beyond 50 years, the 

incidence in women is about twice that in men. Because there are more elderly women than 

men, however, about 80% of all hip fractures occur in women. World wide, there were an 

estimated 1.66 million hip fractures in 1990 (Cooper ei a/., 1992b).

Incidence rates vary substantially from one population to another, and hip fractures are much 

less frequent among non-whites than whites. However, there is substantial variation even 

within populations of a given race and gender. Thus, age-adjusted hip fracture incidence rates 

are higher among white residents of Scandinavia than comparable people in North America or 

Oceania (Melton, 1991) Even within Europe, hip fracture rates vary more than sevenfold 

&om one country to another (Johnell ef a/., 1992). Figure B 3.5 displays the differences in 

incidence of hip fracture in women across Europe
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Figure B.3.5. European incidence of hip fracture in females. Data from: Efflors et al. (1994), 

Johnell et a/. (1992) and Nagant de Deuxchaisnes and Devogelaer (1988).
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ii .Riskfactors for osteoporotic hip fracture

For a fracture to occur, trauma to the bone must exceed its strength. Risk factors can 

therefore act either by increasing the impact of the trauma or by decreasing bone strength. 

They can be further categorised according to frequency of falls, orientation of fall, protective 

responses, local shock absorbers and bone mass (Cummings and Nevitt, 1989), Some risk 

factors can have more than one mechanism. Figure B.3.6 summarises the risk factors identified 

in the literature and their proposed mechanism of action.

Frequency of falls:
Falls are a relatively common event among the elderly. Although fall rates are difficult to ascertain, 

population-based surveys and prospective studies indicate that around 30% of community-dweUmg 

elderly fall at least once each year. However, most falls do not result in serious injuries. About 

3-5% of falls in the elderly result in a fracture, about 1% result in hip fracture

Stroke is associated with a risk of Ming in the elderly and hence predisposes to hip fracture 

Forster gf a/. (1995) found that 73% of elderly patients who had suffered a stroke fell in the six 

months after discharge from hospital. People who have experienced a stroke have an asymmetric 

stance with about 70% of the total body wei^ shifted to the unaffected leg and the gait is 

characterised by slower, shorter steps, lack of smoothness and asymmetry.

An increased incidence of hip f-acture in people in long-term care compared with those living at 

home was suggested by the Mediterranean Osteoporosis (MEDOS) study in France (Piette gf a/., 

1983). Mivavet gf uZ (1993) re-analysed the findings, this time adjusting for urban background, 

activity and morbidity and found that living in an institution remained an independent risk Actor. It 

is known that Aactures often happen in the Erst months of institutionalisation and Miravet and 

coUeagues postulated that the explanation could be the change in physical surroundings which may 

increase the likelihood of Alling.
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Orientation of fall:

The point of impact of a fall influences the type and extent of injury. Risk of hip fracture is 

reported as significantly increased in women falling sideways, straight down, or those who fall 

on or near the hip; falling backward may be associated with decreased risk of hip fracture 

(Cummings, 1993; Hayes e( o/., 1993). Falling during a displacing activity, such as turning, is 

more likely to result in a serious injury than falling while walking in one direction (Cummings 

andHevitt, 1989; Speechley andTinetti, 1991).

Protective responses:

Several reflexes and postural responses are initiated during a fall which potentially prevent or 

reduce injury. These responses are protective if they can 'change the orientation of the faller 

or reduce the energy of a fair (Cummings and Nevitt, 1989). The effectiveness of reflex 

actions depends on speed of execution and strength of the muscles initiating the protective 

movement (Cummings and Nevitt, 1989)

The sedating effect of certain drugs can impair protective responses. Cummings cf a/. (1995) 

found that therapy with long-acting benzodiazepines and anticonvulsant drugs increased the risk of 

hip fracture. Alcohol use has been postulated to increase the risk of falls and has been evaluated in a 

range of studies (Carlson, 1993). However, most studies, including community-based prospective 

studies, have not found an association (Campbell er a/., 1989; Tinetti e/ a/., 1988; Nevitt e/ aA, 

1989)

Local shock absorbers:
Impact of falls can be potentially absorbed by surrounding soft tissue (skin, fat and muscles), 

thereby reducing the likelihood of an injury. A lower prevalence of irijury occurs in filers with 

more skinfbld thickness (Brocklehurst e/ aZ, 1978) or overall higher body weight (Grisso ef aA, 

1991; Nevitt and Cummings, 1993; Wooten e/ oA, 1982) Gissso et oZ (1996) found a decreased 

body mass index in men who fell and suffered a hip fracture than elderly Allers who had also landed 

on their hip but did not sustain a fracture The strength of hip abductors, the largest group of 

muscles surrounding the hip, is postulated to affect absorption on impact (Cummings and Nevitt, 

1989)
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Factorsaf&cting bone strength:
Low bone mass independently increases the risk of osteoporotic hacture (Hui e/ of., 1988; 

Cummings eto^, 1989; Meltoneta/., 1993). Ac^usted for age, a one standard deviationdecline in 

bone mineral density in the hip is associated with a 2.6-fbld increase in the risk of fractures of the 

proximalf^ur(Cummings e/di, 1993). Thefactorsthatahectbonemassarediscussed.

Body Mass Index:
There is little disagreement that body weight plays a significant role in determining bone 

mineral density, particularly at the axial skeleton. Reid and colleagues demonstrated in 

postmenopausal women that total fat mass, was a consistent predictor of femoral neck bone 

mineral density (Reid e/ a/., 1992). From prospective cohort studies, such as the Framingham 

cohort's biennial examination (1988 - 1989) of 693 postmenopausal women, body mass index 

explained a substantial proportion of the variance in bone mineral density in the femoral neck 

(Felson ef a/., 1993) From a cross-sectional evaluation of the Rancho Bernardo cohort, 

current body mass index explained more than 29% of the variance in bone mineral density at 

the total hip (Greendale ef a/., 1995).

Physical Activity:
A number of epidemiological studies have indicated that lack of physical activity is a risk factor for 

osteoporotic fracture (Lau g/ tz/., 1988; Wickham ei a/., 1989; Cooper g/ or/., 1988). Greendale g/ 

a/. (1995) studied a cohort of community-dwelling California adults (1,014 women and 689 men) 

with a mean age of 73 years, and found that bone mineral density at all hip sites were greata^ in 

current and lifelong recreational exercisers than in those who engaged in mild or no exercise

Cummings gf a/. (1995) concluded horn a large prospective cohort study of risk factors for hip 

fracture, that women who currently spent four hours per day or less on their feet had twice the risk 

of women who spent more than four hours per day on their feet Women who regularly walked for 

exercise had a 30 percent lower risk of hip fracture than women who did not walk regularly. Risk 

tended to decrease as the distance walked per day increased.
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Coupland e/ a/. (1993) found that physical inactivity was an independent lisk factor for hip fracture 

in the elderly. Subjects who did not regularly weight-bear, perform muscle loading activities such as 

climbing stairs, and perkrm productive activities such asgardening, were all more than twice as 

likelyto sustain hip 6acture, when comparedwith subjects at the higher endofthe spectrum. Ina 

study of young Asian women, Hirota ci a/. (1992) found that those who reported the longest prior 

history ofphysical activity exhibitedthe highestradial bonemineral density. Converselythose with 

the lowest bone mineral density were more likely to dislike sports.

The problem with this research is that it is difficult to estimating past activity as it relates to skeletal 

loading; some routine behaviours such as housework and occupational activity may not be 

included; and perception of exercise intensity is subject to considerable bias when activity is self­

reported. In addition it is difficult to distinguish whether a high level of physical activity is a marker 

of a healthier person who is less likely to fall and fracture for reasons other than their participation 

in physical activity, or whether physical activity actually protects against fracture.

Calcium:

It has been suggested that the most primitive function of the skeleton is to buffer the internal milieu 

of critical minerals such as calcium (Urist, 1962). This skeletal reserve is vast compared to the 

cellular and extracellular metabolic pools of calcium. As a result dietary insufficiency virtually never 

impairs tissue function that are dependent upon calcium. However since bone strength is a function 

of bone mass, it follows, that any decrease is the size of the calcium reserve will decrease bone 

strength. Calcium functions as a threshold nutrient, which means that above a certain intake, no 

further benefit will accrue. There has been much uncertainty and confusion in recent years about 

what intake may be for various ages and physiological states.

Cooper g/ a/. (1988) found in a case control study in southern Britain there was no relation 

between calcium intake and hip fracture in women, but men with daily intakes above Ig had lower 

risks. A further prospective study by the same workers confrmed that a reduced intake of dietary 

calcium was not a risk factor for hip fracture (Wickham ef a/., 1989) Another prospective study, 

this time conducted in California, found the dietary calcium was inversdy related to risk of hip 

fracture (Holbrook ci a/., 1988 ,Welton gf a/. 1995) discovered a positive association between 
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calcium intake and bone mass in a meta-analysis. Thirty three studies were performed in adults 

betweoi 18 and 50 years ofage and the authors advised a calcium intake of 1500 mg/day 

throughout life.

Vitamin D:
Vitamin D is important for absorption of calcium from the diet. This function is particulaiiy 

important for adulation to lowintakes ofcalcium and is relatively unimportant at high calcium 

intakes.

Vitamin D status, monitored by the measurement of the storage form of the vitamin 25- 

hydroxyvitamin D(25 (0H)D), commonly deterioratesin theelderiy. The rate ofage-related loss 

ofbonehasbeenfbundtobe inversdycorrdated to dietary vitamin I)(LAik€rter(zA, 1992). Low 

25(0H)D levels in the eldedy are partly due to decreased solar exposure, partly to decreased 

effkaericyofskinvitarnin D synthesis, antlixtrdytodkxatxtaed uitakecd'mUlL.the principal dietary 

source of the vitamin. Moreover, the elderly exhibit other abnormalities of the Vitamin D 

endo(xine syst^n which may further impair their ability to adapt to reduced calcium intake. 

Heikinheimo et a/. (1992) carried out a randomised, controlled trial and found that a single 

miectionofl50,000- 300,00 PJxitaniui 10 eawdhiauturnn resulted in areduction hilriT)fracturesin 

an dderly Finnish population. For all these reasons there is a growing body ofopinion that the 

requirement for vitamin D increases with age (Suter and Russell, 1987; Parhtt et a/., 1982).

Smoking:
In most but not all studies, tobacco use is associated with an increased risk ofhip &actures in 

women and in men (Seeman, 1996) Various mechanisms have beenpostulatedincluding a direct 

toxic effect on bone, reduction ofcalcium absorption, reduction ofbody mass index, and for 

women; reduction ofendogentxrsoestrogen andadvancen%ntoftheage ofmenopause (Lawand 

Hackshaw, 1997). The relative risks for hip fracture associated with tobacco use are about 1.2 to 

1.5 with confidence intervals that include or almost include unity. The increased risk for hactures 

associated with tobacco use is likely to be partly conferred by a reduction in bone density. Tobacco 

users often start smoking by 10 to 12 years of age, so that reduced peak bone density may 

contribute to any deficit in bone density in adulthood.
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Alcohol:
In women only a anall proportion of hip hactures are attributable to alcohol abuse. In contrast 

JohneUandcoDeaguesAund that 25% ofall men,and 37%ofmen over SOyears ofage,admitted 

to hospital fbrlowerextremity hactures had ahistory ofalcohol alHise(JolmeU6V! a/., 1985). 

Alcoholismis associated lAithredrrcedbonemineral density, Dalen andcoUeayguesfcamdthat well 

nourished alcoholics had a deGcit in the bone density of4.7% at the proximal femur (Dalen and 

Lamke, 1976). Chon andcoUeagues reportedreduced bonedenaty by about 0. 5 to 0.7 standard 

deviations in chronically alcoholic, but otherwise healthy, men abstinent from alcohol for a median 

pe:iiod()f4months (Chon efal:, 1992). Thepictureiscomplicated as alcoholismis assodatedwith 

other risk Actors for osteoporoas such as poor nutrition, leanness, malabsorption, vitamin D 

dehciency, tobacco use and an increase risk in Alling.

The evidence for an association between moderate alcohol intake and Aactures is contradictory. 

Felson and colleagues examined the association between alcohol consumption and hip fracture 

using a retrospective cohort design (Felson 6/ a/., 1988) and found relative risk of 1, 1 34, 1.54 for 

light, moderate and heavy drinkers respectively for women and 1, 0.78 and 1.54 for men. All 

conGdence intervals included unity. Hememway and colleagues studied 96,508 nurses ages 3 5-59 

years (Hemenway el a/., 1994) and found an interaction between body weight and alcohol intake 

Increased fracture ride was found in women who drank more than 15 g of alcohol per day and had 

a relative weight of less than 21 kg/m^. Thus moderate alcohol consumption may be a risk Actor 

for fractures, but available data are inconclusive. A risk associated with alcohol consumption may 

be seen primarily among those with lower body weight.

Previous fracture:
It is commonly recognised that patients with one type of age-related fracture often have an other. 

Patients with hip fracture are about twice as likely as expected to have had a prior fracture of the 

proximal humerous (Gallagher ^, 1980) or distal Airearm (AlfSam, 1964) and 3 to 10 times 

more likely (depending on age) to have had a prior vertebral Aacture (Pogrund er aZ, 1977) 

Similarly, patients with a Colles' Aacture seem to be at about twice the usual risk for a subsequent 

hip Aacture (Owen ei a/., 1982). Cummings er ad (1995) found that history of any type of Aacture 

since the age of 50 was associated with increased risk of hip Aacture. The relative nsk was 1.5, 

(95% conGdence interval 1.0 to 2.1).
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Rheumatoid Arthritis:
Patients with rheumatoid arthritis have been cited as a group with increased risk of osteoporosis as 

theycan exhibit r^id bone loss (hK to twAh^dhxaseiMduTmm^^hb^ Inaddition, rhatmatoid 

arthritis is commonly treated with oral steroids which have a well-documented deleterious ehect on 

bone turnover (Riggs ef uZ, 1966; Gennari and Imbimbo, 1985; Hahn gf o^, 1979). Hall g/ a/. 

(1993) demonstratedareductioninbonemineral densityatthehipinpostmenopausalwomenwith 

rheumatoid arthritis. Treatment with steroids resulted in further lowering of bone density.

Diabetes:
Low bone mineral density has been found in the m^ority of investigations of patients with insulin­

dependent diabetes mellitus (Bouillon, 1991). However, the picture is less clear in non-insulin 

dependent diabetesmellitus (Levingf a/., 1976; Weinstockgf a/., 1989; Seinog/a/., 1985).

The incidence of insulin-dependent diabetes mellitus peaks around puberty, a time that 

corresponds to rapid skeletal growth and to the achievement of peak bone mass. A detrimental 

effect of insulin deficiency on bone formation at this critical juncture might be expected to interfere 

with attainment of normal adult bone mass. In contrast, the peak incidence of non-insulin­

dependent diabetes occurs after the fourth decade of life and after peak bone mass has been 

attained. Ninety percent of non-insulin dependent diabetics are obese, which may protect against 

osteoporosis.

A pooled estimate of the increased risk of fracture in diabetes is approximately twofold (Bouillon, 

1991). However, a retrospective case-control study from the Mayo Clinic failed to show any 

increase in the incidence in ether types of diabetes (Health gf a/., 1980).

Medication:
Some medication can alter bone mineral density. Corticosteroids have a well-documented 

deleterious effect on bone turnover (Riggs gf a/., 1966; Gennari and Imbimbo, 1985; Hahn gf a/., 

1979). Hall gf aZ (1993) found that treatment with steroids in rheumatoid arthritis sufferers further 

lowered the bone density at the hip. Cauley gf a/. (1993) found that women who had been using 
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thiazidediurebcs for morethan lOyears hadsigniGcantly higherbonemassthen womeawho had 

never be^ prescribed these drugs (p<O.(X)l). It is proposed that thiazides induce hypocalciurea 

which may protect against bone loss (Rashiq and Logan, 1986).

Ihnostag^kurdininhibrtkrnb^^ nonsteroidal anti-inflammatory drugs (NSAIDs) mayinhibit bone loss 

and presave bone mineral density. Bauer et 6zA (1996) assessed the risk factors for osteoporosis 

and the use of NSAIDs in 77786 white womar ova age 65 by measuring axial bone mineral 

daishy and documentinghactures. Although thae was anurcre^ux; in bone mineral density ofthe 

hip of 2.3-5 8% which was reduced to 1.0 - 3.1 % afta adjustment for confbunders, thae was no 

diGaenceinfractureriskbetweenthetwogroups.

Teeth:

Postmenopausal women with osteoporosis have a higha than expected numba of dentures and 

fewa teeth (Groen et a/., 1968; Kribbs, 1990). It has also been reported that increased tooth loss 

with age is associated with an increased risk of hip fracture (Astrom g/ a/., 1990). Both loss of 

bone and adult tooth loss may reject common systemic metabolic effects. Histological studies have 

shown that low bone mineral content of the mandible is associated with low bone mineral content 

of the femoral neck (Dya and Ball, 1980). May ci a/. (1995) investigated a cohort of participants 

horn genaal practices in the Cambridge health district and found a consistent decrease in bone 

mineral density with inaeasing numbers of teeth lost in men, independent of age, body mass index 

and smoking habits but not in women.

A Swedish study of 14,375 men and women ova the age of 64 years, had their numba of teeth 

documented by dentists and the numba of hip fracture sustained ova the next 3 years was 

observed. Women in the tertile with the fewest remaining teeth had a risk of hacture twice that of 

the women in the otha tertiles. The risk of hip fracture for men in the tertile with the fewest 

remaining teeth was three times that ofthe other mat (Astrom gf a/., 1990).
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Femalereproductivevahables:
The hormonal status of females is a major factor with respect to their bone mineral density. 

The hormonal history from menarche through to menopause is of relevance and will be 

discussed.

Age at menarche can be related to bone mineral density in at least two aspects First, women 

with an earlier age at menarche are likely to have a longer time between menarche and the 

menopause, a time frame during which oestrogen resources are available to support and 

maintain bone mineralisation. Secondly, events which precipitate earlier menarche may be 

associated with characteristics which have been reported to produce greater bone density, for 

example body mass index

Frank amenorrhea is reported to have a prevalence of 2% in young adult women (Bachmann 

and Kemmann, 1982). Reported menstrual cycle changes in women who exercise strenuously 

include delay in menarche (Nelson ef a/., 1986), shortened luteal phase of the menstrual cycle 

(Prior gf a/., 1990), menstrual irregularities, oligomenorrhea and amenorrhea (Drinkwater e/ 

a/., 1990; Henley and Vaitukaitis, 1988) In addition amenorrhea is a recognised complication 

of anorexia nervosa.

Pregnancy and lactation are two stages of the reproductive cycle which are characterised by 

significant alterations in the maternal hormonal environment. During the third trimester of 

pregnancy maternal oestrogen levels rise as the placenta produces large quantities of 

oestradiol to facilitate growth (Jaffe and Dell'Acqua, 1985). In contrast, lactation represents a 

hypoestrogenic state in response to elevated prolactin (Speroff c/ a/., 1989). In this fluctuating 

hormonal environment, there is substantial calcium transfer from the mother to the foetus. 

There is obvious concern that foetal demand might outstrip the calcium available from 

intestinal absorption forcing the reservoir of the maternal skeleton to be accessed.

Thus, the relationship of parity to bone mass is complicated as on one hand pregnancy and 

lactation decreases the available calcium to the maternal skeleton and on the other there may 

be an increase due to the greater oestrogen levels in the third trimester and the increased bone­

loading that occurs with the weight increases in pregnancy,
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Two studies, a longitudinal study (Paganini-Hill ct a/., 1991) and a case-control study 

(Hoffman e/ a/., 1993), provide evidence of a protective effect for parity in relation to hip 

f-acture. In both studies, women with three of more children had an approximate 30-40% 

reduction in risk for fracture as compared to nulliparous women. There have been at least five 

studies of parity and fracture which have shown no association with parity (Kreiger ei a/., 

1992; Aiderman eta/., 1986; Ribot g/a/., 1993, Cumming ef a/, 1993; Laskey eta/., 1990).

Loss of ovarian function, usually at the menopause or after surgical ovariectomy, results in the 

most profound alteration in skeletal homeostasis and loss of bone tissue. Oophorectomy is 

commonly cited as an example of hypoestrogenism with an impact on measures of calcium 

metabolism (Gallagher e/ a/., 1972), fracture (Krieger ef a/., 1982), and bone mineral content 

(Richelson gf aA, 1984; Aitken ef a/., 1976). As women become oestrogen deficient there are 

significant changes in the remodelling process. First there is a clear increase in the frequency at 

which new remodelling cycles are created and a deficit in the amount of new bone formed 

within each remodelling unit (Parfitt, 1988).

The loss of bone after menopause follows an exponential pattern (Hedlund and Gallagher, 

1989; Nordin et a/., 1989). Bone resorption increases more suddenly after an artificial 

menopause than after a natural menopause, probably because the levels of oestrogen decline 

more rapidly. Several case control and cohort studies have compared oestrogen use in hip 

fracture cases with that of controls, and have shown reductions in fracture risk of 20-60% 

(relative risk 0.4-0.8) (Hutchinson ef a/., 1979; Ettinger gf a/., 1985; Cauley ct a/., 1994). 

There has been only one long-term prospective study which showed that prolonged oestrogen 

treatment maintained bone density in the hip (Lindsay ct a/., 1980).

The impact of oral contraceptive use on bone mineral density remains uncertain with a 

proliferation of recent studies reporting either no effect or a positive relation (Sowers, 1996). 

The number of studies of oral contraceptives and fracture are limited mostly because wide 

spread use started in 1960s and therefore those women are only now reaching an age where 

fractures are more common. Copper gf a/. (1993) examined the fracture experience of the 

46,000 enrolees in Royal College of General Practitioners Oral Contraception Study which 

began in 1974. The risk of subsequent fractures was signifcantly greater among the oral 

contraceptive users than among the nonusers.
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B.5. Fluoride and bone

i. Distribution of fluoride
Fluoride is the ionic form of fluorine, a halogen and the most electronegative of the elements of the 

periodic table. It is the 13 th most abundant element in the crust of the earth.

Fluoride concentration in soils varies enormously from place to place, the published figures ranging 

from 10 to 1070ppm, with average values between 200 and 300ppm (Vinogradov, 1970). The 

amount of free fluoride ions in the soil is governed by the natural solubility of the duoride 

compound in question, the acidity of the sod, the presence of other minerals or chemical 

compounds and the amount of water present The duoride concentrations also increase with depth 

(National Research Council, 1993).

Due to the universal presence of duoride in the earth's crust, most surface and ground water 

contains duoride. Sea water contains concentrations in the range of 0.8 - 1.4 ppm. In Britain the 

duoride content of water obtained &om lakes, rivers and wells is mostly below 0.5 ppm. See above 

(pages 7-9) dir details of the duoride concentration of drinking water in the UK.

Fluorides are also widely distributed in the atmosphere, originating from the dusts of duoride­

containing soils (Noguchi e/ oZ, 1963), from gaseous industrial waste (Macintire ei oZ, 1952) and 

from the burning of coal dres (Cholak, 1959).

ii Sources of intake:

Dietary:
The two most important sources of duoride in the diet, apart from drinking water, are tea and dsh. 

The tea plant takes up duoride from the soil and stores it in the leaves, which when dried may 

contain between 50 and 350ppm. As the duoride is readily soluble in water, an infusion of tea 

leaves may contain l-3ppm (Duckworth and Duckworth, 1978). Concentrations of duoride ate 

high in the bones (500ppm) and the skin (8ppm) of dsh (Jenkins and Edgar, 1973) and therefore it 

is only when eating the whole dsh, for example, tinned sardines, that its contribution is noteworthy.

A typical helping may contain l-2mg.
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The average dietary intake ofAuoride in the United Kingdom is estimated to be 1.82mg daily 

(Shedock, 1984). Aroimd 70% of this value is obtained from beverages. An above average 

consumption oftea may result in an intake as high as 8-9 mg daily. It has beat estimated that 

extreme tea drinkers may have daily intakes as high as 12mg (Walters ef a^, 1983).

Non-Dietaiy:

Inthedevdopedworld most people have been exposedto high concentrations ofBuoride in the 

form of tablets, toothpastes, mouthrinses and less frequently topical dental applications such as 

solutions and gels. Each episode of brushing with fuoridated toothpaste is associated with an 

exposure of 1 mg of fuoride. If the person then spits the toothpaste cart without rinsing, 30% of the 

f uoride is retained. The fluoride retained has 80% bioavailability (M. Davies oral communication).

Fluoride inhalation from the atmosphere accounts 6r just 0.01 mg per day of the intake of fluoride 

(Hodge and Smith, 1977).

iii. Fluoride pharmacokinetics

Fluoride is absorbed and enters the plasma via the gastrointestinal tract. Approximately 50% of an 

absorbed amount will be excreted in the urine during the following 24 hours, while most of the 

remainder will become associated with calcif ed tissue. The major features of fluoride metabolism 

are shown in fgure B.5.1.
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Figure B 5 1: Summary of the pharmacokinetics of ingested Auoride

Absorption:

Fluoride combineswith hydrogenionsto form a weak add, hydrogenduoride. Hydrogenfluoride 

hasa pKAof 3.4 and it is inthis harmthat duorideis able topass thrmighbiologicalmembranes 

(Ekstrand and Spak, 1990). In the absence of high levels of ions that can combine with duoride to 

fbrminsoluble salts, the rate ofabsorpdon is rapicl. The half-time for absorption is about 30 min 

andthepeak plasmaconcentration usually occurs within 30--60niin(Whitfbrd, 1996). Thegeneral 

relationship between the rate of absorption and plasma duoride levels is shown in dgure B52 
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Figure B.5.2 Displays the relationship between the rate of absorption and plasma fluoride levels

0 0,5 1 1.5 2

Hours

The absorption of fluoride is by passive non-ionic difiusion, its rate being dependent on the 

concentration gradient, and not involving metabolic activity (Ekstrand and Whitford, 1988). The 

extent of absorption fi-om the stomach is inversely related to the pH of the contents and may 

account for up to 40-50% of the amount ingested. Most of the remainder is absorbed fi"om the 

upper small intestine.

Distribution:

Within the various soft tissues, fluoride rapidly establishes a steady-state distribution between 

extracellular and intracellular fluids. Steady-state means that, while the fluoride levels within these 

two compartments are not identical, they do parallel each other, rising and falling proportionately 

and simultaneously (Whitford, 1996). To illustrate the steady state achieved in extracellular fluids, 

the mean concentration of fluoride ions in a series of random blood samples was found to be 

approximately 0.01 ppm in areas with low fluoride concentrations in the drinking water (0.25ppm), 

compared with 0.02ppm in areas with higher levels in the water (1.2ppm) (Ekstrand, 1978).

As is evident from figure B.5.2, the rapid rise of plasma fluoride after absorption of hydrogen 

fluoride lasts only for an hour or so and therefore there must be a mechanism that allows for rapid 
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elimination of most of the absorbed dose. The removal of fluoride from the plasma occurs via two 

processes; r^yhikearKl«W)curntdationtnldrel)orK:(urd elimination viathekidneys.

Uptake offluohde by bone:
The mainconstituent ofskeletal tissue ishydroxy^atite. Animportant property ofhydroxy^ahte 

is that Sevan] diOerart ionscan occupy positions in the crystal by atha hetao-ionic or iso-ionic 

exchange. TTheresuhingFiarystaTs fbrmand dimension are only changed slightly Thedimensionsof 

duorideae such that it can occupy a position withinthe s^rrwzhrrearKljGornihyrlrog^an bondswith 

nearbyOHions. As a result,thecrystal, now termed duroapathe, ismore stable and willdissolve 

lessreadity(Kay efo/., 1964).

Approximately 99% of the body burden of duoride is found in bone. Fluoride uptake into bone 

is in three stages (Neuman and Neuman, 1958): duoride ions exchange with one of the ions or 

Ipol^riserlrrKrheculespMussentori thehydration shell; fhioiick^icms exchange&omthe hydration 

shell with an ion group at the surface ofthe apatite crystal which becomes duorapatite; and 

then duonde ions present in the crystal surface migrate slowly into vacant spaces in the 

interior of the crystal during recrystallization.

Fluoride uptake in the bone is dependent on the concentration gradient between the blood and 

the bone. To illustrate. Zipkin c/ a/. (1960) looked at how the concentration of duoride in 

bone compared to the concentration of duoride in the drinking water with the following 

results:
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Table B.5.1: Comparison of concentration of fluoride in drinking water and bone (Zipkin et 

aA,1960).

Fluoride in drinking 

water

Fluoride in bone 

(% of ash weight)

<1 Oppm 0.08

l.Oppm 0.22

2.6ppm 0 40

4.0ppm 0.69

Alhava ef a/ (1980) also explored this issue. They measured the fluoride content of iliac bone in 

post-mortem cases from Kuopio, Finland (water fluoridated to Ippm) and outside Kuopio (fluoride 

levd O.lppm). They&undthat men and women who had lived in Kuopio had an averagebone 

duoride levelof901ppmand IZSOppmtespecdvely. Subjects who hadreadedtxdade Kuopiohad 

much lower levels; men 319ppm and women 384ppm. They also found that the duoride content of 

the bone increased with age. These data compare with a bone concentration of 3500 ppm in 

preclinical skeletal duorosis (Riggins ef a/, 1974).

Further evidence of the effect of the concentration gradient is that in the young duoride uptake 

by the bone is high as the bone is low in duoride and a higher concentration gradient exists 

(Evans and Wood, 1994).

It is important to note that duoride in bone is not irreversibly bound. In the longer time dame 

duoride in the deeper regions of bone can be released during the process of normal bone 

remodelling (Whitford, 1996) Thus, if the intake of duoride were to increase or decrease on a 

chronic basis, the concentration in the calcided tissues would eventually redect the change. To 

illustrate, when the duoride in the water supply in Bartlett, Texas, was reduced from the excessive 

8ppm to approximately 1 ppm, urinary duoride excretion was over 4ppm for about 20 weeks after 

deduoiidadon and continued to 611, although more slowly. It was suggested that the rapid initial 

drop occurred as the duoride in superdcial parts of the duoride-rich bone exchanged with hydroxyl 
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ions and approadied a new equilibrium. The later slower loss probably occurred Irom the 

replacement of old bone by new, low in fluoride, in the course of remodelling (Litkins et a/., 1956)

Deposition of fluoride in bone

Fluoride is not deposited uniformly in bone. Using x-ray microprobe analysis fluoride 

accumulation was found around Haversian systems (Bang, 1978). Also there is a higher 

fluoride content in trabecular bone compared to cortical. Singer et a/. (1974) investigated the 

fluoride concentration of difkrent regions of the human rib and found that fluoride made up 

1.15% ash weight of the cortical bone and 1.50% of the trabecular bone. The explanation 

may be that trabecular bone is more metabolically active than cortical and therefore the blood 

supply is greater (see pl3); as more fluoride comes into contact with trabecular bone, its 

uptake into the bone is increased compared to cortical bone

Elimmation:

The principal route of elimination of fluoride is via the kidneys. It has been shown that the clearance 

of fluoride is less than that of inulin, which indicates that some of the fluoride filtered through the 

glomerulus is reabsorbed by the tubules (Carlson et a/., 1960). 35-45% of the fluoride is 

reabsorbed in the proximal tubule, but this percentage is increased if the pH falls in the proximal 

tubule as this results in more fluoride being converted to hydrogen fluoride which disuses into the 

cells (Whitford et a/., 1979). A substantial part of the fluoride that is ingested is rapidly excreted 

from the body. This has been illustrated by tracing a Img dose of fluoride through the body and it 

was found that 30% of the dose had been excreted in 4 hours (Whitford et aZ, 1979, Ericsson, 

1958).

In addition, 10-25% of the daily intake of fluoride is not absorbed and is therefore expelled, 

unchanged, in the faeces. It is not known if biliary excretion of fluoride is an important factor.
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IV. Fluoride and Osteoporosis:

Fluoride accumulation in the bone is known to change both the metabolism of bone and its 

structure. Studies in humans and several animal models have shown that sodium fluoride 

stimulates bone formation. It appears that sodium fluoride promotes recruitment of active, 

normally functioning osteoblasts, independent of osteoclastic activity. There is an increase in 

osteoid thickness and the rate at which the matrix is made.

In addition it has been shown that fluoride delays the initiation of mineralisation of newly 

formed bone matrix and decreases the rate at which mineralisation proceeds on previously 

calcified matrices (Baylink gf a/., 1983; Harrison ef a/., 1984).

The substitution of fluoride ions for hydroxyl ions has consequences on the shape and 

structural stability of the apatite crystals, as well as on their kinetics of precipitation and 

dissolution (Grynpas, 1990). The structure of flurorapatite is simpler and more stable than 

that of hydroxyapatite as the fluoride occupies a different position in the lattice.

As hydroxyapatite is a complicated crystal it tends to have imperfections, one of which occurs 

in relation to the hydroxyl (OH) groups which form a column running through the middle of 

each crystal. The orientation of the OH ions is reversed at intervals and this results in a 

vacancy, as two OH ions cannot point towards each other as the hydrogen ions would repel 

each other and would not fit in the lattice. The dimensions of fluoride are such that it can hll 

the vacancy and also be attracted to the nearby hydrogen bonds. Therefore the crystal is more 

stable and will dissolve less readily (Moreno gf a/., 1997). Another effect of the fluoride ion 

on the lattice of apatite is to cause a contraction in the size which produces a smaller unit cell 

volume compared with hydroxyapatite (LeGeros g/ a/., 1997; Moreno c/ a/., 1997). This 

enhanced stability makes the skeletal system more resistant to osteoclastic resorption.

In summary, fluoride promotes osteoblasts and also alters the structure of the apatite crystals 

by increasing crystallinity, reducing crystal strain, reducing unit cell size, reducing solubility 

and reducing surface area (Grynpas, 1990) which makes the structure more resistant to 

osteoclastic resorption. This can profoundly affect bone mineral deposition and dissolution.
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V. Fluoride and osteoporotic fracture

In this discussion of fluoride and osteoporotic fracture, the extreme situation of fluorosis will 

be reviewed first, followed by the effects of fluoride as a treatment of osteoporosis, and 

finally the evidence that has accumulated &om ecological and individual studies of fluoride 

and fracture

Intake of fluoride at relatively high levels for protracted periods leads to changes in the 

structure and physical characteristics of bones. The condition, known as skeletal fluorosis, has 

been def ned in terms of a preclinical stage and 3 clinical stages (Hodge and Smith, 1977).

In the preclinical stage, patients have no symptoms but a slight increase in bone mass is 

apparent radiographically, particularly in the trabeculae of the lumbar spine; bone ash fluoride 

concentrations are generally between 3,500 and 5,500ppm. Patients with stage 1 skeletal 

fluorosis experience occasional pain and stifhiess of some joints and some degree of 

osteosclerosis of pelvic and vertebral bones is apparent; bone ash fluoride concentrations are 

usually in the range of 6,000-7,000ppm. Stage II is characterised by chronic joint pain, slight 

calcification of ligaments, increased osteosclerosis of cancellous bones and, in some cases, 

osteoporosis of long bones; bone ash fluoride concentrations are 7,500-9,000ppm. Stage III is 

a severely debilitating condition called crippling fluorosis, in which bone ash fluoride 

concentrations generally exceed 9,000ppm. Calcification of ligaments often precludes joint 

mobility and numerous exostoses may be present. These effects may be associated with muscle 

wasting and neurological problems due to spinal cord compression. Most estimates indicate 

that crippling skeletal fluorosis occurs when 10-20 mg of fluoride have been ingested on a 

daily basis for at least 10 years (Whitford, 1996)

Although fluorotic bone is sclerotic, in the sense that there is more of it than normal, it is not 

as strong, weight for weight, and spontaneous fractures have been described (Nordin, 1973).

50



Fluoride as treatment for osteoporosis:
Sodium Buoride (NaF) has been used to treat established osteoporosis for at least 30 years. This 

therapy originated trcxm die thought that dcdetal Buorosis maybe the antithesis ofosteoporosis 

(Bernstein g/aA, 1966).

It is widely agreed that treatment with Buoride increases trabecular bone mass in the axial skdeton. 

SodhnnfkKxkk:B%^apylws Btefefcmel)eenusedtn patientswith establishedosteoporosis, typically 

vertd)raldefbrmities,inane&)rttoreducefurtherbonelossoraddtotheexistingbonemassand 

topreventBirther&acture(Gordon andCorbiri, 1992). The minimumdose ofsodium Buoridewith 

a demonstrable eBect on bone mass is about 40 mg daily.

However the striking increase in trabecular bone mass induced by sodium Buoride therapy is not 

accompanied by an increase in the cortical bone of the appendicular skeleton. On the contrary, 

sodium Buoride therapy may decrease cortical bone mass (Ringe gf a/., 1978; Riggs ef a/., 1990).

To investigate the value of Buoride therapy for osteoporosis, Bve clinical trials have been 

performed These have provided information on exposure to relatively high concentrations of 

Buoride amongst groups at high risk for vertebral fractures related to osteoporosis. The daily intake 

in these trials ranged Bom 50 to 80mg of sodium Buoride

Dambacher g/ a/. (1986) followed a relatively small number of subjects for 3 years. The treatment 

group received 80mg of slow release sodium Buoride daily and were compared to patients without 

Buoride treatment During the Brst year of the study patients receiving Buoride treatment had 

signiBcantly more vertdrral fractures than the control group. In addition, 47% of patients in the 

treated group had experienced osteoarticular pain and swelling in the lower extremities, attributed 

to stress fractures

Two large prospective randomised controlled trials of high dose sodium fluoride (75mg daily) in 

the United States (Riggs gf oA, 1990; Kleerekoper e/ a7, 1990) suggested that despite a marked 

improvement in lumber spine bone mineral density, Buoride treated individuals showed no 

reduction in spine fracture over a 4-year period and had a loss of bone mineral Bom the 
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appandioilar skeleton. The nesuhscd^thesetv/o studies haveledtothelarge scale abandonmentof 

high dose sodium fluoride in the treatment of established osteoporosis

Dataon theuse oflower doses (25-50mg daily) have been moreencouraging. In a French study 

(Mamelle ef a/., 1988), spinal &acture incidence was clearly reduced amongst 257 patients 

proscribed sodrumduoridecompared wrth209patientsgiven othertherapy over a 2 year period A 

more rocent randomised corrtroHed trial from the United States, which used slow release sodium 

fluoride(25mgtwice daily)gavesimilar dndings (Pak efoi, 1994).

The only randomised controlled trial using sodium duoride (25mg daily) as primary prevention d)r 

Aacture reported a doubling ofhip dacture incidence among 460 eldedy nursing home residents 

over eight months when compared with controls (Inkovaara er j/., 1975).

Thus treatment with sodium duoride, despite being able to increase trabecular bone volume, 

may not be able to restore the original, biomechanically competent architecture. Osteoblasts 

can only deposit newly synthesised bone matrix on existing bone surfaces Therefore only the 

existing trabeculae can be strengthened and connectivity of the trabeculae is unchanged. 

Consequently, even though the bone mass is increased it may not follow that the mechanical 

strength is increased to the same extent as would be expected in normal bone.

In summary, while the use of high doses of sodium fluoride in established vertebral osteoporosis 

suggests that bone strength may be compromised and that hip dacture incidence might be 

increased, the studies of lower dose therapy are more encouraging

Water Fluoride and Hip Fracture:
The risk of bone fracture in the elderly has been studied in people exposed to naturally occurring or 

added fluoride in drinking water and compared with that in people exposed to low concentrations 

of fluoride in drinking water. Both population-based (ecological) studies and individual-based 

studies have been carried out.
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Ecological Studies:

Refer to Table B .5.2 for a summary of the ecological studies.

The first authors to address this issue were /dfifarn c/ a^ in 1969. They used data fforn three 

studies,eachofwhichhadinvestigated theincidenceofhip ^actureinadiRerent Swedishcity. The 

cities diRered in their water fluoride concentration; Gothenburg (<0.Ippm), Malmo (0.2-0.4ppm), 

and Eskilstuna (0.8 - 1.2ppm), but no statistically significant differences in the hip fracture rates 

were observed. Information on the sample size was only available for Malmo where there were 

1,625 fractures in 210,000 inhabitants.

In the United States, two early ecological studies also suggested no effect of water fluoride 

concentration on hip fracture rates. Korns (1969) investigated two neighbouring towns in the 

USA which differed in fluoride status; Newburgh (1.0-1.2ppm) and Kingston (O.OSppm). The 

community of Newburgh had been continuously exposed to this fluoride level since 1945. 

They recorded the number of hip fractures that occurred in each town (excluding those 

secondary to metastatic disease) over three years. No differences were observed between the 

two towns with respect to hip fracture rates. As there were a total of 93 hip fractures 

observed in the population of 14,092, the statistical power of the study was rather limited.

Madans ef a/. (1983) used data from the 1973-1977 US National Health Interview Surveys 

(NHIS) to investigate whether water fluoridation was related to osteoporotic hip fracture. 

Cases were white people admitted to hospital with a hip fracture. This information was 

obtained from the NHIS hospital episode record and there was no information how hip 

fracture was coded. Information with respect to ICD codes would have provided a more 

accurate picture.

As there was no method for the individual measurement of f uoride in the water available, the 

Centres for Disease Control provided information on the percent of the population in each 

county served with water containing at least 0.7ppm f uoride This value was then interpreted 

as the probability that the respondent was exposed to a water f uoride content of at least
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0.7ppm There was no statistically significant difference between areas of low fluoride 

probability (below 0.2) and high probability (above 0.8) regarding rates of hospitalisation. As 

there were a total of 574 fractures observed from a population of 313,352 the statistical 

power of the study was good.

The frst evidence for a protective effect of water fluoridation came from Simonen ef ar/. 

(1985) who found a lower hip fracture incidence rate in a Finnish town (Kuopio) which 

fluoridated its drinking water to Ippm compared to another (Jyvaskyla) which did not. All 

cases of femoral-neck fracture, coded as 820.0 to 820.10 using ICD, were recorded from the 

hospital discharge data (there was no information on which ICD revision was used). Relative 

risks in Javaskyla were 2.5 (men) and 1.5 (women) times those in Kuopio (p<0 001 and 

p<0.05, respectively).

Amala et a/. (1986) also studied the incidence of fracture in Finland. This time three 

communities with different fuoride concentrations in the drinking water (0.3 ppm, 1.0-1.2ppm 

and >1.5ppm) were compared. However, the exact population and time period of study and 

the method of ascertaining hip fracture rates are poorly described in the published report The 

authors concluded that the incidence of hip fracture did not differ between the three areas. 

There is insufficient information in the published report to gauge the power of the study.

The frst study to suggest a higher risk of hip fracture in fluoridated areas was published in 1990 by 

Jacobsen gf a/. This was a large national analysis of over 3,000 USA counties using data from the 

Health Care Financing Administration, which compiles data on all hospital discharges for persons 

covered under the Medicare program, between 1984 and 1987. They found a statistically 

signifcant positive correlation between the county-specifc age-adjusted incidence of hip fracture in 

white women aged 65 or older and the percentage of the county's population served with 

fuoridated water When adjustment was made for other potentially confounding variables this 

positive relationship remained strong (p-0.009). When the study was repeated in 1992 using the 

same hip fracture data and more up to date and reliable fluoride data (Jacobsen ef a/. 1992), 

the results were in agreement with the original study.

In the only UK study. Cooper ef a/. (1991), hip fracture rates in 39 county districts of England 

and Wales were obtained for 1978-82 from hospital activity analysis data. The drinking water 
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fkiofid^cx)n(xantratk)nscd^the«x:(lbd3icts huidtxasnrneguairedtxztw^sen 1969 and 1973 as part ofthe 

British Regional Heart Study. The correlation between water fluoride content and hospital 

discharge rate for hip fracture was positive, but non-signihcant, both for total (r=0.16, p=0.34) and 

natural (r=O.01, p=0.09) water fluoride. However, when the data were analysed in a weighted least 

squares r^ession to allow for dif&rences in the size ofindividual county districts there was a 

significantly positive correlation between Guoride levels and discharge rates for hip fracture 

(1=0.41, p=0.009).

InUtahasmall but sigruficauntuicreaise in the risk ofhip fracture in people exposed to Ippm 

Guoride compared to <0.3ppm was found (Danielson e/ a/., 1992). Brigham which had 

Guoridated its drinking waters for approximately 21 years was compared to two communities, 

Logan and Ceder City, whichhad not Guoridated their water. Cases ofhip fracture requiring 

hospitalisation were ascertained from the Utah Peer Review Organisation (UPRO) for the 

years 1984 to 1990. UPRO is an organisation with computerised records of all Medicare 

admissions and discharges in Utah since 1984. Medicare provides medical insurance to citizens 

65 years of age and older. All cases in their Gies with an ICD-9 code of 820.0 to 820.9 were 

included. There was a signiGcantly higher rate of fractures in the Guoridated area in people 

over 65 years of age with relative risks of 1.27 (95% CI = 1.00 to 1.46) in women and 1.41 

(95% CI = 1.00 to 1.81) in men.

A criticism of this study was that Brigham diOcred from the control communities in other 

ways apart form water Guoride concentration. In particular it had more nursing home beds. 

People residing in nursing homes are more likely to fracture their hips as they are frailer, have 

more Glness and are less active than their independent counterparts. This may have caused the 

apparent eHect of Guoridation to be overestimated. In addition 70% of Brigham's population 

were members of the Latterday Saints Church and as such may have had a diGerent risk ofhip 

fracture for reasons other than their Guoride intake. For example, insofar as they refrained 

from smoking and drinking alcohol there may have been a tendency to underestimate the 

effect of Guoridation.

Suarez-Almazor ef a/. (1993) also compared two North American cities, Edmonton (Ippm) 

and Calgary (approx. 0.33ppm).The water in Edmonton had been Guoridated for more than 20 

years. The two communities were chosen as they were very similar in aspects other than 
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fluoridation, except that Edmonton was more 'white collared' than Calgary and therefore 

probably had a lower physical activity level. Patients aged 45 years and older who were 

discharged from hospital between January 1981 and December 1987 and whose diagnosis 

were coded as 820.0 - 820.9 to ICD-9 were ascertained. Age-sex standardised admission rates 

were calculated for Calgary using the direct method of standardisation with 5-year age groups. 

The standardisation rates were calculated by applying the age-sex specific Calgary rates to the 

Edmonton standard population

There were no significant differences in the rates for women or for both sexes combined [rate 

ratio 0.95 (95%CI= 0.89 to 1.01) and 1.00 (95%CI - 0.95 tol.06) respectively]. However, 

for all men aged 45 and older and the subgroup of men aged 65 and older, the differences 

between the Edmonton and Calgary standardised rates were statistically significant [rate ratio 

1.12 (95%CI =1.01to 1.24) and 1.13 (95%CI =1.00 tol.27) respectively].

Most recently a study, of 3,777 men and women aged 65 years or older and living at home in 

Southwest France, (Jacquimin-Gadda e/ a/., 1995) revealed that the risk of hip ffaclure was 

significantly greater in civil parities where the water fluoride was higher than 0.11 ppm [odds ratio 

1.86(CI1.022to3.36)]comparedtobetween0.05and0.11 ppm (Jacquimin-Gadda eta/., 1995).

The results are striking as the difference was observed at such a low fluoride concentration. 

Although the authors attempted to measure some of the confounding factors such as quetelet 

index, smoking status and sports activity, information was not provided on whether parish 

boundaries matched those of water distribution.

It is plain that the ecological studies are discordant in their results. An attempt to put the 

studies into context and discuss their differences will be made.

Firstly, in the early studies, fluoride was seen to have either a protective effect or no eSect, 

whereas the later studies indicate an increased risk with higher fluoride. This pattern may 

reflect a publication bias in later years with papers that indicated a problem with fluoridation 

being selectively published because they contrasted with the earlier papers.
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As mentioned previously ecological studies should be interpreted with caution as they lack 

assessment of individual risk. The problem which most of the above studies encountered was 

lack of information about confbunders, as there was a dearth of information about the 

differences between the populations investigated. This may help to explain the discordant 

results, as a counfbunder may have been exerting its influence by either overestimating or 

underestimating the eSect of fluoridation.. Possible candidates are physical activity, BMI, 

female hormonal status, calcium and vitamin D intake and smoking and alcohol habits.

The studies used a variety of exclusion criteria and this makes it difficult to compare the 

results. Also the minimum age to enter the study ranged from 45 to 65 years. It is possible that 

fluoride exposure has varying impact at different ages, as several of the studies indicate 

differences in fracture rate at different ages.

Finally, although confidence intervals are rarely reported, the studies are mostly based on large 

numbers of Aactures and therefore it is unlikely that the differences found are due simply to 

chance.

Time Trends:
Two North American studies have examined time trends in hip fracture rates before and after water 

fluoridation One of these revealed no alteration in hip fracture rates (Goggin ef ul, 1965), while 

the other found a decline in hip fracture incidence after fluoridation (Jacobsen ef a/., 199j) 

Although studies examining time trends are more robust than simple geographic correlatioos, the 

steep secular trends in hip Aacture incidence which have occurred in various parts of the world 

over the last 50 years complicate their interpretation.

Conclusion:
In conclusion although a number of ecological studies have indicated a positive association between 

fluoride and the risk of hip Aacture this finding has not been consistent across all investigations. In 

general the studies have shown relatively small effects and/or been limited in their statistical power.
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Studies oflndividuals:

There is a dearth ofinformahon relating huoride ingestion to osteoporosis and fracture risk in 

individuals. Only two North American studies, have begun to address this issue.

Sowers e/a/. (19^)1) studiedcohorts ofvwnneninthnaeconnnunhksin lowawhichhad diSerent 

water sources, with different levels ofcalciumandhuoride. Postmenopausal women in the higher 

huoride community (4ppmguoride) had signihcantly morefractures than their counterpaudsindie 

control community (Ippm huoride) (TableB.5.3). Although individual measures ofhacture and 

risk factors for osteoporosis were ascertained, the fluoride estimates were essentially ecological in 

nature. Itwtwrhotreqported wftedterdtedkhalKtd been (%KpjcMMadfbfafX)ssibleaateractioiil)etvveefi 

huorideand calciumand apowercalculation wasnot stated.

Table B 5. 3 Risk of Osteoporotic Fracture among Iowa, US Women Resident in Areas with 

High Water concentration of Calcium and Fluoride (Sowers ei a/., 1991).

Relative Risk (95% CI)

Community Any Fracture Osteoporotic Fracture

Control 1.0 1.0

High Calcium (375 mg/1) 1.5 (0.7-3.4) 1.6(0.7-34)

High Fluoride (4 mg/1) 2.1 (1.0-4.4) 2.2(1.M.7)

The study demonstrated a mean relative risk of 2.1 (95% confidence interval, 1 .2-4.4) for any 

hacture in postmenopausal women residing in the high Auoride community. Residence in the 

higher-duoride community was also associated with agnidcantly lower radial bone mass in 

premenopausal and postmenopausal women, and an increased rate of radial bone mass loss in 

premenopausal women. Estimates of risk were adjusted for age and body size.
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Cauleyc/o/. (1995), studied a cohort ofwomen andesdmatedindividual person-years offluoride 

exposure. Individuals were asked to list each address from 1950-1990, the duration of residence at 

eachaddressand thescMircerxfwtUxar Thefluorideexposurelbr eatji individual, was estimatedby 

summing the total number of years a woman was exposed to residential fluoridated public water. 

Bone mineral density was measured at three sites: distal and proximal radius and calcaneus, and a 

history of fracture was obtained. No relation was found between years of fluoride exposure and 

bone mineral density and there was no relation with history of fracture A total of 369 fractures 

occurred among 2076 women and therefore the statistical power was limited

Overall Conclusion:

Although several studies have indicated a positive association between water fluoride concentration 

and the risk of hip fracture, the effects observed have been small and the ability to adjust for the 

effects of potential confounding variables (such as physical activity, body build, smoking, alcohol 

consumption, dietary calcium intake and reproductive variables in women) has been severely 

limited. An MRC Working Group reviewed this evidence in 1993 and concluded that further 

information was urgently required. One of the specific recommendations was a case-control study 

in which the Uptime fluoride intake of hip fracture cases would be compared with that of age and 

sex-matched controls.

60



SectionC: Designofstudy

i. Method
The study used a case<X)ntn)l design. Patients presenting to hospital with hip &acture were 

compared with controls selected hrom the general population.

Study population:
The study population comprised residents of Cleveland aged 50 years and older. The county of 

Cleveland was selected IrMTS^udy because it comprised Hartlepool (total population92,000) which 

throughout this century has been supplied v/h}i\4^tkarfrcxnil)orelioles containing in excess of Ippm 

duoride, and Middlesbrough and Stockton (total population 465,000) where water supplies have 

never been duoridated and duoride levels have always been less than 0.3ppm. Apart horn the 

diderence in duoride, residents ofHartlepool, Middlesbrough and Stockton were thought to be 

broadly similar in their exposure to other risk factors for hip dacture.

Selection ofCases:
l^nk^tsdTnn(3^vekmdTvnhlnpfhKlurean:dean^bythe(MfbopMxdc(kpahrn«dsat]Tankp<xd  

Geno^l, North Tees Goieral and Middlesbrough General Hospitals. Members of the study 

populadonwho were admitted to these departmaits with hip d-actures over a 17 month period 

were idendded at least once a week by review of ward admission books. Ader exclusion of patients 

younger than 50 years of age, with fractures wholly below the lesser trochanter (Figure C 1 1.) or 

secondary to malignant deposits, these men and women compromised the eligible case group. See 

Figure C 1.2 for dow chart summarising how cases were selected.

Each case was visited in hospital by a trained nurse interviewer who obtained informed consent to 

participation in the study. Those who agreed and who achieved a Hodkinson Abbreviated Mental 

Test Score of 6/10 or higher were interviewed using a structured questionnaire (Appendix F. 1.).
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Figure C. 1.1 : Inclusion criteria according to type of hip fracture

Include

1. Subcapital

2. Transcervical

3. Intertrochanteric

4. Pertrochanteric

5. Subtrochanteric

Exclude

6. Shaft of femur

7. Greater trochanter

The questionnaire (Appendix F. 1), which was piloted in a series of elderly patients in Southampton, 

covered demographic data, residential history, occupational history (including past physical activity 

at work), current activity, history of fracture, medical history and current medication, smoking, 

alcohol consumption, dietary sources of calcium and fluoride, and reproductive variables among 

women. Most of the questions had been used previously in studies of hip fracture or osteoporosis 

and the sections on calcium intake and exercise had been compared against external criteria 

(Cooper et al. 1988). If the case was unable to pass the mental test, information on their age, sex, 

current address, and current medication was recorded.

At each hospital, patients discharged with a diagnosis of hip fracture were listed from hospital 

discharge data and checked against our records to ensure that all patients had been identified. 

Only four cases were missed in the first 12 months of the study. This was because they had aU been 

admitted to different speciality wards as they had other serious illnesses. If a person presented for a 

second time with a fracture of the other hip, this was recorded but they were not interviewed again.
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Figure C.1.2 Flow chart depicting the inclusion criteria of cases

Identify all cases that are admitted to 
Hartlepool, Stockton or Middlesbrough Hospitals 

If no

If no

1
If yes

Is it the correct type of fracture? ---------------- ^ If no Exclude

If yes

1



Selection of Controls:
/IttheHb^qg^uiu^gioftftestucb^ a p<x)l(^rp(ykaidal (controls \&^^ selected withhelp&om Texas Health 

(FHSA). The expected numbers were derived using the proportional age and sex distribution of 

cases in an earlier study and the age and sex distribution for the population ofCIeveland. Tees 

Health produceda stratified, random list ofjpobenthdcontrols whichwtLsannmg;ed into 5 year age 

bands and separated by sex.

Figure C 1.3 presents a flow chart summarising how the controls were selected.

Although not a matched study, for practical reasons and to ensure similar distribution with 

regards age and sex, one control, within the same age bracket and sex, was randomly selected 

per case. The surname and NHS number was then sent to Tees Health to verify that the person 

was still on the GP register. This was because the original lists were prepared at the beginning 

of the study and it was important that we did not try to contact anyone who had recently died. 

Tees Health also supplied the actual date of birth for those controls selected.

With permission fom his/her general practitioner (Appendix F.2.), we wrote to each of these 

controls asking if our nurse could make a home visit (Appendix F.3 .). Those who agreed and who 

scored at least 6 on the Hodkinson Abbreviated Mental Test Score were interviewed at home, 

using the same questionnaire as for the cases.

If there was no response from the control to the first letter, the nurse attempted to phone them 

just before the interview date. If there was no response to the phone call or the number was 

ex-directory, then the letter was sent again. If there was still no response, the control was 

excluded and a replacement control selected by the same method

Sample size:
The aim was to recruit Gnal numbers of 500 cases and 500 controls. From experience in 

previous case-control studies of hip fracture it was estimated that 70% of cases would pass 

the mental test score. Assuming that there was one control per case and that 20% of controls 

had a lifetime average water fluoride >lppm and 50% <0.2ppm, with these numbers there 

would be a 70% power to detect an odds ratio of 1.5 between these exposure categories and 

99% power to detect an odds ratio of 2.0.
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Figure C.1.3. Flow chart depicting the inclusion criteria of controls

POTENHALCONTROLS

From the age and sex stratified FHSA list select one control per included case 4-----------

i

Does the potential control 
still live in Cleveland?

If yes

Has the GP given permission 
to approach the potential control? If no Exclude

If yes

Is the potential control 
willing to participate ? If no

If yes

Did the potential control 
score at least 6 on the mental 
test score?

If no Exclude

Note: Details were recorded for all potential controls enclosed in this box



ii. Description of the subjects:
Table C.1.1. describes the age and sex of the interviewed cases on which the main analysis 

was based and also of the eligible cases who were not interviewed. As expected, there were 

nearly four times as many females in the case group as men and there were more cases in the 

older age bands. In addition the older age bands had a higher rate of non-interviews compared 

to the younger age bands.

Table C.1.1. Distribution by age and sex of the eligible cases according to whether they were 

interviewed.

Age Bands Cases not interviewed Cases interviewed

Female Male Female Male
50-59 5 4 5 11

60-64 7 3 19 10

65-69 8 6 36 8

70-74 19 8 51 18

75-79 36 10 52 20

80-84 51 6 70 12

85+ 127 23 101 11

Total 253 60 334 90

Table C.1.2. describes the age and sex distribution of the controls which were interviewed and 

also of the eligible controls who were not interviewed. As expected proportionately more 

controls failed to complete interviews in the older age groups.
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Table C.1.2. Distribution by age and sex of eligible controls according to whether or not they 

were interviewed.

*It was not possible to calculate the exact age of 111 of the non-interviewed controls (17 males and 94 
females) as although the age band was known no actual date of birth was available.

Age band Controls not 
interviewed

Interviewed controls

Female Male Female Male

50-59 3 6 4 10

60-64 8 5 13 3

65-69 13 2 25 9

70-74 23 9 33 13

75-79 32 10 45 12

80-84 68 7 40 15

85+ 114 13 53 5

Total 261 52 213 67

Table C.1.3. shows the reasons why controls were excluded. The reasons for exclusion were 

broadly similar for Hartlepool (high fluoride) and Middlesbrough and Stockton (low fluoride).
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Table C 1.3. Reasons why potential controls were excluded according to current address.

Reason Hartlepool Middlesbrough / Stockton

Number % Number %
Control 
Refused

35 43.8 162 47.1

GP refused 8 10.0 49 14.2

Dementia 
reported

9 11.2 11 3.2

Unable to 
contact

8 10.0 57 16.6

Died 17 21.2 51 14.8

Other 3 3.8 14 4.1

Total 80 100.0 344 100.0

It was important to look to see if there were differences in overall response rates between the two 

areas for both cases and controls. Table C. 1.4. shows that Hartlepool had slightly higher proportion 

of cases included compared to Middlesbrough and Stockton. The response rate of the controls was 

very similar between the two areas.

Table C.1.4. Proportion of interviewed cases and controls according to current address

Current
Address

Cases Controls

Number % Number %

Hartlepool 81 63.3 51 38.9

Middlesbrough 
or Stockton

343 56.1 229 40.0

There were three interviewers; LM (interviewer throughout), GS ( started November 1996) and 

myself (intermittent). An attempt was made to ensure that all three interviewers visited similar 

numbers of cases and controls. Table C.1.5. displays the proportion of cases and controls with 

respect to the different interviewers.
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Table C.l. 5: Distribution of interviewed cases and controls according to interviewer

Interviewer LM GS SLH

Number % Number % Number %

Cases 322 75.9 66 15.6 36 8.5

Controls 186 66.4 52 18.6 42 15.0

iii. Data entry, validation and coding:

Questionnaires were double punched in batches of approximately 150 onto a multinp file. The 

two versions were then compared to ensure that they were consistent. A program was written 

(Mr Leshe Styles) to vahdate the data on the multinp file, to check for inconsistencies within 

the data, for example if a job started before the previous one had finished. The validation 

program was run three times for each batch and a code was entered for missing data. Once the 

data was clean, the answers to open questions were coded to a form suitable for analysis.

Protocol for assigning fluoride codes

The questionnaire asked subjects to report each address at which they had lived with dates. 

This information was printed out and fluoride coding was carried out, blind to the subjects 

case/control status. Fluoride in water was estimated fi-om the following information.

For Hartlepool addresses the local water company supplied a map displaying supply zones, 

together with the following information.

Previous to 1957 all zones were supplied with water containing 2.0 ppm fluoride. During the 

period 1957 - 1980, Zones A & B were supplied with water containing 1.3-1.6ppm fluoride 

and Zone C 1.8-2.0 ppm. From 1980 onwards Zones A & B received 1.2ppm fluoride and 

Zone C 0.9-1.0 ppm.

Thus Hartlepool addresses were coded according to date and zone supply. The average value 

was used, for example, if the address was in Zone C in the period of 1957 - 1980 then the 
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fluoride code was assigned as 1.9ppm If the address was on the border of two zones then the 

average of two zones was assigned. Similarly if the address only stated Hartlepool then the 

average fluoride over all three zones was assigned.

The situation for Middlesbrough and Stockton was much simpler as no artificial fluoridation 

scheme had ever been implemented and the natural fluoride levels were between 0.1 ppm and 

O.Sppm Therefore any address in Cleveland other than Hartlepool was assigned 0.15ppm.

After Cleveland addresses, the next most popular area was Tyne and Wear and 

Northumberland. As some areas of Newcastle and environs had been fluoridated at different 

times, more accurate information was obtained from the local water companies. The water 

companies sent maps with zones of fluoridation and dates implemented and also details of 

natural fluoride. Other places in the United Kingdom were coded using the British 

Fluoridation Society report published in 1993.

Two problems were experienced coding the data. Firstly addresses in the county of Durham 

were imable to be coded as the area has a very complicated history with respect to fluoride 

There are areas which have natural fluoride above 0.3ppm and certain areas have received 

artificially fluoridated water. However, the areas have changed over time and on some 

occasions water was mixed from different sources. As there are no reliable records available, 

these addresses have been coded as missing. Secondly, if the address was outside the United 

Kingdom this was also coded as missing as insufScient information was available to make an 

accurate decision.

Figures C 1.4. and C 1.5. display algorithms for fluoride assignment.
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Figure C 1 4 Algorithm for assigning fluoride levels to address in Hartlepool

Hartlepool Address? No Go to second How diagram
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Figure C.1.5. Algorithm to assign fluoridelevels to addresses other thanHartlepool

72



iv. Analysis:

The data which was in a multinp file and contained the coding necessary, was converted into a 

SPSS hie. This was then transferred to STATA and this statistical package was used for all of 

the analysis.

Firstly, the data was split into the subjects who passed the mental test and those who failed. 

Only the people who passed the mental test and therefore interviewed were used in the main 

analysis. Then the variables of interest were categorised. If the variable was continuous then it 

was sorted into ascending order and split into either two or three equal sized groups. If the 

variable was already categorised in the raw data then the groups were amalgamated to 

increase their size or make more sense of the data

Logistic regression was used throughout the analysis and all odds ratios were adjusted for age 

and sex as these variables had been matched in the study design. This analysis was appropriate 

as although a control was sought from the same age and sex stratum as each case, this could 

be considered as frequency matching rather than individual matching. In addition the analysis 

was interim and at this point many cases did not have matched controls Conditional logistical 

regression is used when cases are individually matched to cases and relationships within 

matched sets are evaluated.

V. Discussion of the methodology:

A case-control design was chosen in preference to other possibilities because it offered the 

maximum efficiency. An alternative option would have been a cohort study, but if carried out 

prospectively this would have been impractical, as the latent period would have been at least 50 

years. A partially retrospective cohort might have been possible, but information relating to 

previous addresses of a large sample of residents of Cleveland would have had to be collected.

The county of Cleveland was by far the best place to undertake this study in the United Kingdom, 

as it provided the greatest contrast with respect to fluoride in a defined population. Hartlepool has 
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received natural fluoridated water for the w^ole ofthe century which has been in excess of2ppm 

fluoride at times, andMiddlesbroughand Stockton havealwaysreceived water withalow natural 

fluoride concentration. Therefore, if fluoride ino^eased the risk ofhip 6acture it would be 

exhibited inthis population In addition, the population in Cleveland were thought to bebroadly 

similarinotherrisk factors forhipAacture. Anotha^advantage wasthat thepopulation was quite 

static which made both the recall of addresses by the participants easier, and coding the addresses 

for Buoride exposure

The ascertainment of cases was undertaken thoroughly and precisely, as the potential cases were 

identified both from the admission book and also by confirmation with the ward staff As noted 

above, only four cases were missed in the first year and these patients were admitted to other wards 

because of other medical problems. The participation rate was good for the cases as they welcomed 

the distraction.

The main reason that cases did not complete the interview was that they failed the mental test, this 

was especially true for the older age groups. This was to be expected and unavoidable as a 

reasonable score was essential for the recall of addresses to be reliable. It appears that a higher 

proportion of cases compared to controls were lost because they failed the mental test score. 

This is not surprising as dementia may predispose to falls and recent injury. Moreover, 

undergoing a m^or operation may impair mental function in the elderly. In addition many of 

the controls with dementia were probably excluded from the study by their general 

practitioner. Table C 1.4. shows that the inclusion rate of cases was higher for Hartlepool than far 

Middlesbrough and Stockton and this could lead to overemphasis ofthe effect of fuoride

The controls were taken randomly from the population as it was important not to match on 

GP practice as this would eradicate the effect of fluoride. As discussed above. Tees Health 

produced a random lists of potential controls. The lists were further randomised in the event 

that they had been listed according to GP practice which would bias the selection of controls 

by geographical area.

Table C.1.2 compares controls who were interviewed and those who were not. The reasons 

why eligible controls were not interviewed are illustrated in table C.1.3. The proportions of 

controls who were not interviewed were broadly similar to the proportions of the cases. It can 

74



be postulated that similar factors prevailed, such as failing the mental test, illness, difficulty in 

communicating and refusal to take part. The difference between the cases and control was that 

the interviewer ascertained the reason why the cases were excluded whereas with the controls 

the reason was sometimes not forthcoming or otherwise it was given by the general 

practitioner or carer. It was fair to assume that from the random list of controls there was a 

certain proportion who were able to be interviewed and that it did not matter when in the 

study they were invited to participate.

As with similar case-control studies, controls from the general population are generally more 

healthy and active than the cases who are currently in hospital. One advantage of this study 

was that the cases are interviewed within a few days of being in hospital and should have been 

leading typical lives up until then. However a disadvantage was that the cases were being 

interviewed just after a m^or operation and their powers of recall and concentration may not 

have been as good as the controls

Another inherent problem with the design is that cases are trying to identify why they are ill 

and may overestimate factors they identify as being important. However in this study it was 

highly unlikely that the patients would associate where they have lived in the past with why 

they were in hospital.

Table C 1.3. shows that approximately 40 % of the controls approached agreed to participate. This 

was unavoidable as controls are not as committed to a study as cases, as they do not have the 

disease and so do not think that it is relevant to them. In addition the cases were approached 

personally by the nurse whereas the controls were approached by letter which probably made a 

difference in participation rate. The proportion of controls was similar in Hartlepool and 

Middlesbrough and Stockton so therefore there was no bias introduced which could mask the 

effect of fuoride. However controls who were more willing to participate may already have 

osteoporosis or may have a close family member with the disease. This may mask the effect of 

fluoride.

As mentioned above there were three interviewers for the study which although not ideal, as 

there may be consistent differences between their techniques, was required for practical 

reasons. Both interviewers were trained by myself and I listened to their interview techniques 
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over the period of the study. I also went through each questionnaire to ensure that they 

appeared consistently thorough and table C15 shows that all three interviewers interviewed 

similar proportions of cases and controls.

It was important that the person coding the fluoride did not know if the address was for a case 

of control so to prevent them introducing bias and this was upheld throughout.

Finally, there was a difference in data collection between cases and controls with respect to 

current medication. This information was obtained from the hospital notes for the cases and 

controls were asked to produce the medicine bottles. If the hospital notes were based on the 

cases' repeat prescription then they may (due to human nature) not actually be taking all of 

them whereas the control may only produce the medicines which they routinely take.

In summary it was felt that, although there were some limitations to the design of the study, it was 

carried out as well as possible and was sufficiently robust to explore the issue of the effect of water 

fluoridation on osteoporotic hip fracture
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SedAon]):R^^^^k

Section D.l Body mass index and physical inactivity.

Introduction:
Body mass index (BMI) and physical inactivity, both recent and past, havebeen identihed as 

important riskfactors for hip 6acture(refertop34). TThegrlraveswevend modes ofacdon, (refer 

to hgureB.3.6) asthey can influenceboththebone mass attainedand conserved and also the 

protecdon of the hip from the impact oftrauma. It seemed possible that both BMI and 

inactivity might confound other risk factors that were ofinterest in the subsequent analysis. 

BMI and inactivity were therefore invesdgated first so that the edects of other risk factors 

could be appropriately adjusted.

Method:
Information on BMI was collected by asking all participants for their current weight and 

height. If both were available then BMI was calculated as weight in kg/(height in m/.

Infbrmadon on recent inacdvity was obtained by asking the participants about their usual 

acdvides, cases being prompted to recall a typical week before they came into hospital A 

'typical' week was asked about as it was thought that most of this populadon would normally 

follow a regular routine. The interviewers prompted the interviewees as to when they visited 

the shops, walked the dog or went to the day hospital etc. It was postulated that within the 

population there were subjects who were generally inactive or acdve m many ways. The 

correlation between various indices of inactivity was invesdgated to see if this was true. If the 

different indices were related to each other, then it would be possible to construct a summary 

score of overall recent inacdvity. This could be created by assigning a score to each individual 

inacdvity variable, the most inactive category being assigned the highest score, and the most 

acdve the lowest score. The amalgamated score could then be divided mto thirds of its 

distribution.
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The information that was gathered on past activity related to activities at work. This was 

divided into three periods of life, whole life, first 50 years and after 50 years of age. The 

period of working life was 15-59 for women and 15-64 for men. When information was 

missing on specific activities in a job, an experienced occupational hygienist estimated the 

exposure to the activity from the job title. This was carried out blind to the case/control status 

of the subject. For the person to be included in the analysis they had to have 80% complete 

information for the time period investigated.

Results:

Table D.1.1. shows the association of hip fracture with BMI. Low BMI (< 21.1) was 

associated with a three-fold increase in the risk of hip fi-acture which was statistically 

significant.

Table D.1.1. Association of hip fracture with BMI

Variable Categories No. of

Cases

No. of

Controls

*OR (95% CI)

BMI High (> 24.7) 108 109 l.O(-)

Medium (21.2-24.6) 100 96 1.0 (0.7-1.6)

Low (^1.1) 143 48 3.1 (2-0 - 4.8)

*adjusted for age and sex

Table D.1.2. shows the relation of hip fi-acture to recent activity. There was a consistent 

increase in the risk of hip fracture in people who were recently inactive for each of the 

measures of inactivity. When the odd ratios were adjusted for BMI the relationships remained.
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Table D.I.2.: Association of hip fracture with indices of recent inactivity

Variable Categories No. of

Cases

No. of

Controls

*OR (95% CI) ** Adjusted

OR (95% CI)

Walking

Problems

None 228 203 lO(-) lO(-)

Needs aid/cannot 

walk

196 77 2.4(1.7-34) 2.7(1.8-40)

Time

walked per 

day

> 1 hour 117 127 lO(-) l.O(-)

< 1 hour 117 97 1.4(0.9-20) 1.5(1.0-22)

None 190 56 4L0 (^.6.6^) : 14(2.2-5,5)

Walking 

speed

Normal/fast 97 120 l.O(-) l.O(-)

Strolls 79 75 1.4(0.9-21) 1.5(1.0-24)

Very slow 247 85 :4;P(2J-5,g) 4,6(30-7:1)

Gardening 

per week

> 1 hour 78 117 l.O(-) lO(-)

< 1 hour 345 163 3.2(2.2-45) 2.9 (2.0 - 4.3)

Housework 

per week

> 1 hour 275 247 l.O(-) l.O(-)

< 1 hour 148 33 4.3 (2.8 - 6.5) 4.4 (2.7-7.1)

Climbing 

stairs

Several times a 

day

145 151 l.O(-) lO(-)

Once a day - once 

a week

53 50 1.1 (0.7- 1.8) 1.2(07-1.9)

Never 226 79 p i (2:2-4:5) 29(2.0-4:4)

Carry loads Ever 84 97 1.0 lO(-)

Never 340 183 21(1.5-3.0) 1.8(1.2-27)

* adjusted for age and sex * *adjusted for age, sex and BMI

Table D.1.3. shows that all of the individual measures of recent inactivity correlated with each 

other and it was therefore justified to amalgamate the individual activities into an overall 

score.
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Table D.I.3.: Association between individual indices of recent inactivity.

Associations were summarised by odds ratios (with 95% confidence intervals) for being in the 

least active category of an index if a person was in the least active category of another index.

Walking 

problems

4.6

(3.6 - 5.8)

Time spent 

walking

5.1

(3.9 -6.6)

5.3

(3.8 - 7.2)

Walking 

speed

7.6

(4.7 - 12.2)

10.5

(5.2-21.1)

6.5

(3.8 - 10.9)

Gardening

4.9

(3.4 -7.0)

7.0

(4.4-11.1)

4.6

(2.8 - 7.4)

12.1

(5.8 - 25.2)

Housework

5.2

(3.6 -7.4)

6.5

(4.2 -10.2)

4.7

(3.0 - 7.4)

4.9

(3.3 - 7.4)

4.8

(3.2 - 7.2)

Climbing 

stairs

8.0

(4.8 -13.3)

15.9

(6.2 - 20.6)

11.3

(6.2 - 20.6)

4.7

(3.2 - 6.7)

9.4

(4.7 - 18.9)

6.2

(4.0 -9.4)

Carrying 

loads

Scores were therefore assigned to each individual inactivity variable, the most inactive 

category the highest score and the most active the lowest score, and an amalgamated score 

created. None of the individual scores were weighted in the analysis.

A high recent inactivity score was associated with a more than six times increased risk of 

having a hip fracture. (Table D.1.4.)

Table D.1.4. Association of hip fracture recent inactivity score

Variable Categories No. of

Cases

No. of

Controls

* OR (95% CI) ** Adjusted

OR(95% CI)

Recent

Inactivity

Score

Low 104 143 l.O(-) l.O(-)

Medium 149 91 2.6 (1.7-3.8) 2.7 (1.8-4.1)

High / 171 46 63 (4.0- 10 0) 6.3(3.8-10.5)

* adjusted for age and sex * *adjusted for age, sex and BMI
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Table D I .5 shows the association of hip fracture with past occupational activities. Having 

spent over 4 hours of the day either standing or walking tended to be protective. However, 

this was only statistically significant when assessed over whole life, and with adjustment for 

BMI and recent inactivity the significance was lost. Spending over 8 hours of the day either 

walking or standing was also associated with a reduced risk of hip &acture but this did not 

reach statistical significance. Although the mean recent inactivity score was higher for 

participants who did not walk or stand for over 4 hours a day at work, this was not the case 

for walking or standing over 8 hours a day at work. The unadjusted odd ratios were very 

similar to the adjusted odd ratios, which suggests that neither recent inactivity or BMI were 

strongly associated with past occupational activity measured in this way

Although not statistically significant there was a tendency for a reduction in hip fracture risk in 

participants who had walked over one mile a day for at least 10 years of their working life 

(Table D.1.6.) There was a hint of an increase in hip fracture risk for participants who had 

walked over four miles a day. However the confidence intervals were wide and no clear 

patterns emerged. Again, when adjusted for BMI and recent inactivity, odd ratios were little 

changed, suggesting that BMI and recent inactivity were not strongly associated with past 

walking at work.

When past activity was re-analysed using only activities reported by the subjects and not those 

inferred &om job title, the results were similar.

Table D 1.7. shows associations between hip fracture and occupational lifting Although there 

was a tendency for an increase in risk of hip fracture if the person lifted 25 lbs or more in an 

average working day for 10 years or longer, this was not statistically signif cant.
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Discussion

BMI:
There was a three-fold increase in the risk of hip ifacture for participants who had a 

low BMI (^11) compared to those with a high BMI (>24.7). This was highly 

significant statistically, and unlikely to be due to chance.

The BMI calculated was based on self reported measurements as it was impractical for 

the bed ridden cases to be measured. To avoid bias, information was collected &om the 

controls in the same manner. This method of data collection raises two issues; firstly 

how many people knew their recent weight and height, and secondly, the accuracy of 

the estimate.

It was possible to calculate a BMI for 82.8% of the cases and 90.4% of the controls 

which were adequate proportions of the population. There is a tendency for 

overweight people to underestimate their weight and underweight people to 

overestimate it (Schlichting e/ a/., 1981; Stewart, 1982). This tendency of error 

towards the mean also exists for self reported heights However, if non-diSerential, 

such errors would bias the results towards the null and lead to an underestimate of the 

effect of BMI on the risk of hip fracture.

The increase in the risk of fracture with a decrease in BMI found in this population 

accords with the published literature. Cooper e/ a/ (1988) found a relative risk of 6.7 

(CI 3.8 - 11.7) for the lowest AAh of the distribution of BMI in a case-control study 

undertaken in Southampton. BMI can be used as a proxy for fat mass and Reid and 

colleagues (Reid ef nA, 1992) demonstrated that total fat mass was a consistent 

predictor of femoral neck bone mineral density. From prospective cohort studies, such 

as the Framingham cohort's biennial examination (Felson et a/., 1993) of 693 

postmenopausal women, BMI explained a substantial proportion of the variance in 

bone mineral density in the femoral neck. From a cross-sectional evaluation of the 

Rancho Bernardo cohort, recent body mass index explained more than 29% of the 

variance in bone mineral density in the total hip (Greendale ef a/., 1995). A higher BMI 
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is thought to influence bone mass by increasing overall body weight or load. In 

addition, fat and muscle could help to disperse the force applied to the hip in the 

event of a fall (Grisso e/ a/., 1996; Brocklehurst et a/., 1978; Cummings and Nevitt, 

1989)

Recent inactivity:

The individual measures of recent inactivity were all associated with an increase in the 

risk of hip fracture. The fact that they all correlated with each other, and that the risk 

of hip fracture increased when the amalgamated inactivity score was used, conferred 

confidence in the data. The relationship remained statistically significant when adjusted 

fbrBMI.

One issue to consider was whether the cases and controls were interviewed at similar 

times of the year. The recall of activity of gardening or walking may be different during 

summer months compared to winter months. However this was not a problem as 

during the spring and summer months controls made up 42% of all participants and 

38% during the autumn and winter.

As a tool to estimate physical activity the questionnaire was necessarily crude but 

apparently effective. Other techniques such as activity diaries or pedometers were not 

possible as information had to be collected retrospectively for the cases. If the 

estimates of physical activity were inaccurate then as long as they were non-differential 

between cases and controls, any bias would have been to the null. It seem unlikely that 

cases would have grossly underestimated their usual activities as compared with 

controls.

Another possible bias was that the controls who agreed to participate may have been 

healthier, more independent and more active than the controls who declined to 

participate. If this occurred it would lead to an overestimate of the effect of recent 

inactivity on the risk of hip fracture. It is unlikely that this bias could explain all of the 
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association as cohort studies, which are not subject to control participation rate biases, 

have produced results which agree with our findings (see below).

A number ofqiidemiological stucUeslwive indicated that physical inactivityis a risk factor 

for osteoporotic &acture (Lau g/ a/., 1988; Wickham g/ a/., 1989; Cooper ci a/., 1988). 

Cummingsg/ufA (1995) o^wdud^6onialmge|XOSpKlwe cohort studyofrisk factorsfbr 

hip &acture,that women who recently spent fburhoursper day or less on thar feethad 

twice the liskofwomen v/h() spent more than 6)ur hours per day on their feet. Women 

who regulailywalkedfbrexercise had a 30 percent lower risk ofhipAacture thanwomen 

who did not walk regularly.

Coupland gf aZ (1993) found that physical inactivity was an independent risk factor for hip 

fracture in the elderly Sutgects who did not regularly weight-bear, per&rm muscle loading 

activities such as climbing stairs, or perform productive activities such as gardening, were 

all more than twice as likely to sustain hip fracture, when compared with subjects at the 

higher end of the spectrum.

Greendale e/ a/. (1995) studied a cohort of community-dwelling California adults (1,014 

women and 689 men) with a mean age of 73 years, and found that bone mineral density at 

all hip sites were greater in recent exercisers than in those who engaged in mild or no 

exercise.

Past activity:
The results in relation to past occupational activity were less consistent. There are 

several points to discuss.

Firstly, it was a difficult task for the participants to recall past activities at work. This 

may have been more difficult for the cases as they had just undergone major surgery 

and might have been still feeling poorly. For the m^ority of people we were seeking 

information on activities undertaken up to 60 years earlier. It was especially difficult to 

estimate the distance walked in the jobs. This was in contrast to time on feet as most 

people could remember the length of their working day. An educated guess was made 
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by an experienced hygenist where data were missing (146 out of a total of 

approximately 11,264 jobs). When the analysis was run with the educated guesses and 

without them, the results were broadly the same. Nevertheless the data were not 

complete and may have contained inaccuracies which would probably result in a bias 

towards the null.

Another problem was that no information was available on activity outside paid 

employment. Almost aU of the female subjects had been housewives for a substantia] 

part of their lives. The activities of a housewife vary greatly depending on whether 

there are young children to care for etc. An attempt was made at the beginning of the 

study to collect information about activities related to housework but this proved 

impossible to implement. There were therefore large gaps in the data which again 

would tend to obscure associations.

Although none of the adjusted odd ratios were statistically significant, they suggested 

that walking or standing for over 4 hours a day for at least 10 years was protective 

against hip fracture. There was no further increase in the odds ratio for over eight 

hours of walking or standing which could either be due to the small number of people 

in this category and chance variation, or to the absence of any extra benefit from the 

extra activity. Similarly with the lifting, although there was a tendency for an increase 

in risk of hip fracture if the person lifted 25 lbs or more in an average working day for 

10 years or longer, this was not statistically significant.

Cooper et a/. (7990) reported a three fold increase in the risk of hip fracture for men and 

women who had a sedentary job at age 50. In a study of young Asian women, Hirota g/ a/. 

(1992) found that those who reported the longest prior history of physical activity exhibited 

the highest radial bone mineral density. Conversely those with the lowest bone mineral 

density were more likely to dislike sports.

The problem with this research is that it is difficult to estimate past activity as it relates to 

skeletal loading and perception of exercise intensity is subject to considerable bias when 

activity is self reported In addition it is difficult to distinguish whether a high level of 

physical activity is a marker of a healthier person who is less likely to fall and fracture for 
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reasons other thantheir participationin physical activity, or whether phyacal activity 

actually protects against fracture.

Conclusion

In this population a low BMI was associated with a three-fbld increase in the risk of 

hip fracture which reached statistical significance The study design was sufficiently 

robust to be confident about this conclusion as the biases identified would have led to 

an underestimate of the effect of BMI on the risk of fracture. The result was consistent 

with the published literature on the subject.

In this study the most inactive group of participants were at six times the risk of 

experiencing a hip fracture. This large effect was based on large numbers, exhibited a 

dose response relation and was statistically significant. In addition, the result agreed 

with the published literature.

The published literature suggests a protective effect of past activity on the risk of hip 

fracture Although no overall conclusion can be drawn from the results of this study, 

the findings do not contradict the published literature. Problems encountered in the 

study were inaccuracies and gaps in the data, which are common problems in studies 

based on recall of exposure design and if non-differential would bias the results to the 

null hypothesis, and the small numbers of subjects in some analyses. A prospective 

study would be a better study design to examine the issue of activity throughout life 

and risk of hip fracture but would be expensive.
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Section D.2: Female reproductive variables

Introduction
Although female reproductive histories have many facets, it is the period of time during Avhich 

oesUogeniszn^^Wb^ tosupport andmaintain bonemineralisation thatisthoughttobeof 

primary relevance to hip fracture. The effects of age at menarche and menopause (both natural 

and surgical) on the risk of fracture were therefore explored. The effect of parity on the risk 

of hip h-acture is less well defined and this was also investigated.

Method
As part of the questionnaire, female participants were asked to recall details of their 

reproductive history. Number of children was classified into four categories; none, one, two 

and three or more. Age at menarche, age at menopause and fertile period were continuous 

variables and were therefore listed and categorised into thirds of their distributions. For both 

oopherectomy and hysterectomy, the variables were dichotomised into whether the surgical 

procedure was before the woman's natural menopause or after.

Results
After adjustment for BMI and recent inactivity, the only reproductive variable that showed a 

significant association with fracture was age at menarche (Table D.2.1). There was nearly a 

two-fbld increase in risk of hip hacture for onset of menses at 15 years or older. Although not 

significant there was also a tendency towards an increased risk for menarche at 14 years as 

compared to 13 years or younger.

If anything, risk of hip fracture was higher in women with a later age at menopause, although 

those who had an oophorectomy before their natural menopause had a higher risk. No 

association was found with the total fertile period, which was dehned as number of years 

between menarche and menopause. Giving birth to three or more children was associated with 

nearly a two-fbld increase in risk, although this was not statistically significant.
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Table D.2.1 Association of hip fracture with female reproductive variables

Variable Categories No. of 
cases

No. of 
controls

*OR (95% CI) ** Adjusted OR 
(95% CI)

Number of 
children

None 54 37 lO(-) lO(-)

One 57 37 1.1 (0.6-2.0) 1.1 (0.6 - 2.2)

Two 91 68 ::;:L0:g61^7);-; .h::1^5r,l-:^::.

Three or more "132 ■ 71i 1.4(0.8-23) 1.6 (0.9-2.9)

Age at 
menarche

13 or younger 102 87 lO(-) LO(-)

14 9S 62 1.3(0.8-20) 1.2(01-19)

15 or older 124 57 1.8(12-2:8): L»(ll-3,%

Age at 
menopause

44 or younger 86 64 lO(-) I.O(-)

45-49 86 50 1.3(0.8-2 0) 1.5 (0.8 - 2.6)

50 or older 127 87:1: 1:0(0:7116) : 1:Z (O,8 : 2,^ ::

Fertile period 
(menopause - 
menarche)

31 years or 
less

111 68 l.O(-) lO(-)

32 - 35 years 79 54 0.8 (0.5 -1.2) 1.0 (0 6-1.7)

36 years or 
more^^^^^^^^^^^^^^^^^

105 0,^(Q^%;i%) 51.0(0:6-1:6):

Ovary/ovaries 
removed at or 
before 
menopause

No 290 177 l.O(-) l.O(-)

Yes 25 15 1.0(0.5-21) 1.7(0.8-38)

Hysterectomy 
at or before
menopause

No 277 179 l.O(-) lO(-)

Yes 44 31 1.0 (0.6 - L6) 1.5(0.8-26)

*adjusted for age and sex, **adjusted for age, sex, bmi and recent activity
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Discussion:
In this population there was nearly a two-fold increase in fracture risk associated with a late 

age of menarche. The relationship remained after adjusting for both current BMI and recent 

inactivity. In addition, there was a dose-response effect as, although this did not reach 

statistical significance, there was a tendency for an increase in risk for age of menarche of 14 

years compared to 13 years or younger. Of the 547 women, 527 reported their age at 

menarche which was a sufficient proportion to be representative of the population.

Age at menarche could be related to risk of hip fracture in at least two ways. Firstly, events 

which precipitate earlier menarche may be associated with characteristics which have been 

reported to produce greater bone density, for example BMI. Secondly it has been suggested 

that women with an earlier age at menarche are likely to have a longer time between menarche 

and the menopause, a time frame during which oestrogen resources are available to support 

and maintain bone mineralisation. However, when we looked at total fertile period no 

association was found with risk of hip fracture.

Also in agreement with the literature, although not reaching statistical signihcance, was an 

increase in risk if oophorectomy or hysterectomy was performed before the natural 

menopause. A problem encountered was that of the 128 women who had undergone a 

hysterectomy, 31 did not know if their ovaries had also been removed. There might therefore 

have been some misclassification which would probably bias the results towards the null.

The overall results for age at menopause contrasted with those in other studies which have 

indicated that the risk of hip 6acture is greater with an earlier age of menopause (Krieger e/ 

a/., 1982; Richelson e/ a/., 1984; Aitken e/ a/., 1976) Women had difBculty remembering 

their age at menopause accurately in the current study, and this may have contributed to the 

apparent discrepancy. Of the 547 women only 500 recalled their age at menopause and often 

they reported their age to the nearest decade, for example 'sometime in my 50s' for which the 

average of 55 years was recorded This potential misclassification again would probably have 

biased the results towards the null. It is likely that the direction of the effect of menopause 

explains why no protective effect of an increase in the length of the fertile period was 

observed.
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Althoughthere was a tendency for an increase in the risk ofhip fracture with an increase in 

number of children, this did not reach statistical significance. Most studies investigating the 

issue have found no association between risk ofhip fracture and parity, (Kreiger g/ a/., 1992, 

Aiderman ef a/., 1986; Ribot ef a/., 1993; Cumming andKlineberg, I993;Laskeyefa/., 1990) 

^Wwughbvo^ndksO^^*mmHHm efa/., 1991; Hoffman efa/., 1993) suggested a protective 

effect of increasing parity. Failure to account for potential confbunders such as ability to 

conceive and ability to reach term may account for the different outcomes.

Information was also requested on hormone replacement and oral contraceptive use but the 

number of women who had used them was too small to analyse. This was to be expected in 

this age group. In addition, very few women stated that they had experienced ammenorrhoea 

but this could have resulted from poor design of the question.

Conclusion
In this study a later age at menarche (>=]5yrs v.<=13yrs) was associated with nearly a two­

fold increase in risk ofhip fracture which was statistically significant. As 96% of the women 

were able to recall their age of menarche and no obvious bias could be identified, there can be 

confidence in this finding.

The expected relationship of increase in hip fracture for an earlier age at menopause was not 

observed, although oopherectomy before natural menopause was associated with a nearly two 

fold increased risk of fracture but this was not statistically significant. The main limitation of 

this analysis was the inaccuracies and gaps in the recall of age at menopause. An 

improvement would be to undertake a prospective study as then the age at menopause could 

be determined more accurately.

Giving birth to three or more children was associated with an odds ratio of 1.6, which 

contradicts previous studies that have found either no increase in risk or a protective effect 

However, the association did not reach statistical significance and may have occurred by 

chance.
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Section D.3: Other Risk Factors for Hip Fracture.

Introduction

In addition to BMI, physical inactivity and reproductive variables, other risk factors for hip 

fracture have been identified in the literature. These include type of current residence; previous 

fractured hip or wrist; high alcohol intake; smoking; diagnosis of diabetes; rheumatoid arthritis 

or stroke; number of teeth; low calcium intake; low sunlight exposure and current medication.

All of these risk factors have been discussed in the introduction (p 31). Figure B.3.6 (p.32) 

summaries the risk factors and their proposed mode of action. They were investigated to see if 

they were also risk factors in our population.

Method

With the exception of current residence and medication, information on the risk factors was 

obtained by using the nurse administered structured questionnaire. Both current type of 

residence and medication were recorded from the medical notes of the cases and by directly 

asking the controls The controls were asked to produce their current medications as 

confirmation. For the three controls who failed the mental test, residence was known as the 

nurse had interviewed them at home but current medication was unavailable.

Results

Table D 3.1 shows that living in one's own home was associated with a 70% reduction in the 

risk of hip fracture.
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Table D.3.1: Association of hip fracture with living in one’s own home. The analysis included 

all eligible cases(including those who did not complete the interview)and interviewed controls.

*adjusted for age and se.x

Category No. of 
Cases

Cases who 
passed 

MTS (%)

No. of
Controls

Controls 
who passed 
MTS (%)

*OR
(95% CI)

Living in warden 
controlled/ residential 
home/ nursing home

313 37.4 44 95.4 LO(-)

Living in own home 424 72.4 240 99.6 0 3 (0.2 - 0.4)

Table D.3.2 shows that when risks were adjusted for age, sex, BMI and recent inactivity, 

living in one’s own home was associated with a 20% reduction in risk of hip fracture, but this 

was no longer statistically significant. This analysis was restricted to subjects who passed the 

mental test.

Table D.3.2. Association of hip fracture with living in own home. The analysis only included

interviewed cases and controls.

Category No. of 
Cases

No. of
Controls

* OR (95% CI) ** Adjusted
OR (95% CI)

Living in warden 
controlled/ residential 
home/ nursing home

117 42 lO(-) 1.0 (-)

Living in own home 307 239 0.5(03-0-7) 0,8 (0.5-1.3)

*adjusted for age and sex **adjusted for age, sex, BMI and recent inacti^ity

Table D.3.3 shows that previous fracture was associated with an increased risk of subsequent 

hip fracture. Overall there was approximately a two fold increase with past wrist fracture, 

which was statistically significant for ‘ever broken wrist’, ‘broken wrist once’ and ‘broken 

wrist at 40 year or older’. Previous hip fracture was associated with an increase m risk but this 

was not statistically significant.
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*adjusted for age and sex **adjusted for age, sex, BMI and recent inactivity

Table D.3.3 : Association of hip fracture with previous fracture._________ ___
Variable Category No. of 

Cases
No. of 

Controls
*OR (95% CI) ** Adjusted

OR (95% CI)
Broken hip 
(other hip if 

subject a 
case)

Never 388 268 i.o(-) lO(-)

Ever , 36 12 2,0 (1.0 - 3 9) 13(06-2.7)

Broken 
wrist

Never 303 233 lO(-) l.O(-)

Ever 121 &2.0 (1.3^2^ 2.m.3-3J2T

Times 
broken 
wrist

Never 302 233 l.O(-) l.O(-)

Once 106 42 1.9(13-2:9) 2.0 (U , 32)

Twice 16 ■ -5. 2.6(09 - 7^1) : 2.4 (0k7 - 8.(%

Broken 
wrist before 
40 years of 

age

No 394 263 1.0 (-) lO(-)

$ Yes 22 12 1.3(0.6-26)

Broken 
wrist at 40 

years of 
age or older

No 325 245 lO(-) lO(-)

Yes 91 30# 23(1.5-3.6) 2.2 (1.3 - 3.7)

Broken 
wrist 
or hip

Never 281 225 1.0 (-) l.O(-)

Ever 143 55 2.1(1.4-30) T9 (1.2-2.9)

Table D.3.4 reveals that smoking did not affect the risk of hip fracture. However, among ex­

smokers, having stopped smoking for over 30 years was associated with a decreased risk of 

hip fracture.
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*adjusted for age and sex **adjusted for age, sex, BMI and recent inactivity'

Table D.3.4 : Association of hip fracture with smoking.
Variable Category No. of 

Cases
No. of

Controls
*Unadiusted

OR (95% CI)
** Adjusted 

OR (95% CI)
Ever smoked

regularly

Never 178 111 LO(-) LO(-)

Ever 246 169 1.0(0 7-14) (0.6-1.3)

Type of 
smoker 
(No. of 

cigarettes per 
day)

Never 
(<1)

184 119 LO(-) LO(-)

Light
0-19)

135 92 1.0 (0.7-15) 1.0(06- 1.5)

Heavy 
(^0)

105 69 2 1 ^0 7 ^ 1 y y L0(0.6tl,?)H:

Current 
smoking 

status

Never 178 111 LO(-) LO(-)

Ex smoker 147 113 0.9 (0.6 - 13) 0 9(0.6-1,4)

Current 
smoker

99 56 1.2 (08-1.9) 0:9 (0^:1^:

Ex smoker 
(number of 

years stopped)

Less than 
15 years

59 32 l.O(-) LO(-)

15-29 
years

43 34 0.7 (0.3 - 1.3) 1.0(0 4 -2 .1)

30 Years or 
more <

Table D.3.5 shows that there was shght decrease in risk of hip fracture for participants 

consuming over 4 units of alcohol a day, but this was not statistically significant.

*adjusted for age and sex **adjusted for age, sex, BMI and recent inactivity

Table D.3.5 : Association of hip fracture with alcohol intake.
Variable Category No. of 

Cases
No. of

Controls
*OR (95% CI) ** Adjusted 

OR (95% CI)
Amount of 

alcohol 
drunk 

per day

None 252 136 LO(-) LO(-)

0.05 - 4 
units

90 74 0.7 (0.5- 1.0) 1.0 (0.6- 1.5)

4 Tunits 
or more

70 : 0:6 (0 4 -1.0) ; g:8 (0:5_E2)H:
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Table D.3 .6 confirms that a previous diagnosis of rheumatoid arthritis was a risk factor for hip 

fracture. There was a two fold increase in risk which was statistically significant.

ip fracture with illness
Variable Category No. of 

Cases
No. of 

Controls
*OR (95% CI) * Adjusted OR 

(95% CI)

Diabetes Never 392 262 l.O(-) l.O(-)

Ever 32 18 1.2 (0.7-2.2) 018 (0:4 /1.5)

Rheumatoid
Arthritis

Never 382 269 lO(-) l.O(-)

Ever 42 11 2.7 (1.4 - 5.4) *2.3 (1.1 -5.1)

Stroke Never 366 250 i.o(-) l.O(-)

Ever 58 30 1.3 (0.8-2.1) 0. 8 (0. 4 - 1.4)

♦adjusted for age and sex **adjusted for age, sex, BMI and recent inactivity

Table D.3.7 shows that still having some of one’s own teeth was associated with a decrease in 

the risk of hip fracture, but that this was not statistically significant.

♦adjusted for age and sex ♦♦adjusted for age, sex, BMI and recent inactivity

Table D 3 7 Association of hip fracture with retention of own teeth
Variable Category No. of 

Cases
No. of 

Controls
♦OR (95% CI) ♦♦Ac^usted 

OR (95% CI)

Number of 
own teeth

None 309 170 LO(-) l.O(-)

Any 115 110 0.6 (0.4 - 0.8) 0.8 (0.5-1.1)

Table D.3.8 shows that there was a non-significant trend towards a reduced risk of hip 

fracture with moderate or high intake of dietary calcium.
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*adjusted for age and sex **adjusted for age, sex, BMI and recent inacti\dty

Table D.3.8: Association of hip fracture with dietary calcium intake
Variable Category No. of 

Cases
No. of

Controls
*OR (95% CI) ** Adjusted 

OR (95% CI)
Calcium 
intake 

mg per day

574 or less 140 71 l.O(-) l.O(-)

*575-807 123 ^ (0.4 - 1:0)^ 0:7(ffS-l^
808 or ■ 
more

; 161;: " 08(0,5^1^)

Exposure to sunlight for more than an hour per day did not effect the risk of hip fracture. 

(TableD.3.9)

*adjusted for age and sex **adjusted for age, sex, BMI and recent inactivity

Table D.3.9: Association of lip fracture with sunhght exposure
Variable Category No. of 

Cases
No. of 

Controls
*OR (95% CI) ** Adjusted 

OR (95% CI)
Hours of 
sunhghta 

day

< 1 hour 221 124 l.O(-) lO(-)

> 1 hour 201 156 0.8 (0.6 - 1.0) 1.1 (0.8- 1.5)

Table D.3.10 summarises the associations of hip fracture with six types of medication. Oral 

steroids were associated with an increase in risk which contrasted with a reduced risk 

associated with use of inhaled steroids. Vitamin D supplements were associated with an 80% 

reduced risk of hip fracture. Medication which caused drowsiness was associated with nearly a 

two fold increase in risk. Both analgesics and NSAIDs (non-steroidal anti-inflammatory 

drugs) were associated with a lower risk of hip fracture.
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*adjusted for age and sex **adjusted for age, sex, BMI and recent inactivity *Non-steroidal anti-inflanunatory

Table D.3.10 : Association of hip fracture with current medication..
Variable Category No. of 

Cases
No. of 

Controls
*OR (95% CI) ** Adjusted 

OR (95% CI)
Oral 

Steroids
No 401 275 lO(-) l.O(-)

Yes 23 3.1(12-8,4) M7 (0.6.4.8)

Inhaled

Steroids

No 400 260 LO(-) LO(-)

Yes 24 20 0.8 (0.4- 1.5) 0.5^(0 2-10)

Vitamin D 
supplements

No 414 243 lO(-) 1 O(-)

Yes 10 37 0.2 (0.1 -0.3) 02 (0,1 - 0.5)

Medication 
which can 

cause 
drowsiness

No 306 246 l.O(-) l.O(-)

Yes 118 34 2.8 (1.8-4.2) 1.8 (1.1 -2.9)

Analgesia No 383 228 lO(-) i.o(-)

Yes 41 52 0.4 (0.3 - 0.7) 0.4 (0.2-0,6)

nsaid" No 323 204 lO(-) l.O(-)

Yes 101 76 0.8 (0.6 -1.2) 0.7 (0 4 - TO)

drugs

Discussion

When type of residence was investigated, including all eligible cases (including those who 

failed to complete the interview) and interviewed controls, presently living in one’s own home 

was associated with a statistically significant 70% reduction in the risk of hip fracture. 

However, when the analysis was restricted to those participants who completed the interview 

and adjusted for BMI and recent activity, the risk although remaining in the same direction, 

was no longer significant. This was not surprising as it is known that people who have 

relocated to a nursing home, residential home or warden controlled flat are generally frailer, 

more unwell and hence less active than people who can still live independently.
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The type of residence was well documented in the hospital notes and if there was a query then 

the case was asked for clarification. The controls were visited in their homes and therefore it 

was very unlikely that there were inaccuracies.

The main problem with the analysis of the whole data set was that the controls were probably 

not representative of the population. All eligible cases (including those who failed the mental 

test) were included in the analysis, but, a large proportion of potential controls who currently 

lived in a nursing home or residential home probably would have failed the mental test score 

and therefore did not participate. It is likely that this would lead to an overestimate of the 

relationship between current residence and risk of hip fracture. However this bias would not 

have affected the second analysis in which only participants who completed the interview were 

included.

Mivavet et a/. (1993) re-analysed the findings of the Mediterranean Osteoporosis (MEDOS) 

study and found that living in an institution remained an independent risk factor after adjusting 

for urban background, inactivity and morbidity. It is known that fractures often happen in the 

first months of institutionalisation and the authors postulated that the explanation could be the 

change in physical surroundings which may increase the likelihood of falling. However, when 

type of residence was treated as a potential risk factor in our population and a^usted for BMI 

and recent inactivity, living in one's own home was associated with a reduced risk but this was 

not statistically signfGcant.

There was a consistently higher risk of hip fracture for participants who had previously broken 

their hip or wrist. Overall, breaking a wrist was associated with a two fold increase in risk. 

Previous broken hip carried an increase in risk (OR= 1.3) but this was not statistically 

significant. There was a trend of increasing risk with the number of times that a participant had 

broken a wrist which suggests a dose-response effect and confers confidence in the data, 

although the variable 'broken wrist twice' was not statistically significant. This was probably 

due to the small number in this category.
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Breaking a wrist before 40 years ofagewas not a statistically significant risk factor and was 

associated with a smaller odds ratio than wrist fracture after 40 years. The cut-off of 40 years 

was chosen as fractures before this age could not confidently be categorised as osteoporotic 

(refer to figure B.3 4 ). In fact, most of these early fracture were in the participants' formative 

years.

It is commonly recognised that patients with one type of age-related fracture often have an other. 

Indeed the presence of osteoporosis at one site is associated with osteoporosis at another. 

Cummings et of (1995), found that history of any type of fracture since the age of 50 was 

associated with an increased risk of hip fracture The relative risk was 1.5 with a 95% confdence 

interval of 1.0 to 2.1 Patients with hip fiacture are about twice as likely as expected to have had a 

prior wrist &acture (Gallagher et al., 1980, Aifffam, 1964 and Owen et al, 1982). It follows that 

the risk factors present at the time of the first fracture will persist and in fact this fracture may 

further worse) the risk profile. For example, if a person experiences a hip fracture it is likely that 

the morbidity associated with this fracture would result in the person being less active and thus 

more at risk of another hip fracture.

There was no conclusive relationship between alcohol intake and hip fracture, although it 

tended to be protective There were several problems with the data Firstly, alcohol intake is 

generally under reported and it is possible that the cases were trying to work out why they had 

had a fracture and underestimate their intake because they expected it to be perceived as being 

wrong. Also there were a few known alcoholics among the cases, and they were generally 

uncooperative and included some who refused to respond to that question. These factors 

would bias the results towards an apparent protective effect

The evidence from other studies for an association between moderate alcohol intake and fracture is 

contradictory. Felson and colleagues examined the issue using a retrospective cohort design 

(Felson ef a/., 1988) and found relative risks of 1, 1.34 and 1.54 far light, moderate and heavy 

drinkers respectively among women and 1,0.78 and 1.54 in men. All confidence intervals included 

unity. Hememway and colleagues studied 96,508 nurses ages 35-59 years (Hemenway et al., 1994) 

and found an interaction between body weight and alcohol intake. Women were only at increased 

risk of hip fracture if they were thin and drank more than 15mg of alcohol a day.
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Alcoholismhas been assodated withreduced bone minaraldaisity, (Dalen and Lamke, 1976 and 

Chon et al., 1992) but the picture is complicated as alcoholism is associated with other risk factors 

for osteoporosis such as poor nutrition, leanness, malabsorption, vitamin D deficiency, tobacco use 

andan increasedriskoffalling.

No relationship was observed between smoking and hip &acture in this study except that 

stopping smoking for over SOyears wasprotecdve compared to having stopped for less than 

15 years. This maybe a spurious result based on small numbers. As with alcohol (see above) 

cases may perceive that they are doing wrong by smoking and underestimate their smoking 

habits. This would bias the results towards a protective egect and might mask a true adverse 

effect of smoking.

In most, but not all studies, tobacco use has been associated with an increased risk of hip hactures 

both in women and in men (Seeman, 1996) Law and Hackshaw (1997) published the results of 

a meta-analysis of 19 cohort and case-control studies reporting risk of hip fractures in smokers 

relative to non-smokers. They found that the risk for women was similar at age 50 but greater 

thereafter by an estimated 17% at age 60, 41% at 70, 71% at 80 and 108% at 90. The 

increased risk for fractures associated with tobacco use is likely to be partly conferred by a 

reduction in bone density. Tobacco users often start smoking by 10 to 12 years of age, so that 

reduced peak bone density may contribute to any deficit in bone density in adulthood

Of the illnesses that were noted in the literature as being risk factors, only rheumatoid arthritis 

was identihed as a risk factor in this study. In fact, the risks associated with both diabetes and 

stroke, although not statistically signihcant, were in the opposite direction to that expected. 

Care was taken during the data collection to differentiate between osteoarthritis and 

rheumatoid arthritis.

Patients with rheumatoid arthritis have been cited as a group with increased risk of osteoporosis as 

they can exhibit rapid bone loss due to active disease and immobility. In addition, rheumatoid 

arthritis is commonly treated with oral steroids which have a well-documented deleterious eSect on 

bone turnover (Riggs cf a/., 1966; Gennari and Imbimbo, 1985; Hahn g/ a/., 1979). This study 

found that over 10% of the cases and almost 5% of the controls had been diagnosed with 
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rhaimatoid arthritis, whereas a recalled cumulative prevalence of 1-1.5% would have been 

expectedinthis population. This suggests over-reporting odTrfwaurnaiCKkiardirhis even thoughcare 

had been taken to differentiate between osteoarthritis and rhaunatoid arthritis when questioning the 

participant. It is possible that the cases over-reported more than the controls as they were looking 

for a reason why they had broken their hip and this would exaggerate any relationship between 

rheumatoid arthritis and osteoporotic hip Ifacture

In agreement with the literature, still having any of one's own teeth was associated with a 

decrease in risk of hip fracture, although this did not reach statistical significance. There was 

confidence that the participants would know if they had any of their own teeth and the data 

were regarded as accurate. It was possible that if fluoride intake affected hip fracture, this 

could confound associations with tooth retention. This association is explored in Section D.6

When the group with the highest third of calcium intake per day and the middle third were 

compared to the lowest third there was a non-significant 30% and 20% reduction in the risk of 

hip fracture respectively. This agreed with the literature reporting that there is a threshold of 

calcium intake for its effect on hip fracture.

Food frequency questionnaires are fraught with problems and this was no exception. The 

questionnaire used was a quick and easy way to estimate calcium intake and had previously 

been shown to correlate well with estimates derived from more robust methods such as 

duplicate diet analysis and six day weighed inventories (Nelson e/ a/., 1988). It had been 

shown that compared to the other methods there was a tendency to underestimate intakes, but 

that the calcium questionnaire did not grossly misclassify subjects. As calcium intake was a 

potential confbunder and not the primary focus of the study, and the method used was able to 

rank the subjects confidently, it was considered appropriate. Any misclassification that 

resulted is likely to have been non-differential, with the effect of obscuring associations with 

fracture. If calcium intake had turned out to be an important confbunder, the errors could have 

meant this its confbunding effects were not fully controlled, but this did not appear to be a 

problem.
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Cooperg/oZ. (1988)fbundinacaaBConbT4st^i^ii%nglhe!wm^2cakaum  questionnaire, that 

there was no relation between calcium intake and hip fracture in women, but men with daily intakes 

above Ig had lower risks. A further prospective study by the same workers conhrmed that a 

reduced intake ofdietary calcium was not a risk factor for hip fracture (Wickham e^ur/., 1989). 

Another prospective study, this time conducted in California, found the dietary calcium was 

inversely related to risk of hip fracture (Holbrook g/ a/., 1988). Welton c^ ur/. (1995) discovered a 

positiveassociationbetween calcium intake arrdbtMnenaassur a meta-analysis. Thirty three studies 

had been performed in adults between 18 and 50 years of age. The authors advised a calcium intake 

of 1500 mg/day throughout life.

Thus, ahdroL^ghlkrv/cxdciurnhrtakehasrK^lxaen idartihedasarisk factorin all studies, noneofthe 

studies have found an increased risk of hip fracture with high calcium intake. It would seem 

prudent to treat low calcium as a risk factor for osteoporotic hip fracture as adequate calcium 

intake seems a logical requirement far healthy bone metabolism

Duration of sunlight exposure influences the amount of vitamin D manufactured by the skin. 

The unadjusted odd ratios showed a significant protective effect of sunlight, but this 

disappeared when adjusted for recent inactivity and BMI This was to be expected, insofar as 

sunlight exposure is likely to be associated with higher levels of current activity. Participants 

found the question on sunlight difficult to answer and tended to concentrate on sunbathing 

rather than other activities undertaken outside. It is possible, therefore, that the absence of an 

association with sunlight occurred because of misclassification of exposure.

There was a non-signifcant increase in the risk of fracture with use of oral steroids. This was 

in the direction expected as steroids are known to have a deleterious effect on bone mineral 

density. It was possible that some participants taking oral steroids had rheumatoid arthritis 

which was confounding the effect of the steroid. However, when the analysis was adjusted for 

a diagnosis of rheumatoid arthritis (5 of the 28 participants currently taking oral steroids had 

been diagnosed with rheumatoid arthritis) the odds ratio was only slightly reduced 1.6 (CI 0.6 

-4.6).

Inhaled steroids appeared protective against hip fracture There was a 50% reduction in risk of 

hip fracture in participants currently taking oral steroids which was statistically signifcant. 
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One explanation could be that asthmatics prescribed inhaled steroids may be more active than 

asthmatics not taking the medication.

Participants taking vitamin D supplements experienced a statistically signihcant 80% reduction 

in risk of hip fracture. This was in the direction expected from the literature. The association 

may have been confounded by the occurrence of osteoporosis which would be an indication 

for prescribing vitamin D, but this would have biased the results towards an underestimate of 

the protective effect of vitamin D

Medications which are known to have the potential to cause drowsiness increased the risk of 

hip fracture nearly two fold and this reached statistical significance The drugs were identified 

by reference to the 'British National Formulary', which states the drugs that require the 

warning 'may cause drowsiness' on their label when the drug is dispensed. Cummings e/ a/. 

(1995) found that therapy with long-acting benzodiazepines and anticonvulsant drugs increased the 

risk of hip fracture. One hypothesis is that these drugs may increase the propensity to fall, 

another is that they can impair protective responses.

Presently taking analgesia was associated with a statistically significant 60% decrease in risk 

of hip fracture One explanation may be that participants who were not in pain may have been 

more active than those experiencing pain or the relationship could simply be a chance finding. 

A literature search revealed no relevant studies of the relationship between hip fracture and 

analgesia.

Currently taking non-steroidal anti-inflammatory drugs also conferred protection on the risk of 

hip fracture. It is thought that prostaglandin inhibition by NSAID may inhibit bone loss and 

preserve bone mineral density (Bauer e/ a/., 1996).

Overall there were several problems with the collection of data on current medication. As 

described in the methodology, information for the cases was collected from their hospital 

notes and controls were asked to produce their medication as confirmation. It was possible 

that some items of medication were missed by the controls especially if they were not taken on 

a routine basis. This could underestimate any protective effect of the medication and 

overestimate any harmful effect.
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More generally doctors in Hartlepool may have different prescribing habits than those in 

Middlesbrough and Stockton. If fluoride was found to exert an effect on the risk of hip 

fracture then it may be that fluoride was confounding the effect of the medication. The 

relationship between fluoride and fracture risk is explored in Section D.4.

Conclusion
In this population previous wrist fracture and a diagnosis of rheumatoid arthritis were 

confirmed as a risk factors for osteoporotic hip fracture. Both variables produced odds ratios 

in the same direction and magnitude as observed io the literature.

When type of residence was adjusted for BMI and recent inactivity no statistically significant 

association was evident with risk of hip fracture This was in contrast to the published 

literature, but other studies have not always taken BMI into account.

There was no confirmation from this population that alcohol or smoking increased the risk of 

hip fracture as suggested in the literature. This may have been because of problems with the 

data collection as discussed.

The relationship between calcium intake and risk of hip fracture confirmed the results of 

previous workers in this country. There was a non-significant reduction in risk of hip fracture 

for moderate intake of calcium which did not further reduce for the high intake category. 

Exposure to sunlight was not reliably reported, and it was unsurprising that no relationship 

with hip fracture was observed.

Retention of one's own teeth was associated with a non-significant reduction in risk of hip 

fracture as expected from the literature.

There were some interesting findings in relation to current medication which warrant further 

investigation as the published literature on the subject is limited.
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Section D.4: Fluoride as a risk factor for hip fracture

Introduction
The prime purpose of the study was to investigate the association between hip fracture and 

fluoride in drinking water. Information on the link between fluoride exposure and increased 

risk of hip &acture has been presented from drug trials, ecological studies and studies of 

individuals. The results have been discordant and one criticism was that fluoride exposure had 

been poorly measured. The main advance in the current study was the painstaking attempt to 

estimate fluonde exposure. Both past exposure to fluoride in the drinking water and current 

intake of fluoride, estimated from tea, Ash, drinking water and fluoride toothpaste, were 

investigated. Also, many of the other studies did not collect such detailed information on 

possible confbunders.

Method
Residential history was used to assign a water Auoride concentration for each year of the 

person's life (refer to p.6S). These data were then amalgamated into an average for the Arst 20 

years of life, the last 20 years and over the person's whole life. Only people for whom at least 

90% of the residential history could be coded were used in the analysis.

Obviously, only parAcipants who completed the interview could be used in the above analysis. 

Current address, however, was available from the hospital notes for all subjects, including 

those who failed the mental test. To see if current address could be used as a proxy for 

Auoride exposure, the relationship between lifetime average Auoride concentrations and 

current address was examined in those subjects whose Auoride exposures could be estimated.

Four indices of current Auoride intake were investigated, namely Ash, tea, tap water 

containing in excess of 0.9ppm and toothpaste use. Intake of Ash was dichotomised according 

to whether it was eaten less than once a week or at least once a week. The amount of tea 

drunk was split into thirds of its distribution to create a low, medium and high category. Tap 

water intake was classiAed according to whether participants drank water which contained less 

than 0.9ppm, or at least 0.9ppm. The second category was then split into two according to Are 
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daily volume of tap water consumed (low intake was < 1583 mis a day and high intake was 

>1583 mis a day).

Finally, the odd ratios associated with fluoride exposure were adjusted for the other variables 

which were found significant in the analysis to date and thought to be possible confbunders of 

the effect of fluoride.

Results

Table D.4.1. shows that there was no relationship between high fluoride exposure, as 

estimated from residential history, and osteoporotic hip fracture.

Table D.4 2 confirms that most people who were currently residents of Hartlepool were 

categorised in the high fluoride group

Table D 4 3 shows that when current residence in Hartlepool was used as a proxy for high 

fluoride exposure, again fluoride exposure was not associated with an increased risk of hip 

fracture.

Table D 4.4. in keeping with the above results, displays no increase in the risk of hip fracture 

for other indices of current fluoride consumption. In accordance with above, current high 

intake of drinking water, which contained in excess of 0.9ppm, was not associated with an 

increase in the risk of hip fracture. There was, however, a non-significant reduction in the risk 

of hip fracture among people using fluoride toothpaste. (Table D.4.5.)
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Table D.4.1 : Associations of hip fracture with water fluoride concentration at place of 

residence.

*adjusted for age and sex

Time period Fluoride 

concentration

No. of

Cases

No. of

Controls

*OR (95% CI)

Average over 

life

Less than 

0.9ppm

330 200 l.O(-)

0.9ppm or 

more

67 44 1.0(0.7-15)

Average over 

first 20 years

Less than 

0.9ppm

349 220 LO(-)

0.9ppm or 65 40 1. 0 (0 7 T L5)

Average over 

last 20 years

Less than

0.9 ppm

339 212 lO(-)

0.9 ppm or 

more

71 48 LO (0.7-1.5)

Table D.4.2 : Association of current address in Hartlepool with lifetime exposure to fluoride 

in drinking water as estimated from residential history

Time period Fluoride

Concentration

Number with 

Hartlepool 

address

Percentage

Average over life 0.9ppm or 

more

105 91.3

Average over first

20 years

0.9ppm or 

more

94 75.8

Average over last 20 

years

0.9ppm or 

more

119 94.4
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Table D.4.3 : Associations of hip fracture with current residence in Hartlepool.

This analysis included all eligible cases and interviewed controls.

*adjusted for age and sex

Variables Category No. of

Cases

No. of

Controls

*OR (95% CI)

Current

address

Stockton or

Middlesbrough

609 230 lO(-)

Hartlepool 128 53 09(0.6 - 1.3)

Table D.4.4 : Associations of hip fracture with dietary sources of fluoride.

Variable Categories No. of

Cases

No. of

controls

*OR (95% CI)

Fish 

consumption

< once a week 344 232 lO(-)

> once 

a week

80 48 L2(0.8-Lg

Tea intake Low 151 95 lO(-)

Medium 135 93 0.9 (0^6 - 1.3)

High

Tap water

intake

Tap water with

<0.3 ppm

342 230 l.O(-)

Low intake of tap 

water with >0,9ppm 

fluoride

42 25 1.1 (0.6 - L8)

High intake of tap 

water xvith <0.9ppm 

fluoride

*adjusted for age and sex

, O'r *•'0.
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Table D.4.5 : Association of hip fracture with use of toothpaste containing fluoride. Analysis 

excluded subjects with no teeth.

Variable Categories No. of

Cases

No. of 

controls

*OR (95% CI) ** Adjusted

OR (95% CI)

Toothpaste Do not use 17 5 l.O(-) l.O(-)

Use 98 105 0.3 (0.1 ^ 0.8)# 0 3 (0.1 -LT)

* adjusted for age and sex **adjusted for age, sex, bmi and current activity

Table D.4.6. displays the culmination of the analysis. After adjustment for age, sex, BMI, 

recent inactivity, rheumatoid arthritis and age at menarche, there was no increase in the risk of 

hip fracture for participants exposed to higher levels of fluoride in water. Rather, if anything, 

there was a tendency towards a protective effect of fluoride.

Table D.4.6: Associations of hip fracture with water fluoride concentration at place of 

residence. All odds ratios are adjusted for age, sex, BMI, current activity, rheumatoid arthritis 

and age at menarche.

Time Period Fluoride

Concentration

No. of

Cases

No. of

Controls

Adjusted OR 

(95 % CI)

Average over

lifetime

Less than 

0.9 ppm

330 200 lO(-)

0,9 ppm or

more

67 44 0.6 ( 0.4- LO)

Average over 

first 20 years

Less than 

0.9 ppm

349 220 LO(-)

0.9 ppm or 

more

65 40 0.7 (0.4-1.2)

Average over 

last 20 years

Less than 

0.9 ppm

339 212 lO(-)

0.9 ppm or 

more

71 48 0 5 (0.3 - 0.9)
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Discussion
None of the indicators of higher fluoride intake resulted in a statistically significant increase in 

the risk of hip fraclure. Ifanything, it appeared that participants who were exposed to higher 

concentrations of fluoride in the drinking water had a lower risk of hip fracture than those 

exposed to lower (X)ncentrations of fluoride Indeed for the variables average over lifetime 

and 'average over last 20 years' participants with exposure to fluoride in the drinking water of 

at least 0.9ppm had a reduced risk of hip j&acture of 40% and 50% respectively. In addition 

the confidence intervals of the odds ratios were narrow and did not include unity. It was 

encouraging that all of the results (although they did not all reach statistical signihcance) were 

in the same direction.

The fact that the results not only suggested that high concentrations of fluoride in the drinking 

water did not increase the risk of hip fracture but in fact inferred that fluoride exposure may 

protect against the risk of hip fracture will be important if confirmed in the analysis of the 

whole data set. It is interesting to think about this apparent protective eGect of fluoride in the 

drinking water. This result could be due to bias or confounding, although no major sources of 

either eGect were identified (as discussed below). It could be a chance eGect which is a 

possibility especially at this stage of the analysis, although the numbers were suGicient to 

produce statistically significant results with narrow confidence intervals. The other explanation 

is that it is a true causal relationship which is biologically plausible but needs to be confirmed 

in the analysis of the whole data set.

When looking at fluoride in water, different stages of life were investigated as it was 

postulated that fluoride might exert more influence at certain times, such as when the bones 

were actively growing in youth, but no evidence was found to support this theory.

The residential histories were surprisingly complete and very few people were excluded from 

the analysis. Even with a high cut-off of 90% of the residential history to be complete and 

coded, only 30 people were excluded Gom analysis of first 20 years (4.4%), 34 from last 20 

years (5.1%) and 63 from analysis for whole life (9.8%)
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Two problems were experienced when coding the data Firstly addresses in the county of 

Durham could not be coded as the area has a very complicated history with respect to 

duonde. There are localised areas which have natural duonde inwater at concentrations 

above O Jppm and certain areas have received artificially duoridated water. However, these 

areas have changed over time and on some occasions water has been mixed from different 

sources. As there are no reliable records available, these addresses were coded as missing. 

Secondly, if the address was outside the United Kingdom this was also coded as missing 

because insufficient information was available to make an accurate classification However it is 

unlikely to have affected the validity given that so few people were excluded as a result.

The study population proved to be relatively stable. In essence, the time that people were 

away from the study area was during the second world war. In fact, when women moved into 

their marital home it was often in the same street as their parents. This meant that recall of 

residential histories and coding was easier than if the population had been highly mobile. In 

addition, the participants would not have expected that were they had lived might have 

influenced their risk of hip fracture and therefore their responses should not have been biased.

Another potential source of bias was the participation rate of cases and controls. If, for 

example, Hartlepool cases had a much higher inclusion rate than those in Middlesbrough and 

Stockton, then this would lead to misrepresentation of the effect of fluoride exposure and vice 

versa for controls. Table C.1.3. in the method section (p.64) confirmed that this was not an 

issue.

Table D.4.3 is reassuring with respect to non-response bias influencing the results. This 

analysis used current residence in Hartlepool as a proxy of high fluoride exposure and it was 

therefore possible to include all of the eligible cases including those who were unable to 

complete the interview. The results were in agreement with those which only included cases 

who completed the interview, in that current residence in Hartlepool did not increase the risk 

of hip fracture.

When the analyses of fluoride exposure were adjusted for the possible confounding eSects of 

age, sex, BMI, current activity, age at menarche and rheumatoid arthritis, no increase in the 
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risk of hip fracture was observed. In fact, there was a tendency towards a protective effect of 

fluoride in water.

It was decided to ac^ust for BMI, current inactivity, age at menarche and diagnosis of 

rheumatoid arthritis, as well as for age and sex, since all of these variables had been identihed 

as risk factors in the earlier analysis and it was possible that they might confound any effect of 

water fluoridation. Although earlier fracture of the wrist was also identified as a risk factor, it 

was not added to the list of possible cofbunders as, if fluoridation were associated with 

osteoporotic fracture in general, adjustment might obscure a real effect of fluoridation.

When other indices of fluoride intake were investigated, in keeping with above, no association 

of hip fracture was observed. There are inherent problems with recalled dietary information 

and this study was no exception. When information was sought on dietary habits such as 

consumption of tap water, tea and fsh, only recent habits were assessed. This did not 

necessarily reflect the person's intake in the past and therefore only provided a snapshot of 

the person's fluoride exposure.

In addition, subjects may distort their reported diet for several reasons. Firstly, they may not 

want to confess to the consumption of certain types of food; they may more generally wish to 

report a diet that they believe will be acceptable in the eyes of the interviewer; or they may 

idealise their consumption by reporting a diet that they believe refects what they usually do, 

or would like to achieve, but which in fact only represents their activity for a small proportion 

of the time. However, the food groups that we asked about in this section would not have 

been perceived as being good or bad foods and would not be subject to these potential biases.

Another problem was the variable concentration of fluoride in tea The amount of fluoride in 

tea depends on where the tea was grown, the type of tea, and how it was prepared. Therefore 

at best the data on frequency of tea consumption provided a very crude estimate of fluoride 

intake. The potential misclassiGcation would bias the results towards the null.

There was a 70% lower risk of hip fracture if the participant used fluoridated toothpaste, 

although this association was not significant when the odds ratio was adjusted for possible 
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confbunders. This was in the same direction as the fluoridated drinking water, in that 

fluoridation tended towards being protective of hip &acture

As discussed in the introduction (p.52) the ecological studies that have investigated the 

relationship between fluoride in drinking water and osteoporotic hip fracture have produced 

discordant results. In the only UK study, Cooper e/ a/. (1991), obtained hip fracture rates in 39 

county districts of England and Wales and found a significantly positive correlation between 

fluoride levels and discharge rates for hip fracture (rO.41, p=0 009) However each of the 

ecological studies has basic flaws that make the interpretation of the results difficult In 

particular, they may not have controlled adequately for confounding variables.

Better information is available from the few studies that have been based on individuals. 

Sowers cf a/. (1991) studied cohorts of women in three communities in Iowa which had different 

water sources, with different levels of calcium and fluoride The study demonstrated a mean 

relative risk of 2.1 (95% confidence interval, 1.2-4.4) for any fracture in postmenopausal women 

residing in the high fluoride community. However, the high fluoride group had approximately 4ppm 

of fluoride in the water and thus much higher exposure than in our population.

Cauley cf a/. (1995), studied a cohort of women and estimated individual person-years of fluoride 

exposure. Bone mineral density was measured at three sites and a history of fracture was obtained. 

No relation was found between years of fluoride exposure and bone mineral density and there was 

no relation with history of fracture.

Most recently, Phipps ef a/. (1997a) investigated the issue in a population of women enrolled 

in a cohort study of osteoporotic fractures Bone mineral density was measured and incident 

hip fractures were ascertained every four months and confirmed by radiographic report. 

Variables known to influence bone mineral density were measured using an interviewer 

administered questionnaire and exposure to fluoridated water was determined using a 

residential history questionnaire. After adjustment for potential confbunders, women with 

continuous exposure fbr the last 20 years had bone mineral density values which were 3% 

higher at the femoral neck (p<0.001) and a 28% reduction in hip fracture risk (RR=0.72, 

95%CI=0.53-0.99).
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In another study (Phipps et al, 1997b) the authors; compared the bone mineral density 

between long-term residents (^ 20years) of three rural communities in the USA The authors 

recorded other variables known to influence bone mineral density. They found no relationship 

between the ingestion of high levels of fluoride and femoral bone mineral density.

Conclusion:
Water fluoride was not associated with an increase in risk of hip fracture in this study. Rather, 

if anything there was a trend towards a protective effect of fluoride in water. After adjustment 

for potential confbunders, this reduction in risk was statistically signihcant when water 

fluoride exposures were averaged over a lifetime and over last 20 years.

As explained in the discussion, it is difficult to assess the results of this study in relation to 

previous ecological studies as their results were discordant and confbunders could not be 

accounted fbr. All of the studies of individuals to date have been carried out in the US. 

Sowers et al. (1991) compared a community which had 4ppm of fluoride in the water and 

found a deleterious effect. However, it is difficult to compare this study with ours as at most 

there was only 2ppm of fluoride in the water in Hartlepool. In three other studies (Cauley ef 

/// (1995), Phipps ef a/. (1997a) Phipps et al., 1997b) fluoride was not identified as a risk 

factor fbr hip fracture.

In conclusion, water fluoride did not increase the risk of hip fracture in this study. It is unlikely 

that this finding can be explained by bias and the result is consistent with other studies that 

have looked at the effect of similar levels of fluoride exposure in individuals.
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Section D.5: Fluoride measurements in bone

Introduction
Using theresidential histones ofparticipantsto estimate theirBuoride exposure, although 

executed as precisely and comprehensively as possible, could be subject to inaccuracies. 

Similarly, the assessment of current fluoride intake from dietary and non-dietary sources failed 

to take quantity and concentration of fluoride into account.

The pharmacokinetics of fluoride are well described in the literature (refer p. 43) and it is 

known that approximately 50% of fluoride absorbed from the alimentary canal is taken up and 

retained in bone Thus, analysis of the fluoride concentration in bone should provide an 

estimate of long-term total fluoride uptake.

It was possible to collect the excised femoral heads of some of the hip fracture cases. This 

meant that an estimate of the body burden of fluoride could be made for these participants and 

related to their estimated fluoride exposure. This would help interpretation of the findings in 

relation to water fluoride When the study was being planned several possible outcomes were 

identified

Firstly, exposure to duoride in water might be associated with Ifacture risk and with higher fluoride 

in femoral heads. This would support the hypothesis that duoride in drinking water induences the 

level of duoride in the proximal femur, making a causal relation to fracture more plausible. 

Secondly, water duoride might be associated with fracture risk but not with higher duoride in 

femoral heads. The absence of a relation between water duoride and level of duoride in the 

proximal femur, would cast doubt on the causal nature of the association between water duoride 

and fracture Thirdly, water duoride might be associated with higher duoride in femoral heads but 

not with fracture risk. The positive relation between water duoride and duoride in the proximal 

femur would encourage conddence in the validity of the water duoride estimates, and in the 

conclusion that water duoride does not have a m^or edect on dacture risk. Finally, water duoride 

might not be associated either with duoride in femoral heads or with fracture risk. This would 

suggest that the lack of association between water duoride and dacture might be explained by the 
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fact that exposure to huoride in water, as measured, does not have an important impact on duoride 

in the proximal femur.

Method

Excised femoral heads were collected when possible from hip fracture cases at Hartlepool 

General, North Tees and Middlesbrough General hospitals. They were stored, unfixed, in 

clean plastic pots and hozen within 24 hours. The bone samples were then transported, on dry 

ice, to Dr H Hughes, (Human Metabolism/Clinical Biochemistry, Royal Hallamshire Hospital, 

Sheffield) for analysis.

The analysis was undertaken blind to fluoride exposure status. To prepare a trabecular bone 

sample, a slice of bone was sawn from the femoral head approximately 1cm in width. The 

cortical bone sample was obtained from the femoral neck and hence if there was no femoral 

neck on the bone sample, no cortical bone sample was available. The femoral neck was sawn 

off and all the trabecular bone removed, leaving the cortical bone.

The bone samples were then freeze dried, then put into solution with defatted ether. Next, 

slivers of approximately 50mcg were dissolved in 1 molar perchloric acid. The fluoride was 

measured using the fluoride electrode for which the pH had to be between 4-8. The fluoride 

was expressed as nmol/dry weight. (Dr H Hughes, personal communication using the method 

described in Ishiguro et al., 1993).

The associations of fluoride concentration in the bone samples and the indicators of fluoride 

exposure used in Section D.4. were investigated. For variables with two categories the 

average bone fluoride in each category was compared, the 95% CI found and a t-test was 

undertaken. For variables with three categories a test for trend was applied.
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Results

Table D.5,1. shows the number and percentage of trabecular and cortical bone samples that 

were available for each area of the study. Although there were little differences in the 

percentage between the two areas overall they were low.

Table D.5.1 Number and percentage of trabecular and cortical bone samples according to 

current address.

Current 

address

Total no. of

cases

No . of 

trabecular 

samples

% No. of 

cortical 

samples

%

Middlesbrough 

or Stockton

343 61 17.8 27 7.9

Hartlepool 81 20 24.7 3 3.7

No strong relationship between fluoride concentration in trabecular bone and estimated 

fluoride exposure can be observed from figure D.5.1.

Table D.5.2. shows that although not statistically significant, a higher mean fluoride 

concentration was found in trabecular bone in all of the higher categories of water fluoride 

exposure as compared to the low categories.

Table D.5.3. shows that there was a statistically significant increase in the fluoride 

concentration of cortical bone for the higher fluoride exposure categories. This was true for all 

four measures of fluoride exposure
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Figure D.5.1. Graphical display of fluoride concentration in trabecular bone and fluoride 

residence

Comparison of fluoride concentration in trabecular bone with fluoride 
exposure estimated from residential history
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Table D.5.2. Lifetime water fluoride and fluoride concentration (nmol/mg) in trabecular bone

Time Period Fluoride 

concentration in 

water

No. of

Samples

Bone

fluoride

Difference

(95% CI)

Signiflcance

Average over 

first 20 years

< 0.9 ppm 61 46.5

2.9 (-11.1,16.9) p=0.7*>0.9 ppm 17 49.4

Average over 

last 20 years

< 0.9ppm 63 45.7

4.9 (-9.0,18.8) p=0.5*> 0.9 ppm 17 50.5 1

Average over 

life

< 0.9 ppm 62 45.7

3.9 (-10.5,18.3) p=0.6*>0.9 ppm 16 49.6

Current

address

Not Hartlepool 61 45.4

4.8 (-17.9,8.2) p=0.5*Hartlepool 20 50.2

*t test
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*t test

Table D 5 3 Lifetime water fluoride and fluoride concentration (nmol/mg) in cortical bone

Time Period Fluoride

concentration 

in water

No. of

Samples

Mean

Bone 

fluoride

Difference in 

means (95% CI)^

Significance 

^

Average over 

first 20 years

< 0.9 ppm 24 25.3

38.9(21.2,56.5) p=0.0001*>0.9 ppm 5 64.2

Average over 

last 20 years

< 0.9ppm 27 27.9

45.1 (22.5,67.6) p=0.0003*> 0.9 ppm 3 73.0

Average over 

life

< 0.9 ppm 26 27.3

45.7 (23.0,68.4) p=0.0003*>0.9 ppm 3 73.0

Current

address

Not Hartlepool 27 27.9

45.1 (22.5,67.6) p=0.0003*Hartlepool 3 73.0

All of the cases who were assigned to the >0.9ppm fluoride category had a higher fluoride

concentration in the cortical bone than any of the cases categorised as <0.9ppm (figure

D.5.2).

Table D.5.4. summarises the relationship between residential water fluoride and fluoride 

concentrations in trabecular bone for the sub group of participants who also had cortical bone 

samples. Although not statistically significant, a higher mean fluoride concentration was found 

in trabecular bone in all of the high fluoride exposure categories compared to the low fluoride

categories.
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Figure D.5.2.: Graphical display of fluoride concentration in cortical bone and fluoride 
residence

Comparision of fluoride concentration in cortical bone with fluoride 
exposure estimated from residential history
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Table D.5.4. Lifetime water fluoride and fluoride concentration (nmol/mg) in trabecular bone 

for those people who had cortical bone concentrations.

J Variables m Category No. of

Samples

Mean

Bone 

fluoride

Difkrence in means

(95% CI)

Signiflcance

Average over 

first 20 years

< 0.9 ppm 23 45.2

6.3 (-23.7,36.3) p=0.7>0,9 ppm 4 51.5

Average over 

last 20 years

< 0.9ppm 26 44.6

18.9 (-20.3,58.1) p^.3> 0.9 ppm 2 63.5

Average over 

life

< 0.9 ppm 25 44.7

18.76 (-21.3,58.9) p=0.3> 0.9 ppm 2 63.5

Current address Not Hartlepool 26 44.6

18.9 (-20.3,58.1) p=0.3Hartlepool 2 63.5
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Table D.5.5. shows that although none of the current fluoride indices reached statistical 

significance, both fish and tap water consumption were in the direction expected. In addition 

both medium and high categories of tea consumption were higher than low tea consumption. 

No association between bone fluoride concentration and toothpaste use was observed.

Table D.5.5. Current fluoride exposure and fluoride concentration (nmol/mg) in trabecular 
bone

Variables Category No. of

Samples

Mean 

Bone 

fluoride

Difference in 

means (95% CI)

Sig^cance

Fish 

consumption

< Once a week 65 44.3

11.9 (-2.1,25.8) p=0.09*> Once a week 16 56.1

Tea 

consumption

Low 29 39.7

N/A p=0.2 **Medium 28 52.3

High 24 48.3

Tap water 

consumption

water with

<0.9ppm fluoride

61 45.4

N/A p=0.5 **Low intake with

>0.9ppm fluoride

11 49.9

High intake with 

>0.9ppm fluoride

9 50.7

Toothpaste Do not use 61 47.1

2.0 (-11.1, 15.1) p=0.8*Use 20 45.1

* t test ** test for trend
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Table D,5.6. shows there was a statistically significant increase in cortical bone fluoride 

content and intake of fluoride in drinking water. Although not reaching statistical significance 

there was a tendency for a increase in bone fluoride for high fish consumption compared to 

low consumption. No relationship was observed with tea consumption or toothpaste use.

Table D.5.6. Current fluoride exposure and fluoride concentration (nmol/mg) in cortical bone
Vmables Category No. of

Samples

Mean 

Bone 

fluoride

Difference =“=

(95%CI>

2 Significance

Fish 

consumption

< Once a week 25 31.4

6.0 (-16.9,28.8) p=0.6*> Once a week 5 37.4

Tea 

consumption

Low 11 33.1

N/A p=0.7 **Medium 10 26.8

High 9 37.9

Tap water 

consumption

water with 

<0.9ppm fluoride

27 27 9

N/A p=0.0003**Low intake with

>0.9ppm fluoride

2 67.0

High intake with 

>0.9ppm fluoride

I 85.0

Toothpaste Do not use 20 34.0

4.8 (-13.2, 22.9) p=0.6*Use 10 29.2

* t test **test for trend
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Discussion
Overall there was a trend for the cases who were categorised in the group that were exposed 

to at least 0.9ppm, to have higher fluoride concentrations in their bone samples than those in 

the <0 9ppm group. This was in the direction expected and was statistically significant for the 

cortical bone but not for the trabecular bone. The main limitation of this analysis was the small 

number of samples of cortical bone. Only three samples came from people in the >0.9ppm 

exposure category. However, from figure D52it can be observed that all three samples were 

above the baseline spread of the low fluoride category.

Except for a statistically significant relationship between high current consumption of 

fluoridated water and fluoride concentration in cortical bone, no other factor of current 

fluoride consumption reached statistical significance. However, there was a tendency for a 

increase in bone fluoride for high Ash consumption compared to low consumption in both 

trabecular and cortical bone. Although there was no relationship observed with tea 

consumption in cortical bone, both medium and high categories of tea consumption were 

associated with a higher trabecular bone fluoride. TSfo association was found between bone 

fluoride and toothpaste use.

It was not surprising that strong relationships were not observed as only recent exposure was 

investigated. As this was just a snapshot of fluoride exposure it would be highly unlikely to be 

reflected in the fluoride concentration of the bone. However, the relationship between high 

intake of fluoridated water agreed with that of the residential histories.

As mentioned above, bone samples were collected only if the femoral head was excised during 

surgery and was not required for grafting. Thus bone samples were only available for a 

proportion of the cases. This could have introduced a bias if the concentration of fluoride in 

the bone alSected the type of fracture and subsequent treatment. Whether this was the case is 

unknown.

The order in which the bone samples were analysed was haphazard, as the bones were stored 

in a shared freezer and mixed up several times. Although this was not ideal, random ordering 

proved impractical to implement because of the way the samples were organised.
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Another problem was the fact that there were so few cortical bone samples. A sample of 

cortical bone was identified by eye, which was not ideal. However, the person undertaking the 

task was experienced in the field.

The main weakness of the analysis was that the Auonde concentration was expressed as 

nmol/mg of sample weight. There was a lot ofblood in some ofthe samples which suggests 

that some of the fluoride measured could have been from the blood and not bone. It would 

have been preferable to have expressed fluoride against calcium or phosphate concentration 

which would have provided an estimate of the amount of bone present. However the 

equipment required for this was unavailable.

It was surprising that we had a significant result from the cortical bone and not the trabecular 

bone. The literature on the subject suggests that the opposite would be more likely as 

trabecular bone is more metabolically active and its uptake of fluoride higher.

Alhava ef a/. (1980) measured the fluoride content of iliac bone in post-mortem cases (age 

range 24 to 86 years) from Kuopio and the surrounding area. Kuopio received water 

fluoridated to 1 ppm and the area outside Kuopio had a fluoride level of 0.1 ppm. They found 

that the fluoride content of bone differed significantly in fluoridated and low fluoride areas 

(p<0.001). To illustrate, the average fluoride concentrations found in trabecular bone (Kuopio 

V. outside Kuopio) were 2070 v. 622ppm in women and 1360 v. 447ppm in men. The result 

were similar for cortical bone; 1720 v.443ppm in women and 1290 v. 462ppm in men This 

agrees with the trend that was observed in our study, where the fluoride exposure was similar.

Zipkin gf a/. (1960) also found an increase in the fluoride content of bone in populations with 

higher fluoride in the water. However no attempt was made to distinguish between trabecular 

and cortical bone and thus it is difficult to compare the results to this study.

There is a dearth of published literature on the relationship between bone fluoride and 

measures of current fluoride exposure.
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Conclusion
There was a trend for an increase in fluoride concentration in the bone for the >0 9ppm 

fluoride group compared to the <0 9ppm group. This was statistically significant for the 

cortical bone, although based on a small sample size

In conclusion, water duoride was associated with higher fluoride in femoral heads but not with 

fracture risk. This encourages confidence in the validity of the water duoride estimates, and in the 

conclusion that water duoride does not have a mtgor effect on dacture^ risk
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Section D.6: Dental health and exposure to fluoride in water

Introduction
There is little debate as to the egectiveness of fluoridated water to protect against tooth 

decay. Therefore, it was postulated that more participants who were categorised in the high 

fluoride exposure group would still have their own teeth than those who had not received 

fluoridated water. This was investigated, since if it were true it would further support the 

validity of fluoride exposure estimates.

Method
As part of structured, nurse administered questionnaire the participants were asked if they had 

any of their own teeth. The group of people who did not have any teeth were compared with 

those with teeth, with respect to residential history.

Results

Table D.6 1. shows that although the results were not statistically significant, there was a 

trend for exposure to fluoride in water to be associated with less tooth loss.
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Table D.6.1. Lifetime water fluoride and odd ratios of still having one’s own teeth

Time period Fluoride 
concentration 

in water

No. without 
teeth

No. with 
teeth

*OR(95%GI)

Average over first 
20 years

<0.9ppm 396 173 lO(-)

>0.9ppm 67"" 38 0.7(04-1.1)

Average over last 
20 years

<0.9ppm 379 172 l.O(-)

>0.9ppm 81 38 0.9 (0.6-1.4)

Average over life <0.9ppm 370 160 lO(-)

>0.9ppm 71 40 "0 (0.5 -T 2)

Current address Non Hartlepool 392 180 l.O(-)

Hartlepool 87 45 7^:8 (0.6-1.3)

*adjusted for age and sex

Discussion

The results show that there was a non-significant trend for fluoride exposure to be associated 

with less tooth loss.

The participants were asked if they had any of their own teeth remaining and there was 

confidence that the data were accurate. However, various potential confounders could not be 

taken into account. There are other causes of tooth decay including poor dental hygiene and a 

high sugar diet. Also, loss of teeth may not be solely due to tooth decay. Gum disease and 

preference for dentures both by the person and also the dentist are important and these 

factors were not taken into account. If, for example, there was a vogue for dentist to give a 

full set of dentures, even if not all of the teeth needed to be removed, then this could bias the 

relationship between fluoride and tooth retention.
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Nevertheless, the indication of a protective effect of fluoroide exposure against tooth loss 

gave further confidence that the fluoride exposure estimates from the residential histories were 

meaningful.

Conclusion

There was a non-signif  cant trend for fluoride exposure to be associated with a reduced risk of 

becoming edentulous. This was in the direction expected and was another indicator that the 

fluoride exposure estimates from the residential histories were meaningful.
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Section E: Conclusion and Further Recommendations

High water fluoride was associated with higher fluoride in femoral head bone and this suggests 

that fluoride in water does have an important influence on bone biochemistry. After 

adjustment for potential confbunders, high fluoride in water was not associated with any 

increase in the risk of hip fracture. If anything the risk of hip fracture was reduced in subjects 

with high fluoride exposure. This negative relationship between fluoride exposure and risk of 

hip fracture is unlikely to be explained by bias and is consistent with contemporary studies that 

have looked at the effect of similar levels of fluoride exposure in individuals.

This analysis was based on part of the data that have now been collected for the 'MRC 

osteoporotic hip fracture and water fluoridation projecf and it is intended that extended 

analysis will be performed on 500 cases and 500 controls. If the analysis of the full data set 

conhrms the findings of the preliminary results then there can be confidence that adding 

fluoride to water at a concentration of Ippm does not increase the risk of hip fracture and 

therefore does not need to be a m^or consideration when deciding on the fluoridation policy.

It would of course be possible to carry out further studies. One suggestion would be to 

measure the bone mineral density as an endpoint. Fluoride is proposed to alter the risk of 

fracture by affecting the bone mineral density and hence bone mineral density measurements 

would illuminate the proposed mechanism of action. In addition, the study could be repeated 

in a different population but this would only be worthwhile if it was felt that the results from 

studying Cleveland could not be extrapolated to the population of the UK in general, which 

was not felt to be the case. In fact it would be diffcult to identify a well deGned population 

who were exposed to varying concentrations of Guoride in the water in the UK

Of the other fndings of the study, the most important are physical activity, nutrition and 

medication.

Physically active participants were found to be at a reduced risk of hip fracture which was 

consistent with other studies. It is unclear from the study whether actually undertaking 

physical activity is protective or whether it is ability to undertake exercise per se which is 
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associated with the reduction in risk. It would be helpful tor a longitudinal study of physical 

activity and the risk of hip fracture to be conducted.

There were two aspects of nutrition which were of interest. Firstly, the well established 

relationship of increase in the risk of hip fracture with low BMI was confirmed This has 

connotations for recommendations of preventing under nutrition and also as part of a selection 

criteria for hip fracture prevention.

There was a small protective effect of hip fracture with increase in calcium intake. The 

association of hip fracture and calcium remains controversial and the question needs further 

research. A longitudinal study which although would be more expensive would provide better 

information.

There were some interesting fndings with risk of hip fraction and current medication, an area 

which has little published research. The reduced risk of hip fracture associated with vitamin D 

makes sense biologically and trials are now in progress to further investigate the association. 

The reduction in risk found both with analgesia and non-steroidal anti-inflammatory drugs has 

not been investigated in depth and the mechanism is uncertain. A further study should be 

undertaken to firstly confirm the relationship and if confirmed the mechanism should then be 

explored.
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Appendix F.l. Questionnaire
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STRICTLY PRIVATE AND CONFIDENTIAL

A.1.Serial Nxmber __ ___________________ —

A.2.Date of Interview: //------

A.3.Name: (surname)

(first name)

________  (title)

A. 4 . Address ;____ _______—--------------------- ------------

P o s t Co de__________________

A.5.Type of residence:- 1. Own home
2. Warden controlled flat
3. Rest home
4. Nursing home
5. Hospital ---

A.6.Sex: M / F

A.7.Date of Birth /---- /-----

A. 8. Consultant : ...... .......... ... .................

A. 9.Hospital Number : ----------- ---------------- ------

A.10.Included in the study ? Yes / No 
If No, reason:

1



B.l. Which medicines and tablets do you currently take ?

PLEASE USE BLOCK CAPITALS . COPY NAMES DIRECTLY FROM BOTTLES 
IF POSSIBLE?. WRITE DOS^E, FP^OUENCY AND REASON FOR TAKING.

C:ii,iH Height:  cN* (frbin patient)

t ft_______ iachesl

cms (actual laeasurement

C.2. Weight ___________________ kgs (from patient)

[________  st lbs ]

kgs (actual, measurement

2



Some of these questions may sound unusual but they are in fact 

very important.

Mentad^^Abili^

D.l. Can you tell me how old you are ? ------

D.2. Can you tell me what the time is ?

D.3. I am going to give you an address to remember and will ask 
you to repeat it back to me in a few minutes time, the 

address is - 42 West street.

D.4. Can you tell me which year it is ?

D.5. Can you tell me where we are now ?

D.6. Can you tell me what jobs these two people do ?
(show photograph of nurse and policeman)

D.7. Can you tell me what your date of birth is ?

D.8. Can you tell me which year the second world war started?

D.9. Can you tell me the name of the present queen ?

D.IO. Can you please count backwards from 20 to 1 ?

REMEMBER TO ASK FOR ADDRESS

Score!__________

Note: If score over 6 - proceed.
If score is less than 6 - terminate the interview.
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Activity-;afc

G.1. Establish^-^ respondent has any mechanical walking
problemsl dr - gai t ; abnohm

a) V^alkswOtto
b) Walksi^^w without help from another person
cy l^ex^lhd another person or cannot walk at all

G.2. Walking out of doors: choose a typical day within the last 
weeJt; redbrd- all walking lasting more than three- mlniitd

a) ;6id:;:;ybiu::;.^i:;:puh 'b6ki)fean\;.?.i.^:;jand..^:;;^mins

b) Lid you go out between 9 am and 12 noon? __ _____ mins

c) Between ■ 12 noon and 2 pm? ______ mins

d) Between 2 ipm and 6 ipm? __ mihs

e) Between- :;G;ipm\:ahd 7.:iam? i __ ______ mins

G.3. Which>;d.fi:the:Woii^W'iii^:?best .hdescr.ibes; your walking speed?

a) ^arynksldw
b) stroll at an easy pace
c) nGfT£tal^<-yspeed ■
d) ;faifiy ybrisk
e) ifast:

G.4. Gardening: How much time do you spend gardening in a typical 
week?

aj Less than one hour
b) 1-4 hours
G) 5-8 hours
d) More than 8 hours

G.5. Housework: How much time do you spend doing housework in a 
typical week?

a) Less than one hour
b) 1-4 hours
c) 5-8 hours
d) More than 8 hours 
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G.6. Muscle Loading Activities

i) How often do you climb stairs?
a) Never
b) Less than once a week
c) At least once a week but not every day
d) Once a day
e) Several times a day

ii) How often do you carry loads?
(equivalent to a shopping bag or lOlbs)
a) Never
b) Less than once a week
c) At least once a week but not every day
d) Once a day
e) Several times a day

H. Fracture History

H.l. Have you ever broken your hip ? Yes / No
(For cases ask if broken other hip)

If YES: i) Which side ? a) Right b) Left c) Both 

ii) How old were you when it happened? years

(if both) years

H.2. Have you ever broken your wrist ? Yes / No

If YES: i) How old were you

I - Clinical History

I.l. Have you ever been 
told by a doctor 
that you suffer from a)

b)

Have you ever suffered 
from :- c)

d)

when it happened ? years

(if both) _ ______ years

diabetes ? Yes / No

rheumatoid arthritis Yes / No

a stroke Yes / No

Any other major illnesses ?

7



J. Reproductive Variables (Women only)

J.1. How many chiIdren have you had ?

Live 1 • ■ ■( • (
(births (

(Br eastded;;--(?l>  ̂(<■■(( 
(Yes/Isio)

(ROWNionffv (( ■(S<V; (( 
breastfed 
(months)

■((2((( ( •

((d;l ■ ( 1 ■?((

(^(5-i'-'('(-^

J . 2. i) How old were you when your (p^^^

years

ill How old were you when you had your last period?

years

J.3. i) During the time when you were used to having 
periods, did they ever stop for longer than 6 weeks, 
apart ( f rom iduringip

Yes / No I Donlt know

ii) -If-(YESv (i) for how long ? months

(ii) how old were you ? years

J. 4. i) Have you had a hysterectomy ? Yes' / No

ii) if YES, how old were you at the time ? years

8



i)J. 5 . Have you ever had an ovary removed ?
a) No b) One c) Both d) Do not know --------

ii) How old were you at the time ? _____ years

J.6. i) Have you ever taken hormone replacement therapy ?

Yes / No

ii) If YES, how old were you when you started -------- years

iii) For how long did you take it altogether ?

yrs  mnth

J.7. Have you ever taken oral contraceptives ? Yes / No

K. Smoking and Alcohol

K.l. Have you ever smoked regularly (ie at least once a day for 

a year or longer)
Yes / No

If NO go to K.5.
If YES go to K.2.

H.2. How old were you when you first smoked regularly ?

________  years

K.3. What is the most that you have ever smoked regularly ?

a) Cigarettes per day

b) Roll-ups per day

c) Tobacco (oz) ----------------- per day

d) Cigars -----------------  per day

K.4. Do you still smoke regularly ? Yes / No

If NO, how old were you when you last smoked regularly ? 

________  years

9



K . 5 . I would now like; tov ask;^ y^ 
• constiiti^B-idn;;;;?

K . 5 . a> JDoyyou ever^^ d Y^s / No

If Yes:

1
iijess^>;';"'Sv-^7'; 
^;'ttia.h;-i 
;;GnGe;;'';^;

month ;■

2
Once 
;-;every;'<- 
;-;5'-4;;;;';
;; weeks ; :

Once 
every:;!:

weeks

4^;;: . . .
■1-^2-;
days 
P^h L 
week

V5 
v3-5 
days 
per 

: week

.days;; 
.;p^^.:.
week

K/6 va .;H0W; ;o£fc GUicrenf lY drink
Shandy ?

b . When;;you d3^ink this ; how ; m 
pihts;;;w

K17 . a;. How;;;;o^£teh; ;dd;;;yGu;;;curreh 
Beer/Stout/Lager/Cider

bWhen you dr ink the se how many 
pihts;; 'wbuld you ■ nor-mally have?

K . 8;. a .How of tefc do; you-; G 
Wine/Sherry/Martini/Cinzano ?

b. When you drink these how many 
glasses would you normally have?

K.9.a.How often do you drink
Spirits/Liqueurs ?

b.When you drink these how many 
measures would you normally have?

. ........ .... .. (FC)

(FC)

____________ (FG)

L. Sunlioht

L.l. In the slimmer on a typical day, how many hours do you spend 
out-of-doors?

__________ hours

10



M. Fluoride

M.l.i) Do you have any of your own teeth ? Yes / No

If Yes :-

ii) How many do/you have ? ---------------

ill) Do you use toothpaste ? Yes / No

If Yes :-

iv) which brand do you use ?

v) How often do you brush your teeth ?

vi) Do you rinse your mouth after brushing ? Yes / No

vii) Do you use any other products with fluoride in 
e.g. mouthrinses, gels, tablets etc.

Yes / No

If Yes :-

viii) please list products used:-

M.2.i) How often do you eat fish such as sardines or
pilchards ?

a) Never
b) Less than once a month 
c) At least once a month, 
d) At least once a week

less than once a week

ii) How often do you eat battered fish? eg. chip shop fish)

a) Never
b) Less than once a month
c) At least once a month, less than once a week
d) At least once a week

11
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Appendix F.2. Letter sent to general practitioners
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lor th 
Tees 
'ealth

"^Hr522iz>hy

Hartlepool & 
East Durham
NHS Trust

Lisa Madhok, MRC Research Nurse
Mobile Number: 

or Sharon Hillier  
Dear

The orthopaedic surgeons at the above hospitals are collaborating with the Medical Research 
Council in an epidemiological study to investigate the effect of water fluoridation on 
osteoporotic hip fracture.

Our cases will be hip fracture cases presenting to the above hospitals. Our controls are 
members of the general population who are the same age and sex as the cases. The study has 
been approved by all of the Local Research Ethical Committees in Cleveland and by the 
Local Medical Committee.

The FHSA have given us the names of the possible controls who are your patients, and I am 
writing to ask permission to approach these patients. I enclose a copy of the letter we would 
send.

Could I please ask you to complete the slip overleaf and return it in the prepaid envelope 
provided.

Thank you for your help,

Yours sincerely,

Lisa Madhok
Research Nurse

Dr C Cooper
Epidemiologist Consultant

Orthopaedic Surgeon

Mr I Wallace
Consultant
Orthopaedic Surgeon

Mrs C Lennox
Consultant
Orthopaedic Surgeon



Appendix F.3. Letter sent to controls
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Jorth 
Tees 
'ealth

■r^z/zy

Hartlepool & 
East Durham
NHS Trust

Mobile Number: 
Lisa Madhok, Research Nurse MRC

Dear

Doctors at the above hospitals are working with the Medical Research Council to find out 
more about the causes of osteoporosis ( brittle bones ). Your name has been selected from 
a list of patients registered with GPs in Cleveland, and your doctor, 
has given me permission to write and ask whether you would help us with this work.

If you agree, I would visit you at home to interview you about where you have lived, your 
past activities at work and in the home and your diet. The visit would take about 30 minutes.

I would like to arrange an appointment for at
I would be greatful if you could indicate if this time is convenient, or if you do not wish me 
to visit, on the tear-off slip below and return it in the pre-paid envelope provided as soon as 
possible. If you prefer, you can telephone the above number and leave a message (between 
office hours).

I do hope that you will be able to help. We hope that by learning about the causes of 
osteoporosis, we will be able to prevent it occuring so often. Your name has been chosen to 
be representative of people living in Cleveland and not because we have any reason to 
suspect that you have brittle bones.

Yours sincerely.

Lisa Madhok Dr C Cooper
Research Nurse Epidemiologist

Mr I Wallace
Consultant Orthopaedic Surgeon

Osteoporosis study

Serial Number Date of interview//

I would like to take part in the study 
at the time you suggest.

I would like to take part in the study, 
but am not available at the time you 
suggest. Please make a new appointment,

I do not wish to take part in the study.

Telephone No: Signature



References

Aitken, JM, Hart, D M, Lindsay, R, Anderson, JB, Smith, D.A., and Wilson, G M (1976) 

Prevention of bone loss following oophorectomy in premenopausal women, /r 7. iWkcf Ski. 12, 

607-614.

Aiderman, B.W, Weiss, N.S., and Daling, J R (1986) Reproductive history and postmenopausal 

risk of hip and forearm fracture. /Im. 7 JE^/^kmio/. 124, 262-267.

Aifffam, P -A (1964) An epidemiologic study of cervical and trochanteric fractures of the femur 

in an urban population. /fciaOriAop. Scoml (Sw^/.) 65, 9-109.

Alf&am, P.A., Herborg, J., and Nilsson, E R (1969) The influence of a high fluoride content in 

the drinking water on the bone mineral mass in man /fcia Or/Aop. Skarn. 40, 137-142

Alhava, E M, Olkkonen, H., Kauranen, P, and Tatja Kari (1980) The effect of drinking water 

fluoridation on the fluoride content, strength and mineral density of human bone. /Icia OrtAty. 

Ska». 51,413-420.

Amala, I., Alhava, E M, Kivivuori, R, and Kauranen, P (1986) Hip fracture incidence not 

affected by fluoridation, /fc/a O^kwia/. ScaM(/ 57, 344-348.

Arnold, F.A., Dean, H.T., and Knutson, J.W (1953) Effect of fluoridated public water supplies 

on dental caries prevalence. Results of the seventh year of study at Grand Rapids and Muskegon, 

Mich. faMcJYcaAAT?^. 68, 141-148.

Arnold, J.S., Bartley, MH, Tont, S.A., and Jenkins, D P (1966) Skeletal changes in aging and 

disease. C//a. Or/Aa/?. J?e/ai. Rg& 49, 17-38.

137



Astrom, J, Backstrom, C , and Thidevall, G (1990) Tooth loss and hip fractures in the elderly. 7. 

gowJbm/SM/%^^ /Br/72, 324-325.

Atkinson, P.J. (1997) Variation in trabecular structure of vertebrae with age. Cfz/ci^ T/s^sne JRgf. 

1, 24-32.

Bachmann, G A and Kemmann, E. (1982) Prevalence of oligomenorrhea and amenorrhea in a 

college population. ,4/». / OAs^/e/. C^ngco/. 144, 98-102

Baker, H.W.G, Burger, H G, and De Kretser, D M (1997) Changes in the pituitary-testicular 

system with age. C/mica/ E^Mf/ocnno/ogy 5, 349-372.

Bang, S. (1978) Effects of fluoride on the chemical composition of inorganic bone substance. In: 

56-61. Edited by Courvoisier, B , Donath, A., and Baud, C A. hands Huber Bem.

Bauer, DC, OrwoU, E.S., Fox, K.M., Vogt, T M., Lane, N.E., Hochberg, M C , Stone, K., and 

Nevitt, M.C (1996) Aspirin and NSAID use in older women: effect on bone mineral density and 

fracture risk. / ^one AAn. 7(gs^. 11, 29-35.

Baylink, D J, Duane, P.B., Farley, SM, and Farley, JR (1983) Monofluorophosphate 

physiology: The effects of fluoride on bone. Canes 7(es. 17, 56-76.

Bell, N.H., Shary, J., Stevens, J., Garza, M., Gordon, L, and Edwards, J. (1991) Demonstration 

that bone mass is greater in black than in white children. uA j^one AAw. 7(es. 719-723.

Bernstein, D S , Sadowsky, H., Hegsted, DM, Guri, C D., and Stare, F J (1966) Prevalence of 

Osteoporosis in High-and Low-Fluoride Areas in North Dakota. / /f . M /4. 198, 85-90.

138



Black, DM, Cummings, SR, Genant, H K, Nevitt, M C , Palermo, L, and Browner, W (1992) 

Axial and appendicular bone density predict fractures in older women. J J)oMe A/m- /(e& 7, 633- 

638

Bonjour, J.P., Thientz, G, Buchs, B, Slosman, D, and Rizzoli, R (1991) Critical years and 

stages of puberty for spinal and femoral bone mass accumulation during adolescence. / C/m. 

^w&xr/Mo/. A<feiaA 73, 555-563.

Bonucci, E. (1989) The histology, histochemistry, and ultrastructure of bone. In: ^o/K rggn^xTory 

ybc/orf. 15-38. Edited by Pecile, A and de Bernard, B New York and London, Plenum Press.

Bouillon, R. (1991) Diabetic bone disease. Ca/c^ 7h& /nt. 49, 155-160.

Brocklehurst, J C, Exton-Smith, A.N., Lempert Barber, S.M., Hunt, L.P., and Palmer, M.K. 

(1978) Fracture of the femur in old age: A two-centre study of the associated clinical factors and 

the cause of the fall, ^ge /4ggmg 17, 7-15.

Campbell, A.J., Borrie, MJ, and Spears, G F (1989) Risk Actors for falls in a community-based 

prospective study of people 70 years and older. 7. Geron/o/. 44, Ml 12-117.

Carlson, C H , Armstrong, W D, and Singer, L. (1960) Distribution and excretion of radio 

fluoride in the human. Proc. Soc. E\p. jB/o/. A^fZ 104, 23 5-239.

Carlson, J.E. (1993) Alcohol use and falls. J: 24m. Genofr. &)c. 41, 346-347.

Cauley, J.A., Cummings, S.R., Seeley, D G, Black, D , Browner, W., KuUer, L.H, and Nevitt, 

M C (1993) Effects of thiazide diuretic therapy on bone mass, fractures, and falls. 24/m. TmierM. 

AAd[ 118, 666-673.

139



Cauley, J A., Seeley, D G , Ensrud, K., Ettinger, B, Black, D, and Cunnnings, S.R (1994) 

Estrogen replacement therapy and tractures in older women. JMM. /wfem. A^ 122, 9-16.

Cauley, J.A., Murphy, P.A., Riley, T.J., and Buhari, A.M. (1995) Effects of duoridated drinking 

water on bone mass and fractures: The study of osteoporotic fractures. ./ ^o»c AAw. /(es. 10, 

1076-1086.

Charkes, ND, Brookes, M., and Makler, P T J. (1980) RadioOuoride kinetics. In: Awc^s of 

/(adfCp/KZTTMOco/ogy. 225-242. Edited by Colombetti, L G CRC Press

Cholak, I. (1959) Fluorides :a critical review, I. The occurrence of fluoride in air, food and water. 

J. Occwp. AYe^/1, 501-511.

Chon, K.S., Satoris, D J , Brown, S.A, and Clopton, P (1992) Alcoholism-associated spinal and 

femoral bone loss in abstinent male alcoholics, as measured by dual x-ray absorptiometry. Ste/ekz/ 

Mof 21,431-436.

Compston, J.E., Cooper, C , and Kanis, J.A (1995) Bone densitometry in clinical practise. B. M 

J310, 1507-1510.

Cooper, C, Barker, D I P , and Wickham, C (1988) Physical activity, muscle strength, and 

calcium intake in fracture of the proximal femur in Britain. B. Af. J 297, 1443-1446.

Cooper, C , Wickham, C , and Coggon, D (1990) Sedentary work in middle life and Aacture of 

the proximal femur. Br/AAA JiwnKi/ of WMStrfo/ Mk<&cfw 47, 69-70.

Cooper, C , Wickham, C A Cand Barker, DIP (1991) Water Auoridation and hip Aacture. 7. 

/4.A^A 266,513-514(letter).

140



Cooper, C, Atkinson, E J., OFallon, W M., and Melton LJ, III (1992a) Incidence of clinically 

diagnosed vertebral fractures^ A population- based study in Rochester, Minnesota, 1985-1989. 7. 

Bo/zeA^An. 7?gs. 7, 221-227.

Cooper, C , Campion, G, and Melton LJ, III (1992b) Hip fractures in the elderly: A world-wide 

projection. Oj^ecpom$M /"/. 2, 285-289.

Cooper, C (1997) Osteoporosis: an epidemiological perspective - a review. V A Soc AW 82, 

753-757.

Copper, C, Hannaford, P., Croft, P , and Kay, C R (1993) Oral contraceptive pill use and 

fractures in women: A prospective study. J^onc 14, 41-45.

Coupland, C, Wood, D , and Cooper, C (1993) Physical inactivity is an independent risk factor 

for hip fracture in the elderly. J. ^zd^mfo/. Co/M/nwMfYy/7ca//A 47,441-443.

Cumming, RG and Klineberg, R J (1993) Breastfeeding and other reproductive factors and the 

risk of hip fractures in elderly women, /n/gma/zozza/ Jiw/Tza/ a/^zAk/n/o/agy 22, 684-691.

Cummings, J.L. (1993) Mini-mental state examination norms, normals and numbers. J: /4. Af A 

2420-2421.

Cummings, S.R., Black, D M, and Nevitt, M C (1989) Appendicular bone density and age 

predict hip fracture in women. / /4. A/^ /f. 262, 665-668.

Cummings, S.R , Black, D M., and Nevitt, M C (1993) Bone density at various sites for the 

prediction of hip fractures. Zazzcer 72-75.

141



Cummings, SR, Nevitt, M C , Browner, W.S., Stone, K., Fox, K.M., Ensrud, K.E , Cauley, J A, 

Black, D, and Vogt, T.M (1995) Risk factors for hip fracture in white women. A. Ehg/. J: 

JWefZ 332, 767-773.

Cummings, S R. and Nevitt, M C (1989) A hypothesis: The cause of hip fractures J Gercwfo/. 

44,M107-lll.

Dalen,N. and Lamke,B (1976) Changes in bone mass with age and alcoholism. 7. ^ow J: ^'urg. 

47, 469-471.

Dambacher, M.A., Ittner, J., and Ruegsegger, P (1986) Long term fluoride therapy of 

postmenopausal osteoporosis. ^OMC 7, 199-205.

Danielson, C , Lyon, J.L , Egger, M., and Goodenough, GK (1992) Hip Fractures and 

Fluoridation in Utah's Elderly Population J: /f. M /f. 268, 746-748.

Dawson-Hughes, B., Dallal, G E, and Krall, G E (1990) A controlled trial of the eSect of 

calcium supplementation on bone density in postmenopausal women. A Ehg/. J: A^fZ 323, 

878-883.

Dean, H T, Arnold, F.A.L, and Elvolve, E. (1942) Domestic water and dental caries, V, 

additional studies of the relation of fluoride domestic waters to dental caries experience in 4,425 

white children aged 12-14 years, of 13 cities in 4 states. fn6/fc Tfea/tA /A/). 57, 1155-1179.

Dempster, D W and Lindsay, R. (1993) Pathogenesis of Osteoporosis. Z/mcet 341, 797-804.

Department of Public Health and Social Security (1962) The results of fluoridation studies in the 

United States and the results achieved after five years. Aep. fuA/zc ZZca/rA AfezZ Sw^.

142



Drinkwater, B.L., Bruemner, B , and Chestnut, C H. (1990) Menstrual history as a determinant of 

current bone density in young athletes. 7 /1/M Mcd[ /4&soc. 263, 545-548.

Duckworth, C S and Duckworth, R (1978) The ingestion of fluoride in tea. ^r Dc»/. / 145, 

368-370.

Dyer, M R Y and Ball, J. (1980) Alveolar crest recession in the etentulous. jBr Dgm/. J 149, 

290-292.

Einhorn, T.A. (1992) Bone strength: The bottom line. Ca/c^ %awe ?»/. 51, 333-339.

EGlors, I., AUender, E, Kanis, J.A., ef a/. (1994) The variable incidence of hip &acture in 

southern Europe: the MEDOS study. Osfer^WMWZj: //*/. 4, 253-263.

Ekstrand, J (1978) Relationship between fluoride in the drinking water and the plasma fluoride in 

man. car/cjrrcs. 12, 123-127.

Ekstrand, J and Spak, C (1990) Fluoride Pharmacokinetics: Its Implications in the Fluoride 

Treatment of Osteoporosis ,/. j)oMC Mm. Tf^s^. 5, S53-S61.

Ekstrand, J. and Whitford, GM (1988) Fluoride metabolism. In: fAfWf<6 m Dg»ff^, 150-170. 

Edited by Ekstrand, O, Fejerskov, and Silverstone, L.M. Copenhagen, Munksgaard.

Ericsson, Y (1958) The state of fluorine in milk and its absorption and retention when 

administered in milk: investigations with radioactive fluorine, /fc/a O^kn/o/. Scanct 16, 51-77.

Ettinger, B, Genant, H.K., and Cann, C.E. (1985) Long-term estrogen replacement therapy 

prevents bone loss and &actures. /fwz. Tnrcm. A^dl 319-324.

143



Evans, E G and Wood, J L (1994) Mechanical properties and density of bone in a case of severe 

endemic fluorosis, ^c^i Or/Ac^. &wz. 47,489-495

Felson, D T., Kiel, D.P., Anderson, J.l, and Kannel, W.B. (1988) Alcohol consumption and hip 

fractures: The Framingham Study. /Im. / A^/ckm/o/. 128, 1102-1110.

Felson, D T., Zhang, Y., Hannan, MT, and Anderson, J.J. (1993) ESects of weight and body 

mass index on bone mineral density in men and women: The Framingham study. J: 5ow Mn. 

Rg& 8, 567-573.

Forster, A and Young, J. (1995) Incidence and consequence of falls due to stroke: a systematic 

inquiry. & A/^ 7311, 83-86.

Frost, H M. (1964) Dynamics of bone remodeling. In: gow Afrxf^mamfcs, Edited by Frost, H.M. 

Boston, Little, Brown, and Co.

Gallagher, J C, Young, M.M., and Nordin, BEC (1972) Effects of artificial menopause on 

plasma and urine calcium and phosphate. C/m. jEm^^crwo/. 1, 57-64.

Gallagher, J.C., Melton, L J, Riggs, BL, and Bergstralh, E (1980) Epidemiology of Aactures of 

the proximal femur in Rocester, Minnesota. C/w. Or/Ac^. 150, 163-171.

Gennari, C and Imbimbo, B (1985) Ejects of prednisolone and deCazacort on vertebral bone 

mass. Ca/cf^ 7/&y. Zu/. 37, 592-593.

Gershon-Cohen, L, Rechtman, A.M., and Schraer, H. (1953) Asymtomatic fractures in 

osteoporotic spines of the aged. J. /I. M /I. 153, 625-627.

Goggin, J.E., Haddon, J, Hambly, G.S., and Hoveland, J R (1965) Incidence of femoral fractures 

in postmenopausal women. fwAAcZZgaAA??^. 80, 1005-1012.

144



Gordon, S.L and Corbin, SB (1992) Sunrmary ofworkshopon drinking water Buonde influence 

on hip fracture on bone health. Os/ec^xwoas Tn/. 2, 109-117.

Greendale, G A , BarrettConnor, E, Edelstein, S., Ingles, S., and Haile, R (1995) Lifetime 

leisure exercise and osteoporosis. The Rancho Bernardo Study, ^mgr/cum Jowrua/ r^ 

J5^/ck/Mro/ogy 141, 951-959.

Grisso, J A., Chiu, GY, Maislin, G., Steinmann, W C , and Portale, J. (1991) Risk factors 6)r hip 

fractures in men: A preliminary study. / T^oac AA». jRg& 6, 865-868.

Grisso, J.A., Capezuti, E., and Schwartz, A. (1996) Falls as risk Actors for fractures. In: 

Of/ctywASK, 599-612. Edited by Marcus, R, Feldman, D , and Kelsey, J. San Diego, Academic 

Press.

Groen, LL, Menczel, J., and Shapiro, S. (1968) Chronic destructive periodontal disease in 

patients with presentile osteoporosis. ,7. fenodbMro/39, 19-23.

Grynpas, M D (1990) Fluoride effects of bone crystals. ,7 jBone AAm. 7?c.s'. 5 (Suppl 1), S169- 

S175.

Hahn, T.J., Halstead, L R., Teitelbaum, S L , and Hahn, B.H (1979) Altered mineral metabolism 

in glucocorticoid-induced osteopenia: effect of 25-hydroxyvitamin D administration. / C/m 

/»vc.y/. 64, 655-665.

Hall, G M, Spector, T D , GrifRn, A J, lawad, A S M., Hall, M L , and Doyle, D V (1993) The 

effect of rheumatoid arthritis and steroid therapy on bone density in postmenopausal women, 

yf r/Arf/rs w%/ T^eumur/jm 36, 1510-1516.

Harrison, J.E , Hitchman, A J W., Hasany, S.A., Hitchman, A., and Tam, C S (1984) The effect 

of diet calcium on fluoride toxicity in growing rats. CaM. .7. f/^AVo/. f/KzrmfZco/. 62, 259-265.

145



Hayes, W.CMyers, E R , Morris, J.N., Gerhart, T.N., Yett, HS, and Lipsitz, L A (1993) 

Impact near the hip dominates fracture risk in elderly nursing home residents who fall. Ca/cr/S 

7fj& /M/. 52, 192-198.

Health, HI, Melton, L.J.I, and Chu-Pin, C (1980) Diabetes mellitus and risk of skeletal fracture. 

TV: fmg/. / TWed: 303, 567-570.

Hedlund, L R and Gallagher, J.C (1989) The eGeet of age and menopause on bone mineral 

density of the proximal femur. J: .Bone AYm. T?eA. 4, 639-641.

Heggeness, M.H. and Mathis, K.B. (1996) An orthopedic perspective of osteoporosis. In: 

Os/gryorosw, 1097-1110. Edited by Marcus, R., Feldman, D , and Kelsey, J San Diego, 

Academic Press

Heikinheimo, R.J., Inkovaara, J.A, Haiju, E.J., Haavisto, M.V., Kaarela, R.H., Kat^a, J M., 

Kokko, M.-L., Kolho, LA, and R^ala, S.A (1992) Annual injection of vitamin D and fractures 

of aged bones. Ca/c/^ 77.9^%^ T/r/. 51, 105-110.

Hemenway, D, Azrael, DR, Rimm, E.B., Feskanich, D, and WiUett, W C (1994) Risk Actors 

for wrist fracture: Effect of age, cigarettes, alcohol, body height, relative weight, and handedness 

on the risk for distal forearm fracture in men. Jm. J. F^/^kmro/. 140, 361-367.

Henley, K. and Vaitukaitis, J.L. (1988) Exercise-induced menstrual dysfunction. v4»». /(ev. TWkct 

39, 443-451.

Hinchliff; S. and Montague, S. (1988) f/yao/u|gy)br MMraMg/^racTfce, London, Bailliere Tindall.

Hirota, T., Nara, M, Ohguri, M., Manage, E., and Hirota, K. (1992) Effect of diet and li&style 

on bone mass in Asian young women./4m. 7. C/m. TVir/r. 58, 1168-1173.

146



Hodge, H C and Smith, F.A. (1977) Occupational fluoride exposure. J Occ«p. AYer/19, 12-39.

Hofiman, S., Grisso, J A, and Kelsy, J L (1993) Parity, lactation and hip fracture. O;$fe({pOMM» 

/»/. 84-89.

Holbrook, T.L , Barrett-Connor, E., and Wingard, D L (1988) Dietary calcium and risk of hip 

fracture: 14-year prospective population study. Z/mce/ 2, 1046-1049.

Horsman, A., Nordin, C , and Simpson, M. (1982) Cortical and trabecular bone status in elderly 

women with femoral neck fracture. C/m. Or/Aey. 166, 143-151.

Hui, S.L., Slemenda, CW, and Johnston, C C (1988) Age and bone mass as predictors of 

fracture in a prospective study, /owmur/ (^ CZm/CY/Z 7»vej^/zg6!//oM 81, 1804-1809.

Hutchinson, T.A., Polansky, S.M., and Feinstein, A.R (1979) Postmenopausal oestrogens protect 

against fractures of hip and distal radius. Zawe/ :i, 706-710.

Inkovaara, J., Heikinheimo, R, Jarvinen, K., Kausurinen, U., Hanhijarvi, H, and Esalo, E (1975) 

Prophylactic fluoride treatment and aged bones. jB. M 7 3, 73-74.

Ishiguro, K., Nakagaki, H, Tsuhoi, S., Narita, N., Kato, K., Li, J, Kamei, H., Yoshioka, I, 

Miyauchi, Hosoe, H., Shimano, R, Weatherell, J A., and Robinson, C (1993) Distribution of 

fluoride in cortical bone of human rib. Ca/c/^ %^. Th/. 52,278-282.

Iskrant, A P and Smith, R W (1969) Osteoporosis in women 45 years and over related to 

subsequent fractures /A/AAc TTeaAA 7(6^. 84, 33-38

Jackson, S M and Bennett, P J (1988) PTyao/dgy witA WM/omy/br nurses, 1st Ed., London, 

Bailliere Tindall.

147



Jacobsen, S J (1990) Regional variation in the incidence of hip fracture. US white women aged 

65 years and older. / J. M /I. 264, 500-502.

Jacobsen, S J , Goldberg, J., Cooper, C, and Lockwood, S.A. (1992) The association between 

water fluoridation and hip fracture among white women and men aged 65 years and older. A 

national ecological study, ,4/m. j^f^k/w/o/ 2, 617-626.

Jacobsen, S J, O'Fallon, W.M, and Melton, L J. (1993) Hip fracture incidence before and after 

fluoridation of the public water supply, Rochester, Minnesota. /Im. 7. f«^//c T/ga/^A 83, 743- 

745.

Jacquimin-Gadda, H , Commenges, D , and Dartigues, J (1995) Fluorine concentration in 

drinking water and fractures in elderly. 7 7. M J. 273, 775-776.

Jaffe, R B and Dell'Acqua, S. (1985) 7%e crndbcrme pAys^/o/c^y r/prggMOMf^ a»7 /Ag /%r/par6z/ 

/Tcnocf, Hew York, Raven press.

Jagal, S B., Kreiger, N., and Darlington, G (1993) Past and recent physical activity and risk for 

hip fracture. Jm. 7 T^f^km/o/. 138, 107-118.

Jenkins, G H and Edgar, W M. (1973) Some observations on fluoride metabolism in Britain. 7 

DcM^ /(e.s. 52, 984

Jensen, J.S. and Bagger, J. (1982) Long-term social prognosis after hip fractures ^cfa Or/At^. 

^^COM. 53, 97-101.

Johnell, O, Kristenson, H., and Redlundd-Johnell, I (1985) Lower limb fractures and registration 

for alcoholism. &%f»7 7 &)C. A7g7. 13, 95-97.

148



Johnell, O, Gullberg, B, Allander, E., Kanis, J.A., Dilzen, G, Gennari, C, LopezVaz, A.A., 

Lyhtis, G, Mazzuoli, GF, Miravet, L, Passeri, M., PerezCano, R., Rapado, A., Ribot, C., 

Dequeker, J, Loew, D, Khaltaev, N., and Pluss, M (1992) The apparent incidence of hip 

fracture in Europe: A study of national register sources. O.s/ccyom.s/.s/M/. 2, 298-302.

Kanis, J.A., Melton, LJ, Christiansen, C , Johnston, C C , and Khaltaev, N. (1994) The diagnosis 

of osteoporosis. J[ ^owAf/M. /(es^. 9, 1137-1141.

Kay, MI, Young, and Posner, A.S. (1964) Crystal structure of hydroxyapatite. AizAfre 204, 

1050-1052,

Kleerekoper, M., Petersen, E.N., Nelson, D A., and et al. (1990) A randomised trial of sodium 

fluoride as a treatment for postmenopausal osteoporosis. Os/eqpwaMsTm/. 1, 155-161.

Korns, RF (1969) Relationship of water fluoridation to bone density in two N.Y. towns. fz/6//c 

7%aAA/(ep. 84, 815-825.

Kreiger, N., Gross, A., and Hunter, G (1992) Dietary factors and fracture in postmenopausal 

women: A case-control study. /w/grMa/roMrr/JbnrMa/(^.E^f6k/»/()/ogy 21, 953-958.

Kribbs, P J (1990) Comparison of mandibular bone in normal and osteoporotic women. J: 

Pros/Ae/. /Jew/. 63, 218-222.

Krieger, N., Kelsey, J L., and Holdfbrd, T R (1982) An epidemiological study of hip fracture in 

postmenopausal women. /!/». / ^fdlg/M/o/. 116, 141-148

Laskey, MA, Prentice, A., Shaw, J., Zachou, T., Ceesay, S M, Vasquez-Velasquez, L, and 

Fraser, D R (1990) Breast-milk calcium concentrations during prolonged lactation in British and 

Rural Gambian mothers. JcAiPagJraA'. ScwwZ 79, 507-512.

149



Laskey, M.A., Crisp, AJ., Cole, TJ, and Compston, J E (1992) Comparison of the effect of 

different reference data on Lunar DPX and Hologic QDR-1000 dual-energy X-ray 

absorptopmeters j)r. / /(ad/o/. 65, 1124-1129.

Lau, E., Donnan, S., Barker, D J P., and Cooper, C (1988) Physical activity and calcium intake in 

fracture of the proximal femur in Hong Kong. & M 7 297, 1441-1443.

Law, M R and Hackshaw, A K (1997) A meta-analysis of cigarette smoking, bone mineral 

density and risk of hip f'acture: recognition of a major effect. /^ AY. 7315, 841-846.

LeGeros, R Z, Taheri, MH, Quirolgico, G B , and LeGeros, J P (1997) Formation and stability 

of apatites: effects of some cationic substituents. In: 2w/ 7h/erna/fo«a/ Cortg^^^^ ^^ f Ao.^/;onr6: 

froceg(A/^s, 89-103. Boston, IMPHOS

Levin, M E., Boisseau, V.C , and Avioli, L V. (1976) Effects of diabetes mellitus on bone mass in 

juvenile and adult-onset diabetes. A. /sMg/. Ji AYedi 294,241-245.

Li, J.Y., Specker, BL, Ho, M L., and Tsang, R C (1989) Bone mineral content in black and 

white children 1 to 6 years of age. Early appearance of race and sex differences. Am. Ji DA 

CAfW143, 1346-1349.

Lindsay, R., Hart, D.M., Forrest, C, and Baird, C (1980) Prevention of spinal osteoporosis in 

oophorectomized women. Zamcg/ 2, 1151-1153.

Lindsay, R (1988) Sex steroids in the pathogenesis and prevention of osteoporosis. In: 

Os^/gcywros^A. gho/pgy, dkagMosw a%/ muMf^^gmgnr, 333-358. Edited by Riggs, B.L New York, 

Raven.

Litkins, R C, McClure, J.F., and Steere, A.C. (1956) Urinary excretion of fluroide following 

defluoridation of water supply. PwA/fc 7fga//A 7(6^. 71, 217-220.

150



Luckey, MM, Meier, DE, Mandeli, J P , DaCosta, M C , Hubbard, ML, and Goldsmith, S J 

(1989) Radial and vertebral bone density in white and black women: Evidence for racial 

differences in premenopausal bone homeostasis. 7. C/m. jEMokcrwo/. A^^AzZ*. 69, 762-770.

Lukert, B , Higgins, J, and Stoskopf^ M. (1992) Menopausal bone loss is partially regulated by 

dietary intake of vitamin D Ca/c^ T/ssi/e /»/ 51, 173-179.

Macintire, WH , Harden, L.L, and Lester, W (1952) Measurement of atmospheric 

fluorine:analyses of rainwater and Spanish moss exposures. EhgMg CAcm. 44, 1365-1370.

Madans, L, Kleinman, J C , and Comoni-Huntley, J. (1983) The relationship between hip fracture 

and water fluoridation: An analysis of national data. /Im. 7 f wAAc 7fca/fA 73, 296-298.

Mamelle, N., Dunsan, R, Martin, LL., Prost, A., Meunier, P J , Guillaume, M., Gaucher, A, and 

Zeigler, G (1988) Risk-Benefit ratio of sodium fluoride treatment in primary vertebral 

osteoporosis. Z/mccr :i, 361-365.

Marcus, R (1988) The nature of osteoporosis. In: Oj^eryorosw, 647-659. Edited by Marcus, R, 

Feldman, D , and Kelsey, J San Diego, Academic Press.

McCormick, D P, Ponder, S.W., Fawcett, H.D., and Palmer, J L (1991) Spinal bone mineral 

density in 335 normal and obese children and adolescents: Evidence for ethnic and sex 

differences. 7 ^OMC AYm. 7?gA 6, 507-513.

McKay, F.S. (1916) An investigation of mottled teeth(I) DgwA Cosmo^^ 58, 477-484.

Melton in, L.J., Chao, E.Y.S., and Lane, J (1988) Biomechanical aspects of fractures. In: 

Os/eryxvAgw. F/w/ogy, D/ngMosw 6z»7 AfhMug^eme/!/, 111-132. Edited by Riggs, B.L. and 

Melton, L.J.I. New York, Raven Press.

151



Melton, L G I. (1991) DiHering patterns of osteoporosis across the world. In: A/ew (6/»eMSfOA9 m 

O^tcc^rosM m tAe /PPOa;, 13-18 Edited by Chestnut, C.H Hong Kong, Exerpta Medica.

Melton, L J, Atkinson, E J, OEallan, W M, Wahner, H.W., and Riggs, B.L. (1993) Long-term 

fracture predication by bone mineral assessed at different skeletal sites../. jPowe AY//?. 7?gs. 1227- 

1233.

Melton, L J.I. (1988) Epidemiology of fractures In: O^gf^xvwfs ; E^r/o/f^y, DfUgMoaf, UM(/ 

AYiaMagemcM/, 133-154. Edited by Riggs, B.L and Melton, L.J.I. New York, Raven Press.

Miravet, L, ChaumetRiffaud, P , and Ranstam, J (1993) Residential care and risk of proximal 

femur fracture. Eo«g 14, S73-S75.

May, H , Reader, R, Murphy, S., and Khaw, K (1995) Self-reported tooth loss and bone mineral 

density in older men and women, /fgg a/%/ /(gg/Mg 24, 217-221.

Moreno, E.C., Kresak, M., and Zahradnik, R T (1997) Physiochemical aspects of fluoride-apatite 

systems relevant to the study of caries, car/ej^rgs. If (suppl. 1), 142-171.

Mosekilde, L. (1997) Age related changes in vertebral trabecular bone architecture-assessed by a 

new method. Eowe 9, 247-250.

Moulton, F R (1942) F/wonng a/k/DeM/a/ J%aAA, Washington, DC,

Nagant De Deuxchaisnes, C and Devogelaer, J D. (1988) Increase in the incidence of hip fracture 

and of the ratio of trocanteric to cervical hip fracture in Belgium. Ca/cf^ Tf&M/e //?/. 42, 201-203

National Research Council (1993) /Zea/tA /^c!^ ofTy^iasZet//7??or?/7g.s. 1-181, National Academy 

Press.

152



Nelson, ME, Fisher, EC, and Catsos, P.D (1986) Diet and bone status in amenorrheic runners 

/4/». / C/fA JVw^. 43,910-916

Nelson,M., Hague, G.F., Cooper, C, Bunker, V W. (1988) Calcium intake in the elderly; 

validation of a dietary questionnaire Jbf//?Kz/q/Z/n/»UM7Vw/n//o»a/%/D/g/g//cs. 1, 115-127.

Neuman, W.F. and Neuman, M W (1958) 7%e CAem/ca/ DyMam/cj^ (/jBow AA/zera/, Chicago, 

University of Chicago Press.

Nevitt, M.C., Cummings, S.T., Kidd, S., and Black, D (1989) Risk factors for recurrent 

nonsyncopal falls: a prospective study../. J. AY. /I. 2663-2668.

Nevitt, M C and Cummings, S R (1993) Type of fall and risk of hip and wrist fractures: a study 

of osteoporotic fractures. J^ /f/». Gena/r. &)c. 41, 1226-1234.

Noguchi, K., Ueno, S., K^muiya, H, and Nishiido, T. (1963) Chemical composition of the volatile 

matters emitted by the eruptions of Miyake Island in 1962. Prac. u^/z/fcafY 39, 364-369.

Nordin, BEC (1973) AYIe/aWzc jBaae azk/ Aawe Df.$easg, Edinburgh, Churchill Livingstone.

Nordin, B E C (1983) Osteoporosis with particular reference to the menopause. In: 7%g 

as/eopara/zc .g/zzzfkazzze, 13-44. Edited by Avioli, L V New York, Grune and Stratton.

Nordin, B.E.C., Need, AG, Chatterton, BE, Horowitz, M., and Morris, H.A. (1989) The 

relative contributions of age and years since menopause to postmenopausal bone loss. J^ C/zzz. 

F^zzcfaarz/za/. MeAzA. 70, 83-88.

Owen, RA, Melton, L.J.I., Estrup, DM, Johnson, K.A., and Riggs, B.L. (1982) Colles' fracture 

and subsequent hip fracture risk. C/zzz. Cr/Zzcyz. 171, 37-43.

153



Paganini-HiU, A., Chao, A., and Ross, R K (1991) Exercise and other factors in the prevention of 

hip fracture: The Leisure World Study. ^/ck/Mfo/ogy 2, 16-25.

Pak, CYC, Sakhaee, K , Piziak, V., Peterson, RD, Breslau, N.A, Boyd, P., Poindexter, J R., 

Herzog, J., Heard-Sakhaee, A, Haynes, S., Adams-Huet, B, and Reisch, J S (1994) Slow- 

release Sodium Fluoride in the management of postmenopausal osteoporosis, /(wt /ntgn*. Afgct 

120, 625-689.

Parfitt, A.M., Gallagher, J C, Heaney, R P, Johnston, C C J., Neer, R, and Whedon, G D 

(1982) Vitamin D and bone health in the elderly. Jm. ,/ C/m. Vh/r. 36, 1014-1031.

Parhtt, A.M. (1988) Bone remodeling: Relationship to the amount and structure of bone, and the 

pathogenesis and prevention of fractures. In: Osfeopwo&M. E/ro/ogy, DmgMOj;^, mf 

MaMugg/MgM/, 45-93. Edited by Riggs, B.L. and Melton, L JI New York, Raven Press.

Patel, D N, Pettifbr, J.M, Becker, P J, Grieve, C , and Lescbner, K. (1997) The eRect of ethnic 

group on appendicular bone mass in children../ j)o/z6 AA/*. /(gj^. 7, 263-272.

Phipps, K. (1995) Fluroide and bone health. Jicwma/ r/fM^/rc T/ga/rA DeM/rary 55, 53-56.

Phipps, K R, OrwoU, E.S., and Bevan, L. (1996) Waterborne Ruoride and bone mineral density. 

/ Dg/r/. 7?g& (Abstract)

Phipps, K.R., Mason, J D, and Orwoll, E.S. (1997a) Community water fluoridation, fractures and 

bone mineral density. (Abstract)

Phipps, K.R , Orwoll, E.S., and Bevan, L. (1997b) Water-borne fluoride associated with a 

reduction in forearm bone mineral density, /f6%^ awwol /»gg/wg (Abstract)

154



Piette, F., Elbeze, Y., Debouzy, C , Potier, J J , Huard, D , Proust, J., Baconnet-GuUlet, C, Beck, 

H., and Bertheaux, P (1983) What are prediction risk factors of bone hractures in long-term 

geriatricunits? Aprospecdve study of two years. freaeMfe^/of C/mrco/ GeroMfo6%y Cof^e&g, 

j)Mdkpg.yr, T/f/Mgary (Abstract)

Pogrund, H., Makin, M., Robin, G., Menczel, J, and Steinberg, R (1977) Osteoporosis in 

patients with fractured femoral neck in Jerusalem. C/zM. Or/Ary. 124, 165-172.

Prentice, A., Laskey, MA, Shaw, J., Cole, T.J., and Fraser, D R (1990) Bone mineral content of 

Gambian and British children aged 0-36 months. Domg AYwgr. 10, 211-224.

Prior, J.C., Bigna, Y.M, and Schechter, M.T. (1990) Spinal bone loss and ovulatory 

disturbances. vV. JS/rgA / Afe<i 323,1221-1227.

Public Health Alliance and British Fluoridation Society (1994) 0/K w a /n//AoM. wa/er 

^Mor/dkrAoM aw/ck/rra//wAAc Aca/rA. 1-73, British Fluoridation Society.

Rashiq, S. and Logan, R F A (1986) Role of drugs in fractures of the femoral neck. & M 7 292, 

861-863.

Rasmussen, H (1968) The parathyroids. In: TgxfAooA </gwkcnw/pgy, 4th Ed., 847-965. Edited 

by Williams, R.H Philadelphia, Saunders.

Reid, I.R., Ames, R , Evans, M C, Sharpe, S., Gamble, G , France, J T , Lim, T M T , and 

Cundy, T.F (1992) Determinants of total body and regional bone mineral density in normal 

postmenopausal women - A key role for fat mass. 7 C//». Aw/ocnwo/. A/e/aA. 75,45-51

Reid, IR, Evans, M.C., Ames, R, and Wattle, D.J. (1997) The influence of osteophytes and 

aortic calcification on spinal bone mineral density in postmenopausal women. 7 CAw 

Ew/bcnwo/. A^fg/arA. 72, 1372-13 74.

155



Report ofUnited Kingdom Mission (1953) 7%g Mwondb/ioM c^^jCkoMiej^ic Pfa/er 6^w^/;es i/? 

TVbr/A J/Merica, London, HMSO

Ribot, C , TremoUieres, F., and Pouilles, LM. (1993) Risk factors for hip fracture. J?OMe 14, S77- 

S80.

Richelson, L S , Wahner, H.W., Melton, L JI, and Riggs, B.L. (1984) Relative contributions of 

aging and estrogen deficiency to postmenopausal bone loss./V. jE/rg/. / A<^d[ 311, 1273-1275.

Riggins, RS, Zeman, F., and Moon, D. (1974) The effects of sodium fluoride on bone breaking 

strength. CaZei/: 7fj& /(ef. 14, 283-289.

Riggs, BL, Jowsey, J., and Kelly, P J (1966) Quantitative microradiograohic study of bone 

remodeling in Cushing's syndrome. A/g/aAoZ/sm 15, 773-780.

Riggs, L., Hodgson, S F, O'Fallon, WM, Chao, E.Y.S., Wahner, H W, Muhs, J M, Cedel, 

S.L., and Melton, L.J. (1990) Effect of fluoride treatment on the fracture rate in postmenopausal 

women with osteoporosis. Y EMggZ / A^^Z 322, 802-809.

Ringe, JD , Kruse, HP., and Kuhlencordt, F. (1978) Long term treatment of primary 

osteoporosis by sodium fluoride. In: FYf/ondlg wz<7 Aow, 228-232. Edited by Courvoisier, B, 

Donath, A., and Baud, C A Bem Huber.

Schlichting, P., Hoilund-Carlsen, P.F., and Quaade, F (1981) Comparison of self-reported height 

and weight with controlled height and weight in women and men. /w^erMarZoMaZ JiwrnaZ (^ 

(96e6Z/y 5, 67-76.

Seeman, E. (1996) The effects of tobacco and alcohol use on bone. In: C).s(gfyv?msA, 577-597. 

Edited by Marcus, R, Feldman, D , and Kelsey, J. San Diego, Academic Press.

156



Seino, Y., Ishida, H, and Himura, H (1985) Diabetic osteopenia in central Japan. DfaA^tcs 

JW^6z6. 11, 216-219

Sherlock, J C (1984) Fluorides in fbodstuns and the diet. Jbnmo/ of /(opo/ &x;fe/x 77co/rA 1, 34- 

36.

Sim, FH. and Kelly, P.J. (1970) Relationship between bone remcxieling, oxygen consumption, 

and blood flow in bone 7. ^onc Jd/ni Swfg. 52-A, 1377-1389.

Simonen, O and Laitinen, O (1985) Does Fluoridation of Drinking-Water Prevent Bone Fragility 

and Osteoporosis. ZoMcc/ ii, 432-433.

Singer, L., Armstrong, W.D, Zipkin, L, and Frazier, P D (1974) Chemical composition and 

structures of fluorotic bone. C//n. Or/Acy?. JRg/. /(cs. 303-313.

Singh, M., Nagrath, A.R, and Maini, P S. (1970) Changes in trabecular pattern of the upper end 

of the femur as an index of osteoporosis. / Borne Jdfwf Bwrg. 52A, 457-467.

Smith, H.V. and Smith, M.C. (1931) Mottled enamel in Arisona and its correlation with the 

concentration of Ouroide in water supplies. Bn//. Jr/z. /4gr/c. Exy. B/n (No.32)

Solomon, L (1979) Bone density in ageing Caucasian and ABican populations. Z/mce/ 2, 1326- 

1330.

Southard, R.N., Morris, J.D., Mahan, J D, Hayes, JR, Torch, M.A., Sommer, A., and Zipf, 

W B (1991) Bone mass in healthy children: Measurement with quantitative DXA BatBo/ogy 

179, 735-738.

157



Sowers, M (1996) Premenopausal reproductive and hormonal characteristics and the risk for 

osteoporosis. In: O.s/goporo6/.s\ 529-550. Edited by Marcus, R, Feldman, D, and Kelsey, J. San 

Diego, Academic press.

Sowers, M R, Clark, M.K., Jannausch, M.L, and Wallace, R B. (1991) A prospective study of 

bone mineral content and fracture in communities with differential fluoride exposure, /fw. ,/.

133,649-659.

Speechley, M E. and Tinetti, M. (1991) Falls and injuries in frail and visorous community elderly 

persons. 7. Jm. Ggr/hA'. Sbc. 39, 46-52.

Sperof^ L , Glass, RH , and Kase, N. (1989) C/fwca/ Gy»eco/ogy, EMocnMoZqgy w7 

7/^rr//!(K, Baltimore, Williams and Wilkins.

Stewart, A.L (1982) The reliability and validity of self-reported weight and height. 7 CArom. D/s 

35, 295-309.

Stookey, G, Li, Y, Katz, B , Liang, C , Ji, R, Sun, S., Cau, S., and Niu, S. (1993) Biological 

effects of fluroide in Chinese populations. 7 Dem/. 7?gs. 72, 234 No. 1042(Abstract)

Suarez-Almazor, M E., Flowerdew, G, Saunders, D, Soskolne, C.L, and Russell, A.S. (1993) 

The fluoridation of drinking water and hip fracture hospitalization rates in two Canadian 

communities./4/». 7. P«6/fc7fga/rA 83, 689-693.

Suter, P M and Russell, R M (1987) Vitamin requirements of the elderly, /fm 7 C/zw. 7Vi//r. 

45, 501-512.

Tinetti, ME, Speechley, M., and Ginter, S.F. (1988) Risk factors for falls among elderly persons 

living in the community. V Eng/. 7 A/e7 319, 1701-1707.

158



Urist, M.R. (1962) The bone-body fluid continuum, ferapec/. ^/o/. MecZ 6, 75-115.

Vermeulen, A., Rubens, R, and Verdonck, L (1972) Testoesterone secretion and metabolism in 

male senescence. /. C/m. Endbcrmo/. A/cf^Z,. 34, 730-735.

Vinogradov, A.P (1970) Geochemie seltener und nur in Spuren vorhandener chemischer 

Elemente in Boden. In: f%fWk6 wk/ /Zw/noM 7/ea/tA , BTfO A/bnqgro. &r TVb JP, 21Edited by 

WHO, Geneva, WHO

Walters, C B , Sherlock, J C , Evans, W H, and Read, I (1983) Dietary intake of fluoride in the 

United Kingdom and fluoride content of some foodstuff. 7. Skf. fboe/Jgr/c. 34, 523-528.

Weinstock, RS, Goland, S., Shane, E., Clemens, T.L, Lindsay, R, and Bilezikian, J P (1989) 

Bone mineral density in women with type II diabetes mellitus. 7 ^ong AY//?. 7(cs. 4, 97-101.

Welton, DC, Kemper, H C G, Post, G B , and van Staveren, W.A. (1995) A meta-analysis of 

the effect of calcium intake on bone mass in females and males. 7 Vw/r. 125, 2802-2813.

Whiteside, LA, Simmons, D.J., and Lesker, P.A. (1977) Comparison of regional bone blood 

flow in areas of differing osteoblastic activity in the rabbit tibia. C/7r Or/Ary. 124, 267-270.

Whitford, G M, Pashley, D H, and Reynolds, K.E (1979) Fluoride tissue distribution: short­

term kinetics. /4w;. 7 P/^j:/o/. 236, FI4I-F148.

Whitford, G M (1996) 7%c y»c6i6o/fAyM ow/ /ox/c/(y o/yZnondIg, 2nd Ed., Basal, Karger.

WHO Study Group (1994) Assessment of fracture risk and its application to screening for 

postmenopausal osteoporosis. Os/t^cyomsrs //?/. 4, 368-381.

159



Wickham, C A C , Walsh, K., Cooper, C , Barker, D IP., Margetts, B.M., Morris, J., and Bruce, 

S.A. (1989) Dietary calcium, physical activity, and risk of hip fracture: a prospective study. .8. AY. 

7 299, 889-892.

Woolf^ A D and Dixon, S.J.A. (1988a) Os/ecgwoMS. /f c/mfca/ gn/dk, p.7 London, Dunitz, M

Woolf; A D and Dixon, S.J.A. (1988b) Osteoporosis: the concepts. In: Oa^ecporosK .' a c/m/ca/ 

gufdk, 26-48. London, Martin Dunitz.

Wooten, R, Bryson, E., and Elasser, U. (1982) Risk factors for fractured neck of the femur in the 

elderly./Ige Jgemg 11, 160-168.

World Health Organisation (1994) Assessment of fracture risk and its application to screening for 

postmenopausal osteoporosis. ffbrA/7Zga//A Organ. TecA. 7?^. Ser. 843,

Zipkin, I, McClure, F.J., and Lee, W.S. (1960) Relation of the fluoride content of human bone to 

its chemical composition. JrcA. Ora/ .B/a/. 2, 190-195.

160



Section H: Bibliography

Fluoride:

1. Public Health Alliance and British Fluoridation Society One m a mdAon. wafer 
)?«ondbffOM an6/6kMfa/M^^f<: Aea/fA. British Fluoridation Society, 1994 pl-73

2. World Health Organization. ,4f|prc!prfafe ww o/y7Mondkf/y /wmon Aea/fA 
Geneva: World Health Organization, 1986. pl-131

3. Whitford, G.M 7%e me6:6o/Mm ondfoacfCffy o(/hfon6k, Basal: Karger, 1996.

Osteoporosis:

4. Marcus, R, Felman, D And Kdscy,]. (Eds) Oj^efyoroMf, San Diego: Acadeniic 
Press, 1996.

5. Woolf,A D and Dixon,S.J.A. O&feppomms. /4 c/mfca/gwfck, London: Dunitz,M 
1988.

6 Riggs,B.L. and MeltonJ..J.IIl. (Eds) Oj^eoporosM. effoA%y, dSfagMOMsmKf 
/MonngeyneMf, New York: Raven Press, 1988.

7. Reid,D M (Ed) Osfecywros/s, London: Bailliere Tindall, 1993.

8. Francis, R M. (Ed) O&fec^porosf^;. pof/zogenesM onz/ moMage/Menf, Dordrecht. 
Kluwer Academic Publishers, 1990.

9. Pecile, A and de Bemard,B (Eds) j)owe regwZafo/}'/ac/ors. worpWpgy, 
AzocAew/sny, p/rp^zo/ogy one/pAarznaco/ogy, New York: Plenum Press, 1990.

161




