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1 INTRODUCTION

Introduction

THE NEED FOR A GUIDELINE

Osteoporosis affects both men and women. Its prevalence increases with age, and it is particularly
common in postmenopausal women. One in three women and one in twelve men over the age
of 50 will suffer an osteoporotic fracture, affecting around 200,000 women and 40,000 men in
Scotland.” Given the increasingly sedentary lifestyle followed by many people, particularly
children,? and an increasing elderly population,? the number of men and women suffering an
osteoporotic fracture is likely to grow.

The significance of osteoporosis lies in the increased risk of fracture as the disease progressively
reduces bone mineral density (BMD). In Scotland there are over 20,000 cases of osteoporotic
fractures annually. More than 20% of orthopaedic bed days are taken up by patients who have
suffered hip fractures.

Figure 1: Presentations with low impact fracture

35 Male
30 B Female
25
%

20
15
10

0

Wrist Hip Humerus Ankle Other

Figure 1 shows presentations with fracture (sustained in the absence of major trauma) in men and
women over the age of 50 as a percentage of approximately 2,600 fracture events presenting over
a two year period at a Scottish teaching hospital serving a catchment population of around
250,000 people.

There is a personal cost to each patient in addition to the £1.7 billion annual cost to the UK
exchequer of treating osteoporotic fractures.*

Fifty per cent of hip fracture patients are no longer able to live independently and 20% die within
6 months. In addition there is the pain, deformity and disability associated with vertebral fracture.

It is difficult to tease out the risk factors for osteoporosis, falls, and fracture. Osteoporosis is
itself a risk factor for fracture while, for example, a sedentary lifestyle contributes to osteoporosis
risk and also to the risk of falling. The three are inextricably linked and this complicates the
review of the evidence.

A wide range of diagnostic and monitoring tools are available to identify those at risk of, or
suffering from, osteoporosis, and it is important to identify the most effective of these. Across
Scotland there is significant variation in the availability of physicians with an interest in
osteoporosis, in availability of diagnostic equipment, and in referral and treatment rates." A
guideline to inform the public, clinicians, and those who allocate funding within NHSScotland
is required to minimise variation and provide an evidence base for commissioning services.
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REMIT OF THE GUIDELINE

This guideline explores the selection of patients for referral or further investigation and monitoring,
and treatment options. The objective is to ensure the timely identification of those individuals at
highest risk of osteoporosis, as well as those who already have the disease. Patients who have
already suffered a low impact fracture, including those who have just been admitted to hospital
with such a fracture, are at highest risk.>®

Women and men over 50 who present with fractures (that occur in the absence of major trauma,
such as road traffic accidents) have a high prevalence of osteoporosis, which can be readily
identified and treated either within an orthopaedic setting or by liaison between orthopaedic and
other secondary or primary care services. NHS Quality Improvement Scotland (formerly CEPS)
have funded an audit of existing models of care for the secondary prevention of osteoporotic
fractures. This will report in 2004 and may inform future service development.

This guideline pays particular attention to the treatment options that can be used in these patients
to reduce their increased risk of further fractures with the aim of achieving “secondary prevention
of fracture”. Further information on the specific management of hip fracture can be found in
SIGN Guideline 56.”

Specifically excluded from the remit are population screening, primary prevention of osteoporosis,
and osteoporosis in children or adolescents.

DEFINITIONS

A World Health Organisation (WHQO) working group and consensus conference have defined
osteoporosis as “A disease characterised by low bone mass and microarchitectural deterioration
of bone tissue, leading to enhanced bone fragility and a consequent increase in fracture risk” .2

Osteoporosis is a systemic skeletal disease and osteoporotic fractures can occur at any site,
though the fractures classically associated with this disorder are those involving the thoracic and
lumbar spine, distal radius, and proximal femur. The definition does not imply that all fractures
at sites associated with osteoporosis are due to the disorder. The interaction between bone
geometry and the dynamics of the fall or the traumatic event, happening in a given environment,
are also important factors in causing fracture. These can happen independently of, or in association
with, low bone density.

BONE MINERAL DENSITY (BMD)

The risk of falls and the resultant trauma are difficult to assess and predict. The WHO definition
of osteoporosis therefore captures only the bone-specific estimate of fracture risk. This is best
captured by bone mineral density. The WHO working group used this technique to stratify risk as
follows:

Normal Bone mineral density less than 1 standard deviation below the
young normal mean (T >-1)

Osteopaenia Bone mineral density between 1 standard deviation and 2.5 standard
deviations below the young normal mean (T between —1 and -2.5)

Osteoporosis Bone mineral density more than 2.5 standard deviations below the young
normal mean (T <-2.5)

This definition only applies to women. Recent reviews have suggested that applying the same
definition to men, based on a male normative range, would have the same utility® although this
is not universally accepted.'

T-SCORES AND Z-SCORES

Measurements of bone mineral density are often cited in terms of a T-score, which is the number
of standard deviations by which the patient’s BMD differs from the mean peak BMD for young
normal subjects of the same gender. Another measure of BMD is the Z-score, which is the
number of standard deviations by which the patient’s BMD differs from the mean BMD for
subjects of the same age
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1 INTRODUCTION

PATIENT CONCERNS AND HOW THEY INFLUENCED THE GUIDELINE

Patient concerns regarding osteoporosis were identified through contact with patients themselves
and via the published literature. A review of the literature highlighted issues that are of concern
to people suffering from, or concerned about their risk of suffering from, osteoporosis. Similar
concerns were also identified from calls received by the National Osteoporosis Society (NOS)
helpline (managed by a team of osteoporosis nurse advisers). The concerns raised by patients are
summarised below.

AM | AT RISK OF DEVELOPING OSTEOPOROSIS?

Lack of awareness of risk factors or lack of visibility of osteoporosis as a health problem means
that women may not perceive themselves to be at risk of developing the disease.!"

Patients may be aware of the importance of some risk factors, such as family history, and seek
out advice and treatment. Men tend to be less aware of the risk and what it implies for their
health and lifestyle.

“I knew | was at risk of it because my mum and auntie both had... you know.. the hump back.
... am quite happy now on my HRT and | do plenty walking.”

Risk factors are discussed in section 2

DO I NEED A BONE SCAN?

Patients are concerned that they do not have access to bone scans. Current provision in Scotland
is variable.

Some patients report anxiety if they are not offered a repeat bone scan following treatment.

“It really helps to have a bone scan every now and then as | feel | am doing the right thing and
carrying on with the treatment- my bones have not got any worse - | don’t want to end up like my
mother - she really suffered an awful lot of pain.”

Bone densitometry is discussed in sections 3 and 6

WHAT CAN | DO TO MAKE THINGS BETTER FOR MYSELF?

The majority of people with osteoporosis, if given appropriate information, are very keen to do
what they can to influence their bone health and protect themselves from (further) fractures. This
means not just taking medication but also having a calcium rich diet and being able to take
regular exercise without the fear of having a fall and/or fracture.'®'®

“How much calcium should be taken? Do | take tablets, or rely on calcium rich foods?”

“I have been told not to have too much fat because of my heart problems — so what do | eat when
I am not allowed too much cheese or milk?”

“For the last three months | have attended exercise classes twice weekly and now attend a
maintenance class which | find very beneficial ... | was too frightened to do much on my own
before ... | kept thinking | would do myself some damage.”

“Getting some exercise has really helped my confidence.”

Diet and exercise are discussed in section 4

ARE THERE ANY RISKS ASSOCIATED WITH MY MEDICATION?

Many patients report feeling confused and anxious about the type of medication they have been
prescribed. Women express concern about taking hormone replacement therapy (HRT), and the
fear of breast cancer is very real.”

Undesirable side effects mean that some patients do not continue with their medication.'?320-22
Some experience gastric discomfort that they attribute to bisphosphonates.'”

Pharmacological treatments are discussed in section 6.
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HOW CAN | MANAGE THIS PAIN?

Patients report the pain following a vertebral fracture as excruciating. Everyday activities such as
going to the hairdresser or on an outing to the theatre or cinema can be very painful, and many
women are depressed by the difficulty they have in finding clothes that fit comfortably and also
look good. It would be immensely helpful to know that health professionals understood these
problems and could take them into account when assessing the impact on patients and their
families.?*2°

“I slept in a chair for three months ... or crawled about the floor ... couldn’t even wash my hair
... there seemed no end to the pain ... the painkillers didn’t really work ... | became very
depressed... | have lost all my confidence.”

Pain management is discussed in section 6.11.

OTHER CONCERNS

Calls made to the NOS helpline indicate that many patients diagnosed with osteoporosis do not
receive enough information and support from the health professionals looking after them. Patients
are often told that they have osteoporosis but are not given an adequate explanation of what this
means or the implications of the disease, and this can be a bewildering and frightening experience
for them.

As the patient with osteoporosis makes his or her journey from being identified as at risk, then
through diagnosis and treatment, studies suggest that good communication, support and explanation
is important at all stages. Good communication between patients, their families, carers, and
health professionals alleviates some of the anxieties and concerns and improves compliance
with long term treatments.?>?” Practical information on such things as diet and exercise, and on
adjunct methods of pain relief empowers patients to contribute to the management of their
condition.?*

Going into hospital for any reason can be alarming for people with osteoporosis, especially if it
is severe and they have already experienced fractures.??°

“I had terrible toothache... and abscess. ..l needed more treatment and he wanted me to go for a
general anaesthetic in the hospital but | couldn’t ...I might get broken when asleep!”

STATEMENT OF INTENT

This guideline is not intended to be construed or to serve as a standard of medical care. Standards
of care are determined on the basis of all clinical data available for an individual case and are
subject to change as scientific knowledge and technology advance and patterns of care evolve.
These parameters of practice should be considered guidelines only. Adherence to them will not
ensure a successful outcome in every case, nor should they be construed as including all proper
methods of care or excluding other acceptable methods of care aimed at the same results. The
ultimate judgement regarding a particular clinical procedure or treatment plan must be made by
the doctor in light of the clinical data presented by the patient and the diagnostic and treatment
options available. However, it is advised that significant departures from the national guideline
or any local guidelines derived from it should be fully documented in the patient’s case notes at
the time the relevant decision is taken.

REVIEW AND UPDATING

This guideline was issued in 2003 and will be considered for review in 2007, or sooner if new
evidence becomes available. Any updates to the guideline in the interim period will be noted on
the SIGN website: www.sign.ac.uk
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2 RISK FACTORS FOR OSTEOPOROSIS

Risk Factors for Osteoporosis

INTRODUCTION

This chapter summarises the evidence for the major risk factors that act as predictors for
osteoporosis. Many other factors have been proposed as conveying risk of osteoporosis, but there
is no consistent evidence for any risk factors other than those discussed below.

FALLS

Not all fractures are associated with osteoporosis. Clinical risk factors related to physical function
and falls are not a risk factor for osteoporosis per se , but are powerful predictors of fracture risk.
This guideline, however, does not address the important issue of falls and their prevention. SIGN
56 on hip fracture briefly documents identifiable risk factors for falls,” and NHS Health Scotland
has conducted qualitative research into lay and professional attitudes to falling and how they can
influence fall prevention programmes.’® A much fuller review of this topic can be found in the
guidelines developed by the American and British Geriatrics Societies.>'

HISTORY OF PREVIOUS FRACTURE

Women who have suffered a previous fragility fracture (defined as a fracture occurring after a fall
from standing height or less) are at increased risk of further fractures, independent of BMD .32
Women who develop a vertebral fracture have a 19.2% (95% Cl 13-6-24.8%) risk of a further
vertebral fracture within one year.>* Men and women aged 65 years or older with a vertebral
fracture have a five year risk of femur or hip fracture of 6.7% and 13.3% respectively.>* In
women, the presence of one or two vertebral fractures increases the risk of further fracture 7.4
fold.>

Those at highest risk of fracture are those who have already fractured including those with loss of
height or kyphosis which can indicate (what may have been painless) vertebral fractures.3¢3”

Patients who have suffered one or more fragility fractures should be priority targets for
investigation and treatment of osteoporosis.

NON-MODIFIABLE RISK FACTORS

AGE

BMD decreases, and consequently the risk of osteoporosis increases with age. A significant
increase in prevalence with each decade after age 60 has been demonstrated. The United States
National Health and Nutrition Survey (NHANES) Il survey of postmenopausal women showed
that the prevalence of osteoporosis in non-Hispanic white American women was 27% (50-59
years), 32% (60-69 years) and 41% for those =70 years.*® A previous estimate based on data from
Rochester, Minnesota indicated a lower (though still high) prevalence — 14.8% (age 50-59 years),
21.6% (aged 60-69 years), 38.5% (70-79 years) and 70% (=80 years.)** A Yorkshire based study
showed a prevalence of 24% in women aged 60-69 years.*

SEX

Women are at greater risk of osteoporosis as they have smaller bones and hence lower total bone
mass. Additionally, women lose bone more quickly following the menopause, and typically live
longer. Osteoporosis is less common in men but is still a significant problem.

The rate of bone loss in men is less than that in women. In the Framingham Osteoporosis Study
annualised percent bone loss for women was 0.86% to 1.21% at different sites and for men,
0.04% to0 0.90%.*' Secondary causes of osteoporosis are, however, more common in men, affecting
approximately 40% of cases.*>*?

2++

1++
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Excepting reproductive factors and taking into account the increased influence of secondary
factors in men, the risk factors in women also apply to men.

ETHNICITY

Afro-Caribbean women have a higher BMD than white women at all ages due to a higher peak
bone mass and slower rate of loss.?®** White women have a 2.5-fold greater risk of getting
osteoporosis.®

REPRODUCTIVE FACTORS

A late menopause or short time from menopause to BMD measurement are associated with
higher BMD. There is consistent evidence that low BMD is associated with early menopause.*
Consequently, women with an early menopause should be considered at higher risk of osteoporosis
than others at a similar age.

BMD decreases most rapidly in the early postmenopausal years.*

There is no consistent evidence that tubal ligation, parity, number of previous miscarriages, or
breast feeding affect BMD.

Current use of oestrogen replacement therapy is associated with a higher BMD.*' Those currently
taking oestrogen therapy should therefore be considered as being at lower risk than others at a
similar age, unless the therapy was prescribed for osteoporosis.

FAMILY HISTORY OF OSTEOPOROSIS

Lower BMD is found in women and men with a family history of osteoporosis, a family history
being defined as a history of osteoporosis or brittle bones, kyphosis (“dowager’s hump”), or low
trauma fracture after age 50 years as reported by the offspring.

Individual BMD decreases as the number of family members with osteoporosis increases. Overall
family history is a more sensitive predictor of osteoporosis risk than maternal or paternal history
alone.*” Prevalence of a positive history in sisters is similar to prevalence reported for mothers.*’3

In one epidemiological study the greatest risk of categoric osteopaenia (RR 2.16, Cl=1.38-3.37)
was in patients whose father had a history of osteoporosis.*’

(6 Use of family history in assessing risk of osteoporosis should include maternal, paternal
and sister history.

(& Family history should include not only a given diagnosis of osteoporosis but also kyphosis
and low trauma fracture after age 50.

MODIFIABLE RISK FACTORS

WEIGHT

Weight loss or low body mass index (BMI) is an indicator of lower BMD.* In addition, those in
the lowest tertile of BMI have a two-fold greater bone loss than those in the highest tertile over
two years. Post menopausal women with below average BMI should be considered as being at
increased risk of osteoporosis.*®

SMOKING

A meta-analysis of studies looking at the effect of smoking found that BMD in smokers was 2%
lower with each increasing decade after the menopause than in non-smokers, with a 6% difference
at 80 years.* Men who smoke show greater bone loss at the trochanter.*' Female smokers have
been shown to be at greater risk of hip fracture than non-smokers, with the risk increasing in line
with cigarette consumption. The level of risk declines on giving up smoking, but is not significantly
reduced until 10 years after cessation.*

2+

2+
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Smokers should be considered at greater risk of osteoporosis than non-smokers, and
advised to stop, for this and other reasons.

2.5.3 ALCOHOL

Evidence for alcohol as a risk factor for low BMD is inconsistent, as the majority of studies do
not include subjects with excessive alcohol intake.

254 EXERCISE

A positive relationship between both current physical activity, physical activity in adolescence
and BMD has been shown in young female Canadians (18-35 years)°' and in Italian middle aged
women.>? Current exercise has been associated with higher bone density in postmenopausal
English women®® and in Norwegian women aged 50-75 years with fractures.*® However a study
of an Australian population has shown that current physical activity was positively associated
with BMD but that after adjustment for age, BMI, calcium intake, and quadriceps strength the
relationship did not remain statistically significant.>* Consequently, individuals with a sedentary
adolescent lifestyle should be considered at higher risk of osteoporosis. Those who currently
have a sedentary lifestyle may also be at higher risk.

2.5.5 DIET

Past dietary intake of milk in adult premenopausal women (45-49 years) has been positively
associated with BMD.> Evidence of association between current calcium intake and low BMD is
inconsistent. Vitamin D levels have been shown to be positively correlated with BMD in
independent living men and women aged >80 years in Stockholm.>®* No consistent association
has been found between other dietary factors and BMD.

2.6 SECONDARY CAUSES OF OSTEOPOROSIS

A large number of clinical conditions and some categories of drugs have been associated with
osteoporosis in adults. The most common conditions associated with osteoporosis are:

= Anorexia nervosa = Male hypogonadism

»  Chronic liver disease = Renal disease

n  Coeliac disease = Rheumatoid arthritis

»  Hyperparathyroidism = Longterm corticosteroid use
= Inflammatory bowel disease = Vitamin D deficiency

M The possibility of osteoporosis should be considered in patients with the conditions listed
above.

Osteoporosis is also associated with the contraceptive Depo-Proverall. At the present time, there
is no ‘evidence based’ answer to the concerns about adverse effects of Depo-Proveral] on bone
density as the available data are conflicting.>=°

2.7 ASSESSING RISK OF OSTEOPOROSIS

2.7.1 RISK SCORES

Although there have been attempts to develop risk scores for osteoporosis most are not of satisfactory
quality and have not been validated. One tool® was evaluated in 1,013 white American women
and had a sensitivity of 98% and a specificity of 12% in that group. The positive predictive value
was 69% and the negative predictive value was 75%. Other risk tools have assessed fracture risk.
The best performing has a receiver operating characteristic (ROC) curve (graph indicating specificity
and sensitivity at all possible cut-off points) of 0.88 (values >0.8 are generally required to indicate
effectiveness of a test) but this has not been validated in a separate population.®'

The development of a validated tool of this kind would be a useful addition to the diagnosis of
osteoporosis.
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WHO IS AT HIGHEST RISK?

It must be clear which risk is being considered: the risk of osteoporosis, or the risk of falling or
fracturing. Each of these is linked and osteoporosis is only one risk factor for fracture.

Priority should be given to finding and managing patients at the highest risk of falling and
experiencing a fracture. Those who have already experienced a fracture are at high risk of a further
fracture. Thus patients with a previous fracture are a key target group.

The next group to target are those with osteoporosis risk who have not yet sustained a fracture.
The risk factors that have best evidence for increasing risk for this group are shown in Table 1.
Although many are not modifiable, these factors contribute to a threshold for diagnostic testing,
which helps prioritise which patients should be sent for a DXA scan (See section 3.5).

Table 1: Risk factors for osteoporosis (when no history of fracture)

Strongest risk factors Other significant risk factors
Female sex Caucasian origin
Age >60 years Early menopause
Family history of osteoporosis Low BMI
Smoking
Sedentary lifestyle
Long term (=3 months) corticosteroid use

It is difficult to offer evidence based advice about particular combinations of risk factors which
justify further investigation since the evidence is lacking, but there seems to be an additive effect
of risk factors — more present means greater risk.®® A systematic approach to offering osteoporosis
assessment to all such patients should be developed, though scarce resources should be targeted
at those at highest risk to ensure the most efficient use of these resources.
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Measurement, Diagnosis and Monitoring

INTRODUCTION

Bone mineral density is the major criterion used for the diagnosis and monitoring of osteoporosis.
BMD differs between different sites around the body and there is only a moderate correlation
between BMD at different sites.®? BMD of a specific site is the best predictor of fracture at that
particular site.®* Techniques available for measuring BMD are shown in Table 2.

Table 2: Techniques for measuring BMD

Technique Appropriate sites

Dual-energy X-ray Absorptiometry (DEXA or DXA) Anteroposterior (AP) spine,
lateral spine, proximal femur,
total body, forearm, heel

Quantitative Computed Tomography (QCT) Spine
Peripheral Dual-energy X-ray Absorptiometry (pDXA) Forearm
Peripheral Quantitative Computed Tomography (pQCT) Forearm
Single Photon Absorptiometry (SPA) Forearm
Single-energy X-ray Absorptiometry (SEXA or SXA) Forearm
Radiographic Absorptiometry (RA) Phalanges

Other techniques are available that measure properties related to bone density. Quantitative
Ultrasound (QUS) can be used to measure properties of the calcaneus related to bone quality and
structure, though it cannot be used to diagnose osteoporosis or to target treatment. Biochemical
markers such as resorption markers can be used to assess bone turnover.

This section focuses on the techniques of DXA, QCT, and QUS, and the use of biochemical
markers for the diagnosis and monitoring of osteoporosis.

PLAIN RADIOGRAPHS

Assessment of bone density from plain radiographs is not appropriate as it is open to marked
observer variation and apparently normal density does not reliably exclude osteoporosis.®* Although
severe osteopaenia on plain films correlates reasonably with low BMD measured by DXA, there
is a wide overlap.®® Treatment should not be instituted on the basis of plain film findings as this | 1+
could lead to many patients being treated unnecessarily. Similarly, many patients with osteoporosis
would be missed. The use of digital radiography, which allows the image to be manipulated
electronically, has introduced a degree of uncertainty that makes it even more difficult to reliably
assess bone density.

n Conventional radiographs should not be used for the diagnosis or exclusion of osteoporosis.

When plain films are interpreted as ‘’severe osteopaenia’’ it is appropriate to suggest
referral for DXA.

Grading of vertebral fractures and the number of fractures will influence management.
Standardisation of reporting of vertebral fractures identified on plain radiographs would be helpful.
There is an established method for such reporting.

M  The presence of vertebral fractures should be included in reports on conventional radiographs
along with a recommendation for further action. (See Section 6.2)
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PERIPHERAL TECHNIQUES

DXA scanning is the current standard technique for the diagnosis of osteoporosis due to its
ability to measure BMD at a variety of sites. Peripheral imaging techniques such as pQCT,
pDEXA, SXA, RA, phalangeal ultrasound, and peripheral radiographic fractal analysis are often
used as screening methods for subsequent DXA, for diagnosis of osteoporosis, or the monitoring
of treatment. Their principal advantages compared to DXA are their relatively modest cost and
the portability of the equipment. Few studies have been done to compare these techniques
against the current standard of DXA.

It has been suggested that patients with a forearm T-score of less than —2.5 on DXA should begin
treatment, while those with a score greater than —1 should simply be reassured that fracture risk
is low.” This, however, only applies to the diagnosis of fracture risk in postmenopausal women.
A significant proportion of women with T-scores between —1 and —2.5 would still have to be
referred for subsequent axial DXA. It should also be noted that there is only a moderate correlation
between forearm or heel and axial BMD and therefore forearm or heel BMD is not appropriate
for making treatment decisions. In addition the forearm is not a suitable site for monitoring
response to treatment.®

M  Thereis no role for forearm or heel scanning in the diagnosis of osteoporosis in targeting
therapy to reduce fracture risk. In remote or rural areas provision of a mobile DXA service
is a viable alternative.

QUANTITATIVE ULTRASOUND

Quantitative ultrasound equipment is available that measures a range of parameters using several
different methods. Most systems measure speed of sound (SOS) and broadband ultrasound
attenuation (BUA) of the calcaneus. Different systems produce different values both in absolute
terms and in relation to age-matched subjects. It is not possible to extrapolate the findings from
one instrument or technique and apply it to another, and this limits the amount of generally
applicable evidence.

This complexity is reflected in the literature, where there is a considerable variation in the design
of studies and the presentation of conclusions.

Some studies are based on populations of elderly patients living in sheltered or supervised
accommodation. Conclusions from these studies may not be generalisable to populations living
independently, particularly when looking at the development of new fractures where protection
from falls may have a bearing on fracture incidence.

There is evidence® that QUS of the heel can predict fracture risk of hip and spine independently
of BMD measurements. There is also some evidence that QUS in addition to BMD evaluation by
DXA may give a better estimate of fracture risk than DXA scanning alone.?? The precision of QUS
is generally poor and changes in QUS of the heel may not reflect changes in BMD at the spine or
hip.

The ultimate conclusion must be that though QUS may have a role in improving estimates of
fracture risk, this is at best a proxy for the assessment of bone density. QUS of the heel cannot,
therefore, be recommended for the investigation or monitoring of patients suspected of being at
risk for osteoporosis or to justify initiation of treatment.

There is insufficient evidence to support the use of any of these techniques for population screening,
or for pre-screening for DXA.

QUANTITATIVE COMPUTED TOMOGRAPHY

Quantitative Computed Tomography has been widely used to measure BMD, particularly in the
spine. It can be performed on conventional CT scanners by purchasing special software. An
advantage of QCT is that it can measure cortical and trabecular bone separately. Disadvantages
are the relatively high radiation dose involved and the high cost of scans.



3 MEASUREMENT, DIAGNOSIS AND MONITORING

Given the limited availability of CT scanners in Scotland and the competing demands for their
use, it would not be appropriate to use QCT for the routine diagnosis or monitoring of osteoporosis
in NHSScotland.

3.5 DUAL ENERGY X-RAY ABSORPTIOMETRY

DXA can measure BMD at the spine, hip, forearm, heel, and in the total body. The diagnosis of
osteoporosis varies greatly depending on the measurement site, and on the number of sites
measured. It is not possible to exclude a diagnosis of osteoporosis on the basis of a DXA
measurement at only one site.?

Bone mineral density measurement at the hip provides the best prediction of hip fracture risk®
but does not exclude the possibility of osteoporosis at the spine. As scans are not analysed while
the patient is still lying on the scanner, it is normal to acquire both hip and spine scans at the
one visit. The spine is the preferred site for monitoring the response to treatment. Careful
interpretation of the spine image, and comparison of the T-scores of individual vertebrae is
required as the measured BMD may be affected by factors such as vertebral fracture or degenerative
changes.

A well conducted systematic review on the diagnosis and monitoring of osteoporosis in
postmenopausal women has demonstrated the effectiveness and usefulness of DXA.>?

1++

-\| BMD should normally be measured by DXA scanning performed on two sites, preferably
anteroposterior spine and hip.

3.5.1 MONITORING

The precision of DXA varies with BMD and the measurement site. In this context, precision is a
measure of how reproducible BMD is if it is measured several times during the same patient
visit, with the patient re-positioned on the scanner between measurements. This determines how
large the change in BMD must be between successive patient visits before it can be confidently
interpreted as a genuine change.

In the spine precision can be affected by artefacts associated with degenerative changes. When
outliers were removed, long term precisions of 1.1, 2.2 and 1.3% were achieved for the lumbar
spine, femoral neck and total hip BMD respectively.”® To detect changes at the 95% confidence
level they must be at least 2.8 times the precision error. Changes in BMD of the spine, femoral
neck and total femur cannot therefore be detected with confidence unless they are around 3, 6
and 4% respectively.

Careful examination of DXA spine images is required to ensure that apparent changes in BMD
are not due to artefacts. Misleading changes have been reported in the monitoring of osteoporosis
therapy where it has been shown that women who lose BMD during the first year of treatment
can gain BMD if the same treatment is continued for a second year. Effective treatments for
osteoporosis should not normally be changed because of loss of BMD during the first year of
use.”’ There is insufficient evidence to determine whether repeating BMD measurements two
years after starting treatment is useful.*3?

1++

n Repeat measurements should only be performed if they influence treatment.

3.5.2 RISK

The radiation dose from DXA scans varies depending on the scanner type and the site measured.
The combined effective dose from AP spine, lateral spine, and hip scans is typically less than 30
MSv, which corresponds to only a few days natural background radiation or a single transatlantic

flight.

M  Patients should be reassured that the radiation dose from DXA is extremely small.

11
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There is no significant difference in accuracy or precision between older generation pencil beam
and newer fan beam DXA scanners. Fan beam systems offer shorter scanning times leading to a
high patient throughput. Some models of fan beam DXA scanners also offer high resolution
lateral spine imaging.

Spinal degenerative disease is prevalent among the elderly and may result in an artefactual increase
in spine BMD measured in the AP view. Lateral spine DXA selectively measures the trabecular
rich vertebral bodies and is less affected by spinal degenerative disease. Lateral spine DXA identifies
more osteoporotic patients and is more sensitive to age related bone loss than AP spine DXA.”2
Lateral spine DXA is, however, less precise and a greater treatment effect for lateral spine rather
than AP spine DXA may be offset by greater precision errors.” The lateral spine view is not
available on many DXA systems.

& If DXA investigations are repeated, AP spine and total hip measurements should be used
to follow response to treatment.

M Although the greatest treatment effect is often observed in the spine, it is often also
helpful to monitor changes in hip BMD because spinal images may be affected by artefacts.

A model DXA report is included in Annex 2.

FRACTURE PREDICTION

Annual hip fracture risk can be estimated from age, sex and femoral neck BMD7#77 An example
of the annual hip fracture risk for females as a function of age and Z-score is shown in Figure 2.
To extend the annual fracture risk to a 10 year fracture risk requires the assumption that the
patient’s Z-score will remain constant.

Figure 2: Annual hip fracture risk for women as a function of age and femoral neck BMD
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BMD has been converted to Z-score to make the data independent of the particular DEXA systen.
Calculated from De Laet et al JBMR 13 (1998) 1587-93.

@ Following a DXA scan of the hip, the annual hip fracture risk (or 10 year fracture risk)
should be included in the DXA report.

Existing vertebral fractures increase the risk of a subsequent vertebral fracture by a factor of four,
and double the risk of a subsequent hip fracture.” Identification of existing vertebral fractures is
therefore an important factor in the assessment of future fracture risk. Lateral spine DXA can
detect vertebral deformity. Visual assessment of lateral spine images from high resolution fan
beam DXA agrees as well with lateral radiographs as radiographs interpreted by different
radiologists.””8° Fan beam DXA results in a radiation dose of only 1% of a lateral radiograph. In
addition to its role in identifying existing fractures, lateral DXA can identify artefacts such as
aortic calcification and degenerative changes that affect BMD measured in the AP view.

2++
2+
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'@ Where lateral spine scans acquired with fan-beam DXA are available, visual assessment
should be used to assess prevalent vertebral fractures.

Evidence of existing vertebral deformity should be used to modify the hip fracture risk
estimated from age, sex, and BMD.

COST OF DXA SCANNING

Provision of, and access to, DXA scanners is variable across Scotland. As a consequence, not all
patients suspected of having osteoporosis are scanned. Without scans, patients may be treated
inappropriately or not at all. Annex 3 provides an example annual costing of a DXA service.
Once a service has been established, the cost per scan is relatively low.

Since some of the costs are fixed it is clear that increased use of a scanner reduces the unit cost.
We do not, however, have sufficient evidence to draw conclusions about the impact of DXA on
treatment costs, or the effect on healthcare expenditure that may arise from a reduction in fracture
incidence.

A complete DXA investigation, including patient preparation, image acquisitions, analysis,
printouts and report generation, is typically performed in 20 to 25 minutes, making each DXA
system capable of a throughput of approximately 4,000 patients per year. Assuming an annual
referral rate of 1% of the population,®' a minimum of 13 DXA scanners would be required for the
Scottish population. Taking into account geographical factors and the distribution of population
density, however, a larger number would be required if all communities were to be given equal
access.

M  DXA should be available in all Health Board areas.

M  When new DXA scanners are purchased these should be high resolution systems with fast
acquisition times. Consideration should be given to purchasing a system that is capable
of lateral spine imaging. Where this is available a typical study should consist of quantitative
measurements of AP lumbar spine and hip, and visual assessment of the lateral spine.

BIOCHEMICAL MARKERS

Biochemical markers of bone turnover have the potential to have a major clinical impact on the
investigation and management of osteoporosis in Scotland. Individual marker assays are simple
and inexpensive to perform and modern laboratory technology has the capacity to cope with the
maximum likely workload.

By definition, the diagnosis of osteoporosis is directly linked to the measurement of BMD.
Several studies have sought to use biochemical markers to select patients at risk of rapid bone
loss for subsequent BMD measurement, but have failed to demonstrate a consistent relationship
between marker results and bone loss. The sensitivity and specificity of the bone marker assays
were too low to be useful.3?

.\ Biochemical markers of bone turnover should have no role in the diagnosis of osteoporosis
or in the selection of patients for BMD measurement.

There is evidence from recent studies that resorption markers measured in urine or more recently
in serum, can predict increased fracture risk (OR ~ 2) independently of BMD. However, there is
no conclusive evidence that has demonstrated the value of one or more specific markers, either
alone or in combination with other factors, in the prediction of fracture risk in the individual
patient.®? At the present time biochemical markers of bone turnover have not been proven to
have clinical value in the prediction of fracture risk in individual subjects.

1++
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Changes in biochemical marker concentrations alter with therapy and these changes may be used
to predict subsequent changes in BMD. It has been suggested that regular monitoring of
biochemical markers can increase patient compliance with therapy and/or assist with the alteration
of therapy to achieve optimal effect on improving BMD. Although several original studies support
this view,®*# they have used different markers and different study protocols resulting in variable
outcomes.*? A recent meta-analysis shows that the greater the increase in BMD at the spine and
hip, or decrease in bone markers at one year, the greater the reduction in the risk of non-vertebral
fracture.®

There is currently no agreement on the marker(s) of choice for this application or on the preferred
strategy for optimal use. Currently there is insufficient evidence to support a recommendation for
the routine use of a specific panel of biochemical markers of bone turnover in monitoring and
adjusting the treatment being given to patients with osteoporosis. However, this position will
change in the foreseeable future and there is every likelihood that evidence will emerge to
establish a definite role for biochemical markers in this application.
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4  Non-pharmacological interventions

4.1 INTRODUCTION

A number of non-pharmacological factors have been implicated in the prevention of fractures in
patients with osteoporosis either independently of, or in combination with, positive effects on
bone density. Many anecdotal and non-peer reviewed comments suggest that a number of diet-
related factors may have a positive influence on bone density. This guideline focusses on exercise,
calcium, the fluoridation of water, and non-soy derived ipriflavone as areas where a body of
evidence does exist.

M  Everyone with osteoporosis will benefit from a good calcium intake and weight-bearing
exercise.

4.2 EXERCISE

There is mounting evidence to suggest that physical exercise reduces the risk of falling in older
people.Gait training, appropriate use of assistive devices, and exercise programmes with balance
training have emerged as key components of exercise programmes for community dwelling older
people.’! 1+

A number of systematic reviews and meta-analyses®®® have suggested that an exercise programme
combining low impact weight bearing exercise and high-intensity strength training maintains
bone density in men and postmenopausal women.

High intensity strength training is recommended as part of a management strategy for
osteoporosis.

Low impact weight bearing exercise is recommended as part of a management strategy
for osteoporosis.

Resistance training refers to training where an overload resistance is applied. The resistance can
be low, usually referred to as muscular endurance training, or moderate to high, called strength
training. Strength training needs to be of a high intensity to produce gains in strength and BMD.
Any form of strength training should be site specific i.e. targeting areas such as the muscle groups
around the hip, the quadriceps, dorsi/plantar flexors, rhomboids, wrist extensors and back extensors.

Weight-bearing activity is carried out when standing. Low impact weight-bearing activity is
characterised by always having one foot on the floor. Jumping (both feet off floor) is termed high
impact training. High impact training is not suitable for patients with osteoporosis.

Weight bearing exercises should be targeted to loading bone sites predominantly affected by
osteoporotic change — ie hip and spine.

To be effective all exercise programmes need to be progressive in terms of impact and intensity
as fitness and strength levels improve.?® Programmes should begin at a low level that is comfortable
for the patient. An initial assessment by a suitably trained individual such as a physiotherapist
will give the patient a reference point from which to start the exercise programme. Patients and
healthcare professionals should refer to the guidelines produced by the Chartered Society of
Physiotherapists for an indication as to the kind of exercise that could be recommended to
different patient groups.”

M  All healthcare professionals should encourage regular exercise, such as walking, to promote
good bone and general health.
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CALCIUM

DIETARY DERIVED CALCIUM

Two systematic reviews®'°2 suggest that dietary derived calcium is as effective as pharmacologically
derived sources at maintaining adequate calcium balance in postmenopausal Caucasian women.
A well conducted meta-analysis® suggests that 1000 mg per day of dietary calcium leads to a
24% reduction in hip fractures.

Postmenopausal women should aim for a dietary intake of 1,000 mg calcium per day.

As a treatment for osteoporosis, this is higher than the 700mg recommended nutrient intake
advised by the Committee on Medical Aspects of Food and Nutrition Policy (COMA) for
maintenance of bone health.*

Milk, including skimmed or semiskimmed, offers a very cheap source of calcium with no associated
risk for the majority of the population. A calcium intake of up to 2,500 mg per day does not
promote hypercalciuria or stone formation in the absence of renal dysfunction. Patients with
impaired renal function should avoid excessive calcium intake (=2,500 mg per day) and consult
with their doctor. An average daily intake of 1000 mg of calcium can most easily be obtained
from 600 ml (1 pint) of milk with either 50 g (2 oz) hard cheese (eg Cheddar or Edam), one pot
of yoghurt, or 50 g (2 0z) sardines.

Examples of dietary sources of calcium and their calcium content are provided in Annex 4.

CALCIUM AND VITAMIN D SUPPLEMENTATION

Calcium supplementation using tablets is one means of ensuring an adequate calcium intake in
those unwilling or unable to do so by dietary means. A daily calcium intake of 1,000 mg or more
taken in tablet form is likely to reduce fracture rates by a similar rate to that seen with dietary
derived sources of calcium. There is no evidence that a vitamin D supplement is needed for
active people under 65 years of age. However, everyone over 65 years of age should aim to take
10 mg (400 IU) daily of vitamin D. For the majority of people this can only be achieved by
vitamin D supplementation.®® Where vitamin D deficiency has been confirmed or is likely, such
as in the case of housebound individuals, a vitamin D supplement of 20 pg (800 IU) is the
recommended dose.

The role of calcium and vitamin D supplementation in conjunction with pharmacological therapy
is dealt with in Section 6.8.

WATER FLUORIDATION

Studies relating the fluoridation of drinking water to fracture rates in women with a low BMD
consistently show no effect in patients with low bone density or osteoporosis, °>°¢ although the
duration of the studies may be too short to demonstrate such an effect. There is some evidence to
support a modest effect of water fluoridation on improving axial BMD.””*® However, a well
conducted meta-analysis has concluded that water fluoridation has no net effect on fracture
rates.’® Although these studies do not support water fluoridation for the prevention of osteoporosis,
neither do they suggest any detrimental effect in relation to fracture rates.

OTHER DIETARY INTERVENTIONS

Natural progesterone, magnesium, boron, and homeopathic remedies have all been proposed as
treatments for osteoporosis. Again, no evidence was identified regarding any role they may have
in the management of osteoporosis and fracture prevention.

IPRIFLAVONE

Ipriflavone is a flavinoid found in large amounts in soy-rich foods. It has been suggested that it
may prevent fractures in patients with osteoporosis.

1++
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There is no consistent evidence of a beneficial effect of ipriflavone on BMD or fracture rates in
patients with low bone density or osteoporosis. Two RCTs report a small beneficial effect on
radial and vertebral BMD at two years,**'® whereas a recent well conducted RCT'*' showed no
effect on BMD at three sites or on biochemical markers of bone resorption.

']+

Ipriflavone should not be used as a sole therapy for fracture reduction in patients with
osteoporosis.

The effects of soy-rich foods containing ipriflavone or other flavinoids has not been tested in a
rigorous enough manner to allow further consideration. Similarly, there are no data to address
the role of flavinoids as adjuncts to other pharmacological agents to treat osteoporosis.

4.5.2 CAFFEINE

Itis frequently suggested that carbonated drinks or beverages containing alcohol or caffeine are
detrimental to bone health. Available evidence regarding their intake by patients with low bone
density or osteoporosis is, however, inconclusive and does not support any recommendation in
relation to fracture prevention.

17
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Hormone Replacement Therapy and
Osteoporosis

The majority of women in the UK use HRT for the relief of menopausal symptoms that may be
very unpleasant and affect quality of life and wellbeing. HRT tends to be used for relatively short
durations in the perimenopausal period.' It is generally prescribed for women at an age when
fracture risk is low.

USE OF HRT IN THE MANAGEMENT OF OSTEOPOROSIS

Primary prevention of osteoporosis is outwith the scope of this guideline, but the Women’s
Health Initiative Study (WHI) has added greatly to knowledge in this area.’® It is simply not
known whether data from primary prevention studies can be extrapolated to treatment of
osteoporosis. The WHI study looked at 16,608 normal, healthy women aged 50 to 79 taking a
combination of conjugated equine oestrogens 0.625 mg and medroxyprogesterone acetate 2.5
mg. A secondary end point of the study looked at incidence of fractures. This confirmed the long
held assumption that HRT prevents osteoporotic fractures. (Table 3)

Table 3: Reduction in osteoporotic fractures with HRT: WHI study data'®

Fracture site HRT (n=38506) Placebo (n=8102) Hazard ratio 95% ClI

Hip 44 62 0.66 0.45- 0.98
Spine 41 60 0.66 0.44- 0.98
Other osteoporotic 579 701 0.77 0.69- 0.86
Total 650 788 0.76 0.69- 0.85

There are limited data available from other randomised controlled trials on the use of HRT to
prevent fractures. Recent meta-analyses*'® have been mainly influenced by two large trials, one
of which (the HERS study) produced a negative result.'®

When assessing the role of HRT in the treatment of osteoporosis, there is only one small (75
patients) double blind randomised placebo-controlled trial assessing the efficacy of HRT
(transdermal oestrogen with progestogen) in the secondary prevention of (vertebral) fractures.'®
When analysed on the basis of the number of vertebral fractures that occurred in the two groups,
the oestrogen treated group had a significant reduction in vertebral fracture incidence. However,
analysis based on the numbers of women with new vertebral fractures (the usual end point of
more recent studies) did not show a statistically significant reduction.

A number of relatively small randomised controlled trials gauging the efficacy of oestrogen
replacement (HRT) in treating low BMD have been conducted. One study'®” has compared the
BMD benefits of HRT against alendronate and placebo and shows that with use of HRT over two
to three years significant BMD gains occur at the lumbar spine and femur and are at least as great
as those seen with bisphosphonates. These studies have not been of sufficient power to provide
an insight into the antifracture efficacy of HRT. In the light of the WHI data on normal women
where bone density was not known but HRT demonstrated overall fracture reduction, it seems
highly likely that current use of HRT will also reduce fracture risk in women with known low
BMD.

BENEFITS VERSUS RISKS OF HORMONE REPLACEMENT THERAPY

The risks and benefits of HRT are complex and require the individual assessment of each woman
considering taking HRT, especially for more than five years. The increase in risk of breast cancer
associated with HRT is small, but related to duration of use and is the major reason why most
women opt not to continue HRT in the long term. The large re-analysis by Beral and colleagues
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of the world wide data on HRT and breast cancer estimated that 45 women in every 1,000 who
do not use HRT will have breast cancer diagnosed between the ages of 50 and 70.'% For women
who start to use HRT at age 50, the extra number of breast cancers that are diagnosed has been
estimated as follows:

Table 4: Breast cancer incidence in women starting HRT at age 50

Length of time on HRT Extra breast cancers found to age 70 (per 1,000 women)
in excess of the 45 which would occur in non-HRT users

5 years 2
10 years 6
15 years 12

Other considerations in the risk benefit analysis include an increased risk of venous thrombo-
embolism, with a relative risk between two and four with an absolute risk of around three per
10,000 users per year.'* Raloxifene (a Selective Estrogen Receptor Modulator or SERM) carries a
similar increased risk of venous thromboembolism (VTE)."° Previous history of VTE contraindicates
oral HRT or raloxifene.""

Use of unopposed oestrogen in women increases the risk of endometrial cancer by around six-
fold after more than five years of use.''? Progestogens should be added to reduce risk of endometrial
cancer. Recent data make it clear that an increase in risk of endometrial cancer still remains with
longer term use of sequential combined HRT (RR 1.5) and prescribers should be aware of this
possibility after more than five years of therapy.'"® This increasing risk is not found in women
using continuous combined oestrogen and progestogen regimens.'*°

Recently conducted randomised controlled trials have failed to show any benefit in coronary
heart disease (CHD).'9%114103 The WHI data confirmed this and, in addition, demonstrated excess
risk of both myocardial infarction and stroke in HRT users (Table 5). A more recent analysis of
evidence from RCTs on the long term effects of HRT provides further support for the lack of effect
on CHD and increased risk of stroke.'

Further data from the WHI study'® confirm increased risks of breast cancer and thromboembolism
with HRT (Table 5). As yet, there are no data from the oestrogen-only versus placebo arm of the
same study. Endometrial cancer rates were not affected, in keeping with previous data. Colorectal
cancers appear to have a lower incidence. Overall there were no differences in mortality between
the HRT and placebo groups.

Table 5: Absolute risk reduction/excess risk attributed to continuous combined HRT in 10,000
users over one year'®

Outcome HRT versus placebo per 10,000 person-years
Cardiovascular disease + 7 (37 versus 30 cases)

Stroke + 8 (29 versus 21 cases)

DVT/PE + 18 (34 versus 16 cases)

Breast cancer + 8 (38 versus 30 cases)

Colon cancer - 6 (10 versus 16 cases)

Hip fracture - 5 (10 versus 15 cases)

M  Use of HRT can be considered as a treatment option for osteoporosis but the risks and
benefits should be discussed with each individual woman before starting treatment.

Perimenopausal women at risk of osteoporosis could consider taking HRT and can be reassured
that current usage of HRT reduces risk of osteoporotic fracture. Duration of usage should be
based on regular reassessment of the risks and benefits of continuing HRT for each individual
woman.
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Pharmacological Management

This section describes the following treatment scenarios:

= Postmenopausal women with multiple vertebral fractures (DXA not essential but other
destructive diseases should be excluded)

= Postmenopausal women with osteoporosis determined by axial DXA and a history of at least
one vertebral fracture

= Postmenopausal women with osteoporosis (determined by axial DXA) with or without a
previous non-vertebral fracture

»  Frail, elderly women with a diagnosis of osteoporosis, with or without previous osteoporotic
fracture

= Men with a diagnosis of osteoporosis determined by axial DXA with or without previous
osteoporotic fractures

HRT is discussed within each scenario, and further information about HRT is also given in
section 5.

The quick reference guide accompanying this guideline summarises the decision making process
for each of these scenarios (except for men).

THE AIMS OF TREATMENT

REDUCTION IN THE INCIDENCE OF FRACTURES

The prime objective of treatment for osteoporosis is to reduce the incidence of fractures. Patients
with a history of previous fracture are two to eight times more likely to have a fracture at any
skeletal site. These patients are readily identifiable and should be prioritised for treatment. Patients
with vertebral fractures, whether painful or painless, share the same or possibly greater future
fracture risk but only a minority of these are currently recognised and treated.

ALLEVIATION OF FRACTURE RELATED MORBIDITY

The priority from the patient’s perspective may be the provision of an effective analgesic regimen
- to reduce the pain associated with vertebral fracture, for example. Treatment of osteoporosis to
achieve the secondary prevention of fractures will not influence pain that is currently being
experienced by a patient as a result of a fracture. Advice on pain management is given in Section
6.11.

WHICH SUBSEQUENT FRACTURES CAN BE PREVENTED?

The treatments reviewed in this section can broadly be divided into those that have been shown
to have potential to reduce the incidence of vertebral fractures only and those with wider potential
efficacy in reducing fractures at any skeletal site (ie vertebral and non-vertebral sites). Some
therapies have been shown to reduce the incidence of hip fractures as part of their efficacy in
reducing the risk of non-vertebral fractures. In general, the first choice therapeutic option would
be a treatment that is effective in reducing both vertebral and non-vertebral fracture risk.

RISK FACTORS FOR FRACTURE AND THEIR USE IN TARGETING TREATMENT

The key risk factors for fracture are low BMD, past history of fracture, age, and the risk of falling
(see Section 2).%>78 Together these define the baseline fracture risk and ultimately are useful in
defining who should be treated. Women aged over 60 with osteoporosis and a history of
osteoporotic fracture are at greatest risk of vertebral and non-vertebral fractures.’? Assessment of
BMD by axial DXA is a prerequisite for targeting treatment in the vast majority of cases. The
notable exception is patients who have had at least two vertebral fractures and are known not to
have underlying metastatic tumours, myeloma or other destructive disease, when clinical trials
have shown that the bisphosphonates are capable of achieving the secondary prevention of vertebral
fractures. In all other situations, BMD assessment by axial DXA would be essential to define a
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level of fracture risk at which treatment is likely to be effective in reducing the patient’s risk of
fracturing. Targeting treatment to reduce fracture risk on the basis of clinical risk factors for
falling (without measurement of BMD) has been shown to be ineffective as a means of reducing
the incidence of fractures.'

Efficacy of therapies in reducing fracture risk has most frequently been assessed in terms of the
impact on vertebral fracture risk. The majority of studies have specifically assessed potential
reduction in incidence of “morphometric” (ie non-clinical) vertebral fractures. These are usually
defined on the basis of reductions in posterior, mid, or anterior vertebral body dimensions and
these may be accompanied by a semiquantitative grading of fracture severity. The clinical trials
differ in the thresholds of height loss that define incident morphometric vertebral fracture. Studies
of risedronate'”'"® and HRT'% have based the definition of incident vertebral fractures on a
decrease of at least 15% in one of these vertebral dimensions, albeit in association with changes
in the semiquantitative grading system. In other clinical trials of etidronate,''® alendronate, 3637120
raloxifene,"'® and calcitonin'?' incident vertebral fractures have been defined on the basis of loss
of at least 20% of vertebral body height. This has a key influence on the placebo vertebral
fracture rates. Results of the main placebo controlled RCTs of drug treatments to reduce fracture
risk are summarised in Table 6.

Selection of specific drug therapy for an individual patient is ultimately at the discretion of the
prescribing clinician and should take into account the risk versus benefit of therapy in the context
of the patient’s health record and their individual concerns. Similarly, therapeutic regimens
should be reviewed periodically as the risk/benefit ratio may change over time.

There are two important considerations that should be taken into account when using oral
bisphosphonates.

= All bisphosphonates are poorly absorbed. Typically, only between one and five per cent of
the ingested dose is actually absorbed. Optimal absorption requires all bisphosphonates to
be ingested on an empty stomach, either first thing in the morning after overnight fasting with
the subsequent avoidance of food for 30 minutes or in the middle of a four hour fast, and they
should be washed down with a large glass of water.

= All bisphosphonates can potentially be associated with gastrointestinal side effects. For
aminobisphosphonates such as alendronate this can on rare occasions present as oesophageal
ulceration. The risk of these symptoms can be lessened by the avoidance of lying flat within
30 minutes of ingestion, or by using the once weekly preparations.

Given the complicated nature of the protocols for ingestion, it is doubtful if bisphosphonate
therapy would be appropriate for patients who are unlikely to be able to comply with such a
regimen. This may apply, for example, where the patient is confused and does not have a resident
carer.
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Table 6: Summary of RCTs evaluating the effectiveness of drug therapies in reducing fracture incidence in postmenopausal women

Fracture risk reduced | Therapy ‘ Patients ‘ BMD Placebo fracture rate Fracture rate with treatment RR (95% Cl) ‘ NNT#* ‘
Women with multiple vertebral fractures, but no DXA scan

Vertebral fracture Etidronate'" 423 | - 9.3% over 2 years 4.1% over 2 years 0.44 (0.2,1.0) 19
Vertebral fracture Risedronate''” 2458 | - 16.3% over 3 years 11.3% over 3 years 0.59 (0.43,0.82) 20
Non-vertebral fracture | Risedronate'” 2458 | - 8.4% over 3 years 5.2% over 3 years 0.6 (0.39,0.94) 32
Vertebral fracture Risedronate'® 1225 | - 29% over 3 years 18.1% over 3 years 0.51 (0.36,0.73) 10
Women with low BMD established by axial DXA, and with at least one vertebral fracture

Vertebral fracture Alendronate?® 2078 | Femoral neck T<-1.6 15% over 2.9 years 8% over 2.9 years 0.53 (0.41,0.68) 15
Hip fracture Alendronate?® 2078 | Femoral neck T<-1.6 2.2% over 2.9 years 1.1% over 2.9 years 0.49 (0.23,0.99) 90
Vertebral fracture Calcitonin'’ 1255 | Lumbar spine T<-2 26% over 5 years 18% over 5 years 0.67 (0.47,0.97) 12
Vertebral fracture Raloxifene'"® 2304 | Femoral neck T<-2.5 21.2% over 3 years 14.7% over 3 years 0.7 (0.6,0.9) 16
Women with low BMD determined by axial DXA, with or without previous non-vertebral fracture

Vertebral fracture Alendronate 37 4432 | Femoral neck T<-1.6 3.8% over 4.2 years 2.1% over 4.2 years 0.56 (0.39,0.8) 60
Vertebral fracture Alendronate 37 1640 | Femoral neck T<-2.5 5.8% over 4.2 years 2.9% over 4.2 years 0.5 (0.31,0.82) 35
Hip fracture Alendronate 37 1640 | Femoral neck T<-2.5 2.2% over 4.2 years 1% over 4.2 years 0.44 (018,0.97) 81
Non-vertebral fracture | Alendronate'? 1908 | Lumbar spine T<-2.5 4.4% over 1 year 2.4% over 1 year 0.53 (0.3,0.9) 54
Vertebral fracture Raloxifene'"® 4524 | Femoral neck T<-2.5 4.5% over 3 years 2.3% over 3 years 0.5(0.4,0.8) 46
Hip fracture Risedronate''® 5445 | Femoral neck T<-2.7 3.2% over 3 years 1.9% over 3 years 0.6 (0.4,0.9) 78
Non-vertebral fracture | Risedronate ''® 5445 | Femoral neck T<-2.7 10.7% over 3 years 8.4% over 3 years 0.8 (0.7,1.0) 43

*NNT values are calculated, rather than quoted from the source references. The NNT is not only a function of the efficacy of the therapy but is significantly determined by
the baseline risk as reflected in the incidence of fractures (vertebral and non-vertebral) observed in the placebo groups of these trials. As indicated in the Table, the placebo
rate varies significantly between trials and direct comparison of the NNTs as a guide to relative efficacy is not appropriate.
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6.2 POSTMENOPAUSAL WOMEN WITH MULTIPLE VERTEBRAL FRACTURES

Women with multiple vertebral fractures are at greatest risk of future fracture.?® That future risk
rises exponentially in association with increased number of prevalent fractures. Only a minority
of vertebral fracture patients are ever diagnosed or treated for osteoporosis. Only 50% of vertebral
fractures are associated with pain but the morbidity with regard to future potential fracture risk
and mortality are the same whether a vertebral fracture has been associated with symptoms or
not. Inconsistency in radiology reporting is a factor that contributes to low rates of identification
and subsequent poor treatment of patients with osteoporotic vertebral fracture.'?

The efficacy of three years’ risedronate 5 mg daily (with calcium + vitamin D) was associated
with significant reduction in morphometric vertebral fracture incidence among women with at
least two vertebral fractures in two large clinical trials.""”"'"® The larger study''” also demonstrated
reduction in non-vertebral fracture risk.

The alternative regimen of risedronate 35 mg once weekly is as effective as the 5 mg daily
regimen in improving bone density'** and by implication has similar efficacy in reducing fracture
risk.

Intermittent cyclical etidronate (400 mg cyclical etidronate for 14 days followed by 76 days of
500 mg of calcium per day), is effective in the secondary prevention of vertebral fractures in
women with at least two vertebral fractures and radiological osteopaenia but without targeting
treatment using DXA.'"?

6.2.1 OPTIONS FOR THERAPY

Provided underlying destructive disease such as tumour (including myeloma), or infection, has

been excluded as the cause of multiple vertebral fractures, there is evidence'”'" that targeting | ;..
women with at least two vertebral fractures with bisphosphonates is associated with a significant
reduction in vertebral fracture risk.

Postmenopausal women who have suffered at least two vertebral fractures should be considered
for one of the following options:

.\ To reduce fracture risk at all sites: treatment with oral risedronate (5 mg daily or 35 mg
once weekly + calcium + vitamin D).

Although not tested specifically in this scenario in clinical trials, it is likely that alendronate
would have equal efficacy to risedronate.

.\ To reduce vertebral fracture risk: treatment with intermittent cyclical etidronate (400 mg
daily for 14 days + 500 mg calcium daily for 76 days, repeating 3 monthly cyclical
therapy).

In either of these cases treatment can be initiated without prior assessment by DXA scanning.

The selection of specific drug therapy for an individual patient is at the discretion of the prescribing
clinician taking into account the patient’s health record, but will also be influenced by formulation,
cost, tolerability, and patient choice. Other things being equal, however, risedronate or alendronate
should be the preferred option for this category of patient as they reduce fracture risk at all sites.

6.3 POSTMENOPAUSAL WOMEN WITH OSTEOPOROSIS DETERMINED BY AXIAL
DXA AND WITH A HISTORY OF AT LEAST ONE VERTEBRAL FRACTURE

6.3.1 BISPHOSPHONATES

Alendronate 10 mg daily (with 500 mg calcium + 250 IU vitamin D per day) is effective in the
secondary prevention of osteoporotic vertebral fractures when targeted at women with at least
one vertebral fracture and with BMD at the femoral neck that is lower than a T-score of —1.6.3
Like other studies cited below, this trial used reference data from the independent National
Health and Nutrition Survey (NHANES).'? In this trial the incidence of morphometric vertebral
fractures was significantly reduced. Although overall non-vertebral fracture risk was not reduced,
specific fracture subtypes such as hip fracture were significantly reduced.

1++
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The alternative regimen of alendronate 70 mg once weekly is as effective as the 10 mg daily
regimen in increasing BMD (although there are currently no fracture data).'?®

HORMONE REPLACEMENT THERAPY

Only one small RCT of the efficacy of transdermal oestrogen in the secondary prevention of
fractures has been identified.'® Patients were recruited on the basis of low bone density and the
number of incident vertebral fractures was used to define efficacy, rather than the number of
women suffering a new vertebral fracture as used in most other trials.

RALOXIFENE

60 mg raloxifene in association with 500 mg calcium and between 400 and 600 IU vitamin D
per day has been shown to be effective in reducing the incidence of morphometric vertebral
fractures in women with low BMD,'"® and either one moderate or two mild vertebral fractures.
Raloxifene has not been shown to reduce the incidence of non-vertebral fractures.

CALCITONIN

200 IU calcitonin intranasally in association with 1000 mg calcium plus 400 U vitamin D per
day has been shown to reduce the incidence of vertebral fractures.'”’ Unusually, a dose response
relationship was not seen: neither 100 IU per day nor 400 |U per day were associated with a
change in the incidence of morphometric vertebral fractures. Calcitonin has not been shown to
have efficacy in reducing the incidence of non-vertebral fractures in well conducted RCTs.

OPTIONS FOR THERAPY

Postmenopausal women who have suffered at least one vertebral fracture and who have had
osteoporosis confirmed by DXA scanning should be considered for one of the following options:

.\ To reduce fracture risk at all sites: treatment with oral alendronate (10 mg daily or 70 mg
once weekly + calcium + vitamin D).

Although not tested specifically in this scenario in clinical trials, it is likely that risedronate
would have equal efficacy to alendronate

.\ Toreduce vertebral fracture risk: treatment with oral raloxifene (60 mg daily + calcium
+ vitamin D).
To reduce vertebral fracture risk: treatment with intranasal calcitonin (200 1U daily +
calcium + vitamin D).

M  Use of HRT can be considered as a treatment option for osteoporosis to reduce vertebral

fracture risk, but the risks and benefits should be discussed with each individual woman
before starting treatment (see section 5).

The selection of specific drug therapy for an individual patient is at the discretion of the prescribing
clinician taking into account the patient’s health record, but will also be influenced by formulation,
cost, tolerability, and patient choice. Other things being equal, however, alendronate or risedronate
should be the preferred option for this category of patient as it reduces fracture risk at all sites.
Calcitonin has been shown to have some effectiveness as an analgesic for acute pain (section
6.11.1) and may be considered for patients suffering pain from vertebral fractures.

POSTMENOPAUSAL WOMEN WITH OSTEOPOROSIS DETERMINED BY AXIAL
DXA, WITH OR WITHOUT PREVIOUS NON-VERTEBRAL FRACTURE

The importance of a non-vertebral fracture is that it at least doubles the potential fracture risk at
that or other skeletal sites. The evidence base for treating this group of patients derives from
studies that have targeted therapy on the basis of low BMD and have shown efficacy in reducing
the risk of subsequent fracture. Treatment should be given on the basis of low BMD. If a patient

1++
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has a non-vertebral fracture they are at greater risk of future fracture.” It follows that there should
be greater benefits from treating this high risk group (patients with low BMD and non-vertebral
fracture) due to the higher number of fractures prevented.

6.4.1 BISPHOSPHONATES

Alendronate 10 mg per day (with 500 mg calcium + 250 U vitamin D) has been studied in a
large clinical trial®” comprising over 4,400 patients where treatment was targeted on the basis of
low BMD alone without previous fracture. During the trial, international standardisation of the
hip BMD reference data occurred and this impacted significantly on the actual severity of reduction
of BMD in the patients recruited to this trial. Subsequent analyses based on the NHANES reference
database led to re-evaluation of the entire clinical trial group with re-categorisation of their bone
densities by T-scores. The incidence of vertebral fractures is reduced in women treated at femoral
neck T-score <-1.6. If, however, treatment is targeted at those patients with femoral neck T-score
<-2.5, areduction in incidence of vertebral and non-vertebral (including hip) fracture is seen.

1++
Similar efficacy in non-vertebral fracture risk reduction has been reported in another clinical trial
of alendronate'?? in which 1900 women were treated with alendronate 10mg daily with 500mg
calcium per day on the basis that their lumbar spine BMD T-score was < -2.

Risedronate 5 mg per day (with 1,000 mg calcium plus up to 500 IU vitamin D per day) has been
shown to be effective when targeted at elderly women with femoral neck T-scores of <-4 (equates
with NHANES T-scores of around —2.7 to —2.9) or with slightly higher bone density and other
skeletal risk factors such as increased hip axis length."® This study uniquely addressed the primary
end point of hip fracture incidence and demonstrated efficacy in reducing non-vertebral fracture
risk, and specifically hip fracture risk. The incidence of hip fractures was low at 3.2% in the
placebo group over three years.

6.4.2 RALOXIFENE

Raloxifene 60 mg per day (with 500 mg calcium and up to 600 U of vitamin D per day) has been
studied in 4500 women who were treated on the basis of femoral neck T-score <-2.5.""° The
relative risk of morphometric vertebral fractures in association with raloxifene was reduced.
There was no significant reduction in the incidence of non-vertebral fractures.

1++

6.4.3 OPTIONS FOR THERAPY

Postmenopausal women who have had low BMD confirmed by DXA scanning should be
considered for one of the following options:

.\ To reduce fracture risk at all sites: treatment with either oral alendronate (10 mg daily or
70 mg once weekly + calcium + vitamin D) or oral risedronate (5 mg daily or 35 mg

once weekly + calcium + vitamin D).

.\ Toreduce vertebral fracture risk: treatment with oral raloxifene (60 mg per day + calcium
+ vitamin D).

The selection of specific drug therapy for an individual patient is at the discretion of the prescribing
clinician taking into account the patient’s health record, but will also be influenced by formulation,
cost, tolerability, and patient choice. Other things being equal, however, alendronate or risedronate
should be the preferred options for this category of patient as they reduce fracture risk at all sites.

6.5 FRAIL, ELDERLY (AGED 80+ YEARS) WOMEN WITH A DIAGNOSIS OF
OSTEOPOROSIS, WITH OR WITHOUT PREVIOUS OSTEOPOROTIC FRACTURES

Studies assessing the efficacy of the bisphosphonates etidronate, alendronate and risedronate and
of the SERM raloxifene, have generally recruited women up to 80-85 years of age and one study''®
included a study arm that recruited women of any age over 80 years. Age per se should not | ..
therefore preclude treatment with antiresorptive therapies. The same criteria for targeting treatment
apply to the elderly. Axial DXA would be a prerequisite to establish that the BMD is sufficiently
low before starting treatment with bisphosphonates, unless the patient has suffered multiple
vertebral fractures.
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For such patients, and others who are perceived to be “frail” such as those who are housebound,
another common treatable risk factor for hip fracture is vitamin D deficiency. This is a consequence
of lack of exposure to ultraviolet light. There is evidence that treating these frail patients with
calcium and vitamin D can reduce the incidence of hip fractures by 35% and non-vertebral
fractures by 26% without the need to either measure vitamin D or target this therapy using DXA
scanning.'”

OPTIONS FOR THERAPY

.\ To reduce fracture risk at all sites elderly women who have suffered multiple vertebral
fractures or who have had osteoporosis confirmed by DXA scanning, should be considered
for treatment with either oral risedronate (5mg daily or 35 mg once weekly + calcium +
vitamin D) or oral alendronate (10 mg daily or 70 mg once weekly + calcium +
vitamin D).

It is clear that targeting bisphosphonate therapy (risedronate) to patients whose fracture risk is
defined on the basis of risk factors for falling, will not reduce fracture risk."'® Bisphosphonates
strengthen bone, they do not prevent falls.

M Falls risk reduction strategies should be employed to reduce fracture risk for elderly women
who have suffered any form of previous fracture.

.\ To reduce hip fracture risk, frail elderly women who are housebound should receive oral
calcium 1,000-1,200 mg daily + 800 IU vitamin D.

Itis not necessary to measure vitamin D levels before commencing treatment.

MEN WITH A DIAGNOSIS OF OSTEOPOROSIS DETERMINED BY AXIAL DXA
WITH OR WITHOUT PREVIOUS OSTEOPOROTIC FRACTURE

Although osteoporotic fractures are less common in men than women, men experience greater
fracture-associated morbidity and mortality.'?®'3" Men are also at increased risk of osteoporosis
from secondary causes.*>*?

In women there is a clear relationship between BMD and fracture risk. Further studies are required
to establish whether this is also true for men. It is therefore not certain whether women’s and
men’s bones will fracture at similar BMD levels. There is some evidence that men and women
may fracture at similar gender-specific T-scores of BMD,'*2 supporting the WHO criteria as being
applicable to men using the average young adult male BMD at peak bone mass as the reference
for comparison. There are few studies in males with osteoporosis and more studies are required
to establish the efficacy of antiresorptive therapies in achieving primary and secondary prevention
of osteoporotic fractures

There is one well conducted RCT'3? in men with low BMD and a history of one or more vertebral
fractures or one non-vertebral osteoporotic fracture. Alendronate (10 mg daily + 500 mg calcium
+ 400 U vitamin D) was shown to significantly increase lumbar spine and femoral neck BMD
and reduce morphometric vertebral fracture risk and height loss.

The evidence relating to calcium + vitamin D supplementation in men is inconsistent. The
efficacy of calcium + vitamin D in the absence of concurrent antiresorptive therapy in osteoporotic
men is not known.

The efficacy of Calcitriol in reducing vertebral fracture risk or changing hip or spinal BMD in
men has not been established.

The evidence base for the use of androgens is small and dominated by poor quality studies.
Testosterone in hypogonadal men may increase spinal BMD but there are no trial data relating to
fracture outcomes. There are no convincing data of efficacy in changing BMD in eugonadal men.
No studies have targeted testosterone on the basis of low BMD.
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6.6.1 OPTIONS FOR THERAPY

-\ To reduce fracture risk at all sites, men with low BMD and/or a history of one or more
vertebral fractures or one non-vertebral osteoporotic fracture should be treated with oral
alendronate (10mg + 500mg calcium + 400 IU vitamin D daily).

70mg weekly oral alendronate has been shown to result in equivalent BMD changes to oral
10mg once daily in women.'? It is not currently licensed for use in men. It is likely that both
formulations share the same efficacy with regard to fracture risk in men.

6.7 CORTICOIDSTEROID INDUCED OSTEOPOROSIS

The guideline development group decided not to proceed with a detailed literature review of
corticosteroid induced osteoporosis in view of the publication of an evidence based guideline
published by the UK Bone and Tooth Society in association with the National Osteoporosis
Society and the Royal College of Physicians of London in December 2002."** The clinical practice
algorithm from that guideline is reproduced in Annex 5.

6.8 COMBINATION OF TREATMENTS

In clinical trials bisphosphonates (alendronate, etidronate, or risedronate), raloxifene and calcitonin
have usually been assessed in conjunction with calcium +/- vitamin D. Doses of calcium have
varied from 500 to 1,000 mg and vitamin D from 6.25 to 20 pg (250 to 800 IU) per day. Where
calcium intake is suboptimal (see section 4.3.2), daily doses of up to 1000mg calcium carbonate
plus 20 pg (800 IU) vitamin D are appropriate for use in association with these drugs (in the
absence of conditions associated with hypercalcaemia).

Several clinical trials have reported that the addition of bisphosphonate to HRT '3>'%7 or of
bisphosphonate to raloxifene confers additional benefit regarding BMD compared with
monotherapy. Further studies are required to elucidate whether such combinations achieve greater
reductions in fracture incidence. Until data are available, combinations of HRT or raloxifene
with bisphosphonates are not recommended.

6.9 DURATION OF TREATMENT

After initiating therapy on the basis of assessment of fracture risk defined using fracture history,
usually together with axial DXA measurement in the context of the patient’s age, it is likely that
treatment would be required on a lifelong basis. Fracture efficacy data, however, exist only for
between 1-4 years, the duration of the doubleblinded randomised placebo-controlled trials.
Safety data do, however, e