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Abstract

Objective: To revise and expand the 1996 Osteoporosis Society of Canada clin-
ical practice guidelines for the management of osteoporosis, incorporating
recent advances in diagnosis, prevention and management of osteoporosis,
and to identify and assess the evidence supporting the recommendations.

Options: All aspects of osteoporosis care and its fracture complications — includ-
ing classification, diagnosis, management and methods for screening, as well as
prevention and reducing fracture risk — were reviewed, revised as required and
expressed as a set of recommendations.

Outcomes: Strategies for identifying and evaluating those at high risk; the use of
bone mineral density and biochemical markers in diagnosis and assessing re-
sponse to management; recommendations regarding nutrition and physical ac-
tivity; and the selection of pharmacologic therapy for the prevention and man-
agement of osteoporosis in men and women and for osteoporosis resulting from
glucocorticoid treatment.

Evidence: All recommendations were developed using a justifiable and repro-
ducible process involving an explicit method for the evaluation and citation of
supporting evidence.

Values: All recommendations were reviewed by members of the Scientific Ad-
visory Council of the Osteoporosis Society of Canada, an expert steering
committee and others, including family physicians, dietitians, therapists and
representatives of various medical specialties involved in osteoporosis care
(geriatric medicine, rheumatology, endocrinology, obstetrics and gynecol-
ogy, nephrology, radiology) as well as methodologists from across Canada.

Benefits, harm and costs: Earlier diagnosis and prevention of fractures should de-
crease the medical, social and economic burdens of this disease.

Recommendations: This document outlines detailed recommendations pertaining
to all aspects of osteoporosis. Strategies for identifying those at increased risk
(i.e., those with at least one major or 2 minor risk factors) and screening with
central dual-energy x-ray absorptiometry at age 65 years are recommended.
Bisphosphonates and raloxifene are first-line therapies in the prevention and
treatment of postmenopausal osteoporosis. Estrogen and progestin/proges-
terone is a first-line therapy in the prevention and a second-line therapy in the
treatment of postmenopausal osteoporosis. Nasal calcitonin is a second-line
therapy in the treatment of postmenopausal osteoporosis. Although not yet ap-
proved for use in Canada, hPTH(1-34) is expected to be a first-line treatment
for postmenopausal women with severe osteoporosis. Ipriflavone, vitamin K
and fluoride are not recommended. Bisphosphonates are the first-line therapy
for the prevention and treatment of osteoporosis in patients requiring prolonged
glucocorticoid therapy and for men with osteoporosis. Nasal or parenteral cal-
citonin is a first-line treatment for pain associated with acute vertebral fractures.
Impact-type exercise and age-appropriate calcium and vitamin D intake are
recommended for the prevention of osteoporosis.
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this field.

steoporosis is a major public health problem in

Canada (and worldwide) and its prevalence is in-

creasing. In Canada, approximately 1 in 4 women
and 1 in 8 men have osteoporosis.' Because some 25% of
the population will be over 65 years of age by 2041, the in-
cidence of osteoporosis is expected to rise steeply over the
next few decades.” The public health and clinical impor-
tance of osteoporosis lies in the fractures associated with
the disease. According to conservative estimates, a 50-year-
old Caucasian woman has a remaining lifetime risk of 40%
for hip, vertebra or wrist fractures.’

This morbidity burden has considerable medical, social
and financial implications. Many vertebral fractures are oc-
cult and asymptomatic; however, an increased mortality
rate is associated with them, as for hip fractures.** Mortal-
ity rate is 20% higher on average within 1 year of a hip
fracture.” Put another way, for women, the 1-in-6 lifetime
risk of hip fracture is greater than the 1-in-9 risk of devel-
oping breast cancer, and the death rate associated with hip
fracture is higher.*” Moreover, 50% of women who sustain
a hip fracture do not return to their previous functional
state and become dependent on others for daily activities.
About 20% require long-term care.’

The greatest direct expenditures associated with osteo-
porosis arise from treatment of fractures and their sequelae.
Although difficult to assess accurately, these costs are sub-
stantial. According to estimates, in 1993 the total acute
care cost for osteoporosis (admission to hospital, outpatient
care and drug therapy) was over Can$1.3 billion. Over the
past decade, these costs have increased and in the United
States have risen to Can$17-20 billion a year. These bur-
geoning costs may outstrip the resources designated to deal
with osteoporotic fractures (i.e., orthopedic surgeons, oper-
ating room time and space, rehabilitation programs, drug
budgets).

Although osteoporotic fractures are an important cause
of morbidity, disability and mortality, they are preventable.
With this in mind, the Scientific Advisory Council (SAC)
of the Osteoporosis Society of Canada (OSC) set itself the
task of updating and expanding the 1996 consensus state-
ments""" into evidence-based guidelines.

Methods
Process

In 1999, in consultation with its SAC, the OSC created a
Guidelines Steering Committee and identified the following areas
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Validation: All recommendations were graded according to the strength of the evi-
dence; where the evidence was insufficient and recommendations were based
on consensus opinion alone, this is indicated. These guidelines are viewed as a
work in progress and will be updated periodically in response to advances in

related to osteoporosis for review: risk factors, diagnosis, nutri-
tion, physical activity, drug therapies and alternative or comple-
mentary therapies. The task of the steering committee, which was
made up of members of the SAC, was to direct the organization of
the guidelines. Sixty-five stakeholders were recruited to partici-
pate in the process; they included additional members of the SAC,
family physicians, dietitians, therapists and representatives of the
various medical specialties involved in osteoporosis care (geriatric
medicine, rheumatology, endocrinology, obstetrics and gynecol-
ogy, nephrology and radiology), and methodologists from across
Canada. These stakeholders were divided into section commit-
tees, each comprising 4-9 members and a chair. Each section
committee was to review the literature and develop recommenda-
tions in one of the identified areas.

The section committees identified key questions within their
review area to be addressed in the guidelines. A decision was made
to focus on management of primary osteoporosis. However, al-
though no formal review of the literature was undertaken regard-
ing risk factors for, or management of, secondary osteoporosis,
the committees chose to review certain papers regarded as pivotal
in this area — in particular, trials evaluating glucocorticoid-in-
duced osteoporosis. In addition, the search for risk factors focused
on risk factors for fragility fracture, the most important clinical out-
come of osteoporosis. Therefore, no formal review of the litera-
ture was undertaken regarding risk factors for low bone mineral
density (BMD).

Under the direction of the steering committee, the section
committees carried out an extensive literature search for articles
relevant to each of the key questions. Searches for both review
and original articles were carried out in the following databases:
Medline, Embase, HealthStar, Cancerlit, Cinahl, Grateful Med,
Toxline, Psychinfo and the Cochrane Collaboration. All review
articles were scanned for additional original papers. Each database
was searched as far back as records existed and forward to May
2000. In addition, some singularly important and pivotal studies
published after our cut-off date were selected and addressed in
these guidelines. All abstracts retrieved were reviewed by the chair
and one other member of the appropriate section committee to
determine their applicability to each question. If an abstract or
title was deemed applicable, the full article was obtained, num-
bered and distributed to 2 or 3 committee members for review.

A total of 89,804 abstracts were retrieved; from these, 6941 full
articles were obtained for review. Two or 3 reviewers indepen-
dently reviewed each article using a standardized form. Each arti-
cle was assigned a level of evidence based on the question ad-
dressed and the design of the study (Table 1)."” If the reviewers
did not achieve consensus, the article was reviewed again. If there
was still no consensus, members of the steering committee were
asked to review the article and make a decision.

The principles used for developing these guidelines, assigning
levels of evidence to the relevant articles and making and grading
recommendations were drawn from the guidelines literature.”**



Once all key articles had been reviewed and assigned a level of
evidence, each section committee reviewed the data and devel-
oped recommendations. Recommendations were graded accord-
ing to the system used to grade recommendations for diabetes,"

Table 1: Criteria used to assign a level of evidence to
articles"”

Level Criteria
Studies of diagnosis
1 i. Independent interpretation of test results

ii. Independent interpretation of the diagnostic standard

iii. Selection of people suspected, but not known, to have
the disorder

iv. Reproducible description of the test and diagnostic

standard
v. At least 50 people with and 50 people without the
disorder

2 Meets 4 of the Level 1 criteria

3 Meets 3 of the Level 1 criteria

4 Meets 1 or 2 of the Level 1 criteria

Studies of treatment and intervention

1+ Systematic overview or meta-analysis of randomized
controlled trials

1 1 randomized controlled trial with adequate power

2+ Systematic overview or meta-analysis of Level 2
randomized controlled trials

2 Randomized controlled trial that does not meet Level 1
criteria

3 Non-randomized clinical trial or cohort study

Before-after study, cohort study with non-
contemporaneous controls, case—control study

5 Case series without controls
Case report or case series of < 10 patients

Studies of prognosis

1 i. Inception cohort of patients with the condition of
interest, but free of the outcome of interest

ii. Reproducible inclusion and exclusion criteria

iii. Follow-up of at least 80% of participants

iv. Statistical adjustment for confounders

v. Reproducible description of the outcome measures
2 Meets criterion i and 3 of the 4 other Level 1 criteria

Meets criterion i and 2 of the 4 other Level 1 criteria

Meets criterion i and 1 of the 4 other Level 1 criteria

Table 2: Grades of recommendation for clinical practice
guidelines”

Grade Criteria

A Need supportive level 1 or 1+ evidence plus consensus*
B Need supportive level 2 or 2+ evidence plus consensus*
C Need supportive level 3 evidence plus consensus

D Any lower level of evidence supported by consensus

*An appropriate level of evidence was necessary, but not sufficient to assign a grade in
recommendation; consensus was required in addition.
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which incorporates both level of evidence and expert consensus
(Table 2). Recommendations were assigned a grade of D when
they were based only on committee consensus in the absence of
clear supporting evidence or when evidence was weak. Before a fi-
nal grade was assigned, all recommendations were reviewed by
the steering committee, which included several methodologists
who were neither directly involved in the initial assessment of evi-
dence nor with the grading of the recommendations. If appropri-
ate, the assigned level of evidence or grade of recommendation
was modified on the basis of this final assessment.

Definitions

Osteoporosis was defined at a 1993 consensus conference as
“a systemic skeletal disease characterized by low bone mass and
micro-architectural deterioration of bone tissue with a resultant
increase in fragility and risk of fracture.”” Recently a United
States National Institutes of Health consensus conference modi-
fied this definition as follows: “a skeletal disorder characterized
by compromised bone strength predisposing a person to an in-
creased risk of fracture. Bone strength reflects the integration of
2 main features: bone density and bone quality.”*® Probably the
only clinically applicable index of bone quality at present is a pa-
tient’s history of a fragility fracture. In the absence of methods
of measuring bone quality, the diagnosis of osteoporosis tends to
be made on the basis of low bone density. (Note: The World
Health Organization (WHO)" defines fragility fracture as “a
fracture caused by injury that would be insufficient to fracture
normal bone: the result of reduced compressive and/or torsional
strength of bone.” Clinically, a fragility fracture may be defined
as one that occurs as a result of minimal trauma, such as a fall
from a standing height or less, or no identifiable trauma.)

In interpreting BMD results, the OSC decided to adopt the
widely used WHO™" study group’s definitions, which are based
on a comparison of a patient’s BMD with the mean for a normal
young adult population of the same sex and race. The patient is
assigned a “T’-score,” which is the number of standard deviations
above or below the mean BMD for normal young adults as
follows:

1. Normal BMD is defined as a T-score between +2.5 and 1.0,
inclusive (i.e., the patient’s BMD is between 2.5 standard de-
viations [SDs] above the young adult mean and one SD below
the young adult mean, inclusive).

2. Osteopenia (low BMD) is associated with a T-score between
-1.0 and 2.5, inclusive. Osteopenia is also a term used by ra-
diologists to indicate that the bones on a plain x-ray film ap-
pear to be of decreased mineral content.

3. Osteoporosis is defined as a T-score at or below -2.5.

The WHO study group added a 4th category “severe osteo-
porosis” to describe patients whose T-score is at or below 2.5
and who also have suffered a fragility fracture. The recommenda-
tions concerning risk factors in this document should make the
importance of fracture history in assessing a patient for osteo-
porosis very clear.

The term “efficacious” is used in reference to evidence from a
randomized controlled trial (RCT); the term “effective” refers to
evidence from a nonexperimental observational study. “Peri-
menopause” describes the several years of change before and dur-
ing the first year beyond final menstrual flow. “Menopause” refers
to one or more years following the final menstrual flow. There
has been a change from previous terminology about therapy with
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estrogen and progestin or progesterone for postmenopausal
women. Approximately 10 years ago, the OSC adopted the term
“ovarian hormone therapy” (OHT) to reflect its awareness that
the hormonal changes during the menopause transition and
menopause are entirely normal. Although the SAC maintains this
position, to aid in understanding by those who use these guide-
lines, it was decided to use the terms “estrogen and
progestin/progesterone therapy” and the abbreviation for hor-
mone replacement therapy, “HRT.”

Finally, a recommendation that a specific therapy be used as
“first-line” therapy for osteoporosis relies on Level 1 evidence for
prevention of fragility fracture (mainly vertebral fracture), but this
may be modified by other extenuating circumstances (e.g., unfa-
vorable risk-benefit profile). “Second-line” therapy is the term
used when adequate evidence exists for preventing loss of BMD,
but inadequate data are available regarding fracture prevention or
there are problems with the study or its interpretation.

Identifying those at high risk

The OSC recommends that all postmenopausal women
and men over 50 years of age be assessed for the presence
of risk factors for osteoporosis. The selected key risk fac-
tors should aid physicians in identifying those who require
further assessment and investigation to determine whether
medical intervention is needed to reduce their risk of osteo-
porotic (fragility) fracture. The main areas of concern are
wrist, humerus, ribs, vertebral body, pelvis and hip. When a
patient is identified as having a high risk for fracture, a dis-
cussion regarding treatment is recommended. Clinical
judgment and the patient’s preference, as well as evidence-
based clinical trial data, will determine if, when and what
treatment is initiated.

Selection of risk factors for clinical use

Many factors other than a low BMD have been sug-
gested as predictors of risk of future fracture. In elderly
women with no history of hip fracture, such variables as
bone density, calcium intake, maternal history and even hair
colour were related to the incidence of hip fracture during 4
years of follow-up.” Important predictive factors were bone
density in combination with age, fracture history, various
drug treatments, weight loss and physical fitness. A review
of 94 cohort studies and 76 case—control studies revealed
about 80 factors considered to be related to future fracture
risk.’ However, when classified according to their strength
of association with fracture, only 15% had relative risk ra-
tios greater than 2. Most were associations with primary dis-
orders such as hyperparathyroidism or with treatments such
as glucocorticoid therapy. The remaining important factors
included low body weight, physical inactivity and aging.

The presence of a key risk factor should alert the physi-
cian to the need for further assessment and possibly active
intervention, such as pharmacologic therapy, to prevent
fracture. BMD is the best quantifiable predictor of osteo-
porotic fracture, and low BMD and other major risk factors
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combine to further increase a person’s risk of fracture.
Therefore, BMD should be measured in a postmenopausal
woman or a man over the age of 50 with 1 of the other ma-
jor risk factors for fracture.

Risk factors for osteoporotic fracture should not be con-
sidered to be independent of one another; they are additive
and must be considered in the context of baseline age and
sex-related risk of fracture. For example, a 55 year old with
low BMD is at significantly less risk than a 75 year old with
the same low BMD. A person with low BMD and a prior
fragility fracture is at considerably more risk than another
person with the same low BMD and no fracture.

Osteoporotic fractures occur most commonly in men
and women over 65 years of age, and medical interventions
have only been demonstrated to be effective in preventing
fractures in populations with an average age over 65 years.
However, most currently approved therapies for osteoporo-
sis prevent or reverse bone loss when initiated at or soon af-
ter the age of 50 years. Therefore, it seems prudent to begin
the identification of people at high risk for osteoporosis in
their 50s, if they are willing to accept a treatment.

Four key risk factors for fracture

After reviewing the literature and considering the effect
of potential confounders, we identified 4 key factors as pre-
dictors of fracture related to osteoporosis: low BMD, prior
fragility fracture, age and family history of osteoporosis.
Other factors that are commonly cited — weight < 57 kg,
weight loss since age 25, high caffeine intake and low cal-
cium intake — were not found to be consistent indepen-
dent predictors of fracture risk, after taking into considera-
tion age and/or BMD.

Bone mineral density

The relation between BMD and fracture risk has been
calculated in a large number of studies. A meta-analysis by
Marshall and colleagues” of some of the earlier studies
probably still represents the best estimate. BMD is clearly
the most readily quantifiable predictor of fracture risk for
those who have not yet suffered a fragility fracture. For
each standard deviation of BMD below a baseline level (ei-
ther mean peak bone mass or mean for the reference popu-
lation of the person’s age and sex), the fracture risk approx-
imately doubles. This risk should always be viewed in the
context of the person’s age. A 25 year old with a low BMD
(e.g., a T-score of -2.5) has a very low 10-year risk of frac-
ture that is not appreciably greater than that of a 25 year
old with a high BMD. However, a person with the same
BMD at age 65 has a much higher 10-year risk of fracture.

What are the risk factors for low BMD? Or, for practical
purposes, who should be selected for BMID measurements?
"This is a question with major economic implications. What
criteria should be used to select people for BMD measure-
ments?



Risk factors for osteoporosis are summarized in Table 3.
A BMD measurement is recommended for those with at
least one major or 2 minor risk factors (Figure 1; Table 3).
Several attempts have been made to develop decision tools
to aid physicians in selecting patients for BMD testing?*
using a variety of combinations of risk factors, including
age, prior fractures, estrogen use, rheumatoid arthritis,
smoking, low body weight and family history of osteo-
porotic fracture.

None of these decision tools is without problems and,
if applied to the general population of postmenopausal
women over the age of 50, will result in a significant
number being selected for BMD measurement.” How-
ever, all of these decision tools seem to identify at least
90% of women over 65 years of age as candidates for
BMD measurement. The National Osteoporosis Foun-
dation guidelines® suggest it is also cost-effective to
measure bone density in all women over age 65, but this
recommendation was based on the assumption that
patients would receive low-cost estrogen—progesterone
therapy.

It is abundantly clear from epidemiology studies that age
is a major risk factor for fracture. Because low BMD is also
a major risk factor for fracture and BMD decreases with
age, there must also be an age at which it is worthwhile to
begin using BMD as a screening tool. The OSC has taken
the position that BMD testing is appropriate for targeted
case-finding among people under age 65 and for all women
age 65 and older because of the high risk of osteoporosis
and fracture after that age.

Prior fragility fracture

A prior fragility fracture places a person at increased risk
for another one.®”" The increased risk is 1.5- to 9.5-fold
depending on age at assessment, number of prior fractures
and the site of the incident fracture.””*%**

Vertebral fractures have been best studied in this re-
gard. The presence of a vertebral fracture increases the
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risk of a second vertebral fracture at least 4-fold.”** A
study of the placebo group in a recent major clinical
trial’” showed that 20% of those who experienced a verte-
bral fracture during the period of observation had a sec-
ond vertebral fracture within 1 year. Vertebral fractures
are also indicators of increased risk of fragility fractures
at other sites, such as the hip.”* In a clinical trial of rise-
dronate,* the combination of a vertebral fracture and low
bone density was associated with a doubling of the 3-year
risk of hip fracture (from 3% to 6%) in women over the
age of 70. Similarly, wrist fractures predict vertebral and
hip fractures.”” Patients with a hip fracture are at in-
creased risk of a second hip fracture. Pooling the results
from all studies (women and men) and for all fracture
sites, the risk of subsequent fracture among those with a
prior fracture at any site is 2.2 times that of people with-
out a prior fragility fracture (95% confidence interval
[CI] 1.9-2.6).°

Age

Age is clearly a major contributor to fracture risk.?*****
As summarized in a recent review by Kanis and others,"
the 10-year probability of experiencing a fracture of fore-
arm, humerus, spine or hip increases as much as 8-fold be-

tween ages 45 and 85 for women and 5-fold for men
(Table 4).

Family history of osteoporotic fracture

This factor has been best studied with respect to hip
fracture. The Study of Osteoporotic Fractures,” for exam-
ple, identified a maternal history of hip fracture as a key
risk factor for hip fracture in a population of elderly
women. A history of hip fracture in a maternal grand-
mother also carries an increased risk of hip fracture.”

Although most studies have focused on the index per-
son’s mother or other female family members, genetic in-
fluence on risk of osteoporosis is multifactorial, and one
should not ignore a history of osteo-

Table 3: Factors that identify people who should be assessed for osteoporosis

porotic fracture in first- or second-

Major risk factors Minor risk factors

degree male relatives. The emphasis
on the presence of osteoporotic frac-

e Age > 65 years * Rheumatoid arthritis
e Vertebral compression fracture
e Fragility fracture after age 40

e Family history of osteoporotic fracture
(especially maternal hip fracture) section)
¢ Smoker

e Excessive alcohol intake

e Systemic glucocorticoid therapy
of > 3 months duration

¢ Malabsorption syndrome

e Primary hyperparathyroidism e Weight < 57 kg
e Propensity to fall

¢ Osteopenia apparent on x-ray film
¢ Hypogonadism

e Early menopause (before age 45)

e Chronic heparin therapy

e Past history of clinical hyperthyroidism
e Chronic anticonvulsant therapy
e Low dietary calcium intake (see nutrition

o Excessive caffeine intake (see nutrition section)

* Weight loss > 10% of weight at age 25

tures in patients’ female relatives in
epidemiology studies probably re-
flects the belief that osteoporosis is
mostly a disease of women. It is now
clear that osteoporosis is common in
men; therefore, although the recom-
mendations focus on hip fractures in
a patient’s mother or grandmother,
other family members should be in-
cluded during assessment of genetic
contribution to osteoporosis risk.
Genetic influence on osteoporo-

sis and BMD is extremely impor-
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tant; it has been estimated that heredity accounts for we have chosen not to review the genetics of osteoporo-
50-80% of the variability in BMD.*” Genetic influences sis in this document, beyond emphasizing the impor-
on bone have been the subject of major scientific investi- tance of a family history of osteoporosis.

gations, and a number of genes have been associated Fewer studies have considered risk factors for osteo-
with osteoporosis. However, these discoveries have not porotic fractures in men, but, as in women, age, low BMD
yet resulted in a clinical application in the diagnosis and  and prior fragility fractures increase this risk. Although we
treatment of osteoporosis at the practitioner level; thus, do not list family history of fracture as a risk factor for men,

s N
| Height loss* |
Kyphosis i

L ; |
Spine radiography I

y

\._.__j

long-lcra_n History of low trauma
moderate- to high-dose » fracture confirmed by > Age
glucocorticoidst radiography

h 4

Measure BMD Clinical and risk factor
if available evaluation

| I

1 major or 2 minor
risk factors

Evaluate for treatment

}

Repeat BMD to evaluate
response to treatment Stop
(at 1-2 years) Re-assess at age 65

Measure BMD by central
DXAY

: , }

Osteoporosis*™® Osleopenia** Normal**

Consider
repeat BMD
testing at
2-3 years to
monitor
changing risk

Fig. 1: Who should be tested for osteoporosis? (Note: *4 cm historical height loss; 2 cm prospective height loss [Grade D].
tLow to moderate: 2.5-7.5 mg prednisone/day; moderate to high: > 7.5 mg prednisone/day. +See Fig. 2. § Central DXA = spine
and hip. **As defined by the World Health Organization.)
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it should not be ignored. We identified 3 studies,”* of dence for osteoporosis risk factors, but 2 of these** did not
osteoporotic fracture in men that provided Level 1 evi- focus on family history of fragility fracture.

Table 4: Average 10-year probability (%) of an osteoporotic fracture* Other major risk factors
by sex, age and BMD expressed as T-score (adapted from Kanis et
al.") Falls
Age; years Overall average T-score .
8y probabilityg Because fractures are frequently associated
with falls, a history of falls or factors that in-
! 0 - -2 Bezlosw crease the risk of falling should be included in
- an assessment of risk. Risk factors for falling
Men include those associated with general frailty,
50 3.3 1.8 2.7 4.2 6.3 9.2 such as reduced muscle strength (inability to
55 3.9 1.9 3.0 46 7.0 10.4 rise from a chair without assistance), impaired
60 4.9 25 36 54 7.9 11.6 balance and low body mass.”* Reduced visual
65 5.9 3.0 4.3 6.2 8.8 13.0 acuity also increases risk of falling.zo A
20 76 34 5 1 74 10.9 16.2 prospective study* of elderly, ambulatory
75 10.4 41 6.3 96 14.4 215 women identified 3 factors that were signifi-
80 131 53 77 11 158 23.2 cantly predictive of risk for subsequent hip
85 13.1 53 5 104 143 214 fracture and were independent of proximal fe-
Women mur BMD: a slower gait, difficulty in perform-
50 6.0 94 38 59 9.2 . ing i:l heel—tg)—toe walk a(r11d7r§duﬁed visual acu-
55 28 6 a1 o 107 168 ity. In a subsequent study” in the same group
of women, DXA, ultrasound, gait speed and
60 10.6 3.2 5.1 8.2 13.0 20.5 . Lo Lo
age were equally effective in identifying
65 14.3 4.0 6.3 10.0 15.6 249 . . . .
women at high risk of fracture. Combination
70 18.9 4.3 7.1 11.5 18.3 29.8 . . . Ce .
s 90 o o e 194 6 of the various predictors increased sensitivity,
50 26.5 4.6 7’7 12'7 20'5 34'4 but not to a level that would be useful for pop-
: : : : : : ulation screening. It should be noted that falls
8 27.0 4.5 74 120 191 331 cause fractures irrespective of whether a pa-
“Wrist, hip, proximal humerus, vertebra. tient has osteoporosis, but a person who has
Long-term Personal history of Non-traumatic vertebral Clinical risk factorst Low BMD by DXA
glucocorticoid fragility fracture . o N . Y
therapy* after age 40 compression deformities (1 major or 2 minor) (T-score at or below -2.5)
Start bisphosphonate AND
therapy Low BMD by DXA (T-score below -1.5)

Obtain BMD by DXA

Consider therapy <
for follow-up

Repeat BMD by DXA
after 1 or 2 years

Fig. 2: Who should undergo a fracture risk assessment and be treated for osteoporosis? (Note: *> 7.5 mg prednisone for more
than 3 months. 1See Table 3. fWe have arbitrarily chosen T-score below -1.5; non-traumatic vertebral compression deformities
[Grade A]'"7; personal history of fragility fracture after age 40 [Grade DJ; clinical risk factors [Grade D].)
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osteoporosis is at even greater risk of fracture if he or she
also has a propensity to fall.

Glucocorticoid use

Systemic glucocorticoid therapy lasting more than 2-3
months for any disorder is a major risk factor for bone loss
and fracture, particularly among postmenopausal women
and men over age 50.* Most reviews and guidelines focus
on a daily dose of prednisone of > 7.5 mg (or equivalent) as
the threshold for assessment and clinical intervention to
prevent or treat glucocorticoid-induced osteoprosis.* Two
major groups of high-risk patients can be identified.

e Patients whose physician is planning to prescribe
> 7.5 mg prednisone daily for more than 3 months or
has already done so should be assessed for initiation of a
bone-sparing therapy (see Figure 1).

* Patents who have received glucocorticoid therapy for
more than 3 months at a dose < 7.5 mg prednisone
daily should be assessed for risk of osteoporosis and
should at least have BMD measured, as doses slightly
higher than 2.5 mg/day over a prolonged period are as-
sociated with increased fracture risk.

A retrospective cohort study” of data derived from the
United Kingdom’s General Practice Research Database,
compared 244 235 patients receiving prednisone with
244 235 patients matched for age, sex and type of office
practice; doses between 2.5 mg/day and 7.5 mg/day were
associated with an increased risk of fracture. Regardless of
whether the prednisone or the disease for which the pred-
nisone was given caused the increased risk of fracture, the
lesson from this large case—control study is that patients re-
ceiving more than 2.5 mg of prednisone daily should be
viewed as being at increased risk and further assessment
should be carried out (at least BMD measurement).

Other conditions

A variety of clinical conditions are associated with bone
loss and secondary osteoporosis, and clinicians should con-
sider the individual patient’s risk for osteoporosis. Such
conditions that are likely to be encountered by a family
physician include hypogonadism, early menopause (before
age 45), chronic heparin therapy, malabsorption syn-
dromes, rheumatoid arthritis and a past history of clinical
hyperthyroidism. The risk factors listed in Table 3 should
be used to assess people with these conditions for risk of
developing osteoporosis or for the presence of osteoporo-
sis. The identification of these people is predicated on the
fact that a proven therapeutic intervention is available.

Summary statements

1. Four key factors — low bone mineral density (BMD),*
prior fragility fracture, 26303+ age?2s3441 and family his-
tory of osteoporosis*®*' — stand out as predictors of
fracture related to osteoporosis [Level 1].
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2. Low BMD should be considered a major risk factor,
but those who have suffered a vertebral fracture or
other osteoporotic fracture should be considered to
have osteoporosis even if their BMD is not in the range
associated with osteoporosis® [Level 1].

3. Glucocorticoid therapy is a major risk factor for osteo-
porosis and fracture if it is continued beyond
3 months* even if the dose is slightly higher than
2.5 mg of prednisone daily* [Level 2].

Recommendations

1. The major risk factors listed in Table 3 are most pre-
dictive of osteoporosis in postmenopausal women,
but where applicable, are also relevant to the assess-
ment of men over 50 years of age. These risk factors
have a cumulative effect such that, for example, if a
person has a low BMD in addition to a fragility frac-
ture or is over 65 and has a BMD in the range associ-
ated with osteoporosis, he or she should be consid-
ered to be at high risk for fracture and a candidate for
therapy [Grade A].

2. People receiving = 7.5 mg of prednisone daily for
more than 3 months should be assessed for initiation
of a bone-sparing therapy [Grade A].

3. People receiving more than 2.5 mg of prednisone
daily should be regarded as being at increased risk of
fragility fracture and require further assessment (at
least BMD measurement) [Grade B].

4. People with other conditions or medications known
to be associated with osteoporosis should be assessed
for other risk factors. Those with low bone density or
a prior fragility fracture are candidates for therapeutic
intervention [Grade D].

The diagnosis of osteoporosis

Historically, osteoporosis was diagnosed late in the
course of the disease when bone had become weakened to
the point of fracturing. By virtue of the WHO study group
definition of osteoporosis,"” diagnosis now depends on
measurement of BMD. The WHO classification is based
on risk of fracture, but the available evidence and, there-
fore, the classification was developed for use in post-
menopausal Caucasian women. We were careful not to
take a position on gender and racial matching. There is still
debate over the reference group to be used to derive T-
scores in men. The measured BMD is compared with the
mean BMD in young adults of the same sex and race.

Fracture recognition

Established osteoporosis may still be recognized on ra-
diographs of the spine. However, because some two-
thirds of spinal fractures are not diagnosed clinically, one
cannot rely on radiographs obtained to investigate back
pain. Although there is some debate over what constitutes



a vertebral fracture, deformity — the most widely used
criterion — is derived from measurements of the vertical
height of a vertebra at its anterior margin, centre (or mid-
position) and posterior margin on lateral spine radio-
graphs. If these measurements differ from each other or
from the same measurements in the supra- or sub-adja-
cent vertebrae by 20% or more, the vertebra is considered
to have a fracture deformity if congenital, developmental,
degenerative or other causes of such deformities are ex-
cluded.”” Level 1 evidence shows that the presence of one
such prevalent fracture implies a risk of further fracturing
that is equal to the risk associated with a BMD of one
standard deviation below the mean peak density. Better
recognition and measurement of vertebral deformities
presents a major opportunity for increased early recogni-
tion of osteoporosis.

Bone measurement

In general, there is a paucity of good prospective trials of
diagnostic technology for measuring bone, compared with
trials of interventions. Most reported investigations are ei-
ther cross-sectional studies (Level 2) or comparisons of 2 or
more technologies in populations that are usually predomi-
nantly Caucasian postmenopausal women. Data for men
and people of other races are few.

The techniques for measuring bone may be divided into
those that measure the central skeleton (spine, proximal fe-
mur, whole skeleton, etc.) and those that measure some
part of the peripheral skeleton. Measurement of the central
skeleton is most widely carried out using dual-energy x-ray
absorptiometry (DXA). There is Level 1 evidence that
DXA bone measurement (with consideration of age) is the
most effective way to estimate fracture risk in post-
menopausal Caucasian women.”*

Density measurement in the peripheral skeleton by
quantitative ultrasound (QUYS) is a widely reported tech-
nique. Large-scale, prospective, evidence-based studies™*
of the efficacy of calcaneal QUS measurements were car-
ried out in 2 groups of women, one aged > 65 and one aged
> 75 years. Meta-analysis of these studies” indicated a rela-
tive risk per standard deviation (RR/SD) of 1.6 (95% CI
1.4-1.8) for hip fracture, whereas direct hip measurement
yielded a stronger prediction: RR/SD of 2.4. Although pre-
diction of fracture risk at other sites (wrist and spine) on
the basis of calcaneal ultrasound was about the same as di-
rect measurement at these sites,” it seems that BMD of the
hip is preferred for predicting its fracture risk.

Before calcaneal ultrasonometry can be considered as a
replacement for central DXA, large prospective studies
must be undertaken to demonstrate that it is at least as
good as DXA for fracture prediction in perimenopausal and
postmenopausal women and that treatment based on cal-
caneal ultrasound results is at least as efficacious. Although
there is Level 1 evidence that QUS provides measurements
of bone density that can be used to estimate risk with
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power similar to DXA, all studies have been carried out in
elderly populations.***

There are at least 6 commercial quantitative ultrasound
devices designed to measure bone “quality” of the calca-
neus. Crossover studies have shown that there is good cor-
relation between the 6 different devices for both the speed
of sound (SOS) and broadband ultrasound attenuation
(BUA) parameters; the correlation coefficients were signifi-
cant at 0.73-0.93 for SOS and 0.71-0.92 for BUA. How-
ever, the results from the various ultrasound devices were
not interchangeable.” To compare the results from differ-
ent ultrasound devices, standardization equations must be
developed through crossover studies as was done to com-
pare Hologic, LUNAR and Norland central DXA mea-
surements.””’

Monitoring response to treatment of osteoporosis by ul-
trasonic measurements of the calcaneus as a surrogate for
direct measurement of the lumbar spine and femoral neck
or total hip has not proved useful. Correlations between
changes in BUA, SOS and mathematical combinations of
the 2, so-called “stiffness” and mineral changes in the cen-
tral regions were either not significant or were too small to
be clinically helpful.” This lack of association may be a
function of at least 2 factors. The precision error of cal-
caneal ultrasonometry may not be sufficiently low to dis-
close mineral changes in the calcaneus over relevant inter-
vals such as 1-3 years following treatment. For example,
with a stiffness precision error of 2.3%, a positive or nega-
tive change of 6.4% must be achieved for it to be consid-
ered significant at the 95% confidence level. Also, the cal-
caneus may respond differently to treatment than the
lumbar spine and femur. Other techniques for measuring
peripheral bone density — peripheral quantitative tomo-
graphy (pQCT), calcaneal and radial DXA, radiographic
absorptiometry, etc. — have been found to discriminate be-
tween those with and those without prevalent fractures in
postmenopausal Caucasian women. However, the studies
do not provide Level 1 evidence. In men of all races and in
non-Caucasian postmenopausal women, it is likely that the
same relation between QUS and fracture exists, but the
data are too few to make this statement with confidence.
Data suggest that combining bone measurement with other
means of risk estimation or combining permutations of
bone measurement methods can improve risk estimation,
but consensus on this approach has yet to emerge in the lit-
erature.

Most experience in estimating fracture risk has been
gained from axial (central) DXA measurements of BMD.
However, DXA equipment for spine and femur BMD mea-
surement is not readily accessible in remote areas or where
population densities are low. In such cases, less expensive,
portable alternatives such as ultrasound, radiogrammetry,
radiographic absorptiometry and single-photon absorptiom-
etry (SPA) are available, but the relation between reduced
BMD at an appendicular bone site and increased fracture
risk is less well known for these techniques.
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SPA measurements of radius BMD predict future
fragility fracture in both men and women.” When a large
population of older white women was followed after base-
line measurements of axial and appendicular BMD, BMD
at peripheral sites was found to be predictive of future frac-
ture risk.”™ The relative risk of future hip fracture per popu-
lation standard deviation reduction in BMD was the same
for the mid-radius (RR 1.7), the distal radius (RR 1.8) and
the spine (RR 1.7). In this same study, the relative risk was
found to be greater when measurements were made at the
calcaneus (RR 2.3) or the hip (RR 3.0). In another study,”
the odds ratio for risk of vertebral deformity was similar
when measured using metacarpal radiographic absorptiom-
etry, spine DXA, radius SPA, calcaneus DXA or calcaneus
ultrasound. Odds ratios were 1.4-1.9 per standard devia-
tion reduction after accounting for age, and all measure-
ments provided useful information regarding the probabil-
ity of vertebral deformity.

The propagation of ultrasound through bone depends
on bone mass, bone structure and bone material properties.
BUA is a measure of the variation in ultrasound attenuation
with the frequency of the incident sound wave. SOS in
bone can be measured by observing the time required for
ultrasound to travel a given distance. Prospective studies
have shown that, in older women, both BUA and SOS pre-
dict the occurrence of fracture with a strength similar to
that of DXA.#

Radiogrammetry is the geometric measurement of bone
dimensions on high-resolution radiographs. The recent in-
troduction of computer-controlled analysis of digital x-ray
images has improved the precision of radiogrammetry,
making it comparable to that obtained with DXA and sug-
gesting a possible diagnostic role for such measurements
where DXA is not available. Radiogrammetric results cor-
relate with both axial and appendicular DXA results.” Ra-
diogrammetry also yields similar cross-sectional informa-
tion about BMD and fracture risk to that obtained using
SPA and quantitated computed tomography.” No data are
available relating the results of computer-controlled radio-
grammetry to estimation of fracture risk.

BMD measured by radiographic absorptiometry of the
phalanges correlates with BMD of the distal forearm and
BMD of the lumbar spine and proximal femur.*

During treatment for osteoporosis, changes in axial and
appendicular BMD are not strongly related to changes in
fracture risk.”” Only a fraction of the decrease in fracture
risk produced by anti-resorptive therapy can be accounted
for by the small increase observed in BMD.

Precision and serial measurements

Evaluating changes in BMD over time can determine
the rate of bone loss (differentiating “fast losers” from
“slow losers”) and confirm a positive response to treatment.
However, the average rate of bone loss in postmenopausal
women is 0.5-2% per year and most treatments lead to an
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increase in BMD of 1-6% over 3 years. Given these rela-
tively small changes, only a very precise test will detect
short-term changes. A clear understanding of the interpre-
tation of serial measurements and the statistical principles
surrounding their interpretation is necessary to determine
whether a change is clinically meaningful and to avoid mis-
taking random fluctuations for real changes. In turn, this
understanding will help in determining the time interval
required between measurements to allow for accurate
assessment of response to treatment or progression of
disease.

Human factors (in both operator and patient) rather
than instrumentation are usually the major source of varia-
tion. A quality assurance program to monitor the perfor-
mance of both operator and equipment will ensure opti-
mum testing and appropriate procedures.***

Techniques have been described for comparing results
from different machines and vendors. Although DXA re-
sults from different devices are highly correlated, methods
are too inexact to apply to individual patients and are still
best suited for group comparisons, such as in clinical tri-
als.”*” Results from DXA scanners from the same vendor
and of identical design can show significant calibration dif-
ferences. Even after cross-calibration, the precision error
between different machines is greater than the error
obtained when a single machine is used.”” Thus, the same
device should be used for baseline and follow-up measure-
ments.

There is some debate over the method for expressing
changes in measurements and their interpretation. A
change can be reported as the absolute difference in bone
density measurements (g/cm’ for DXA) or as a relative
change (%), which is seen most frequently. Evidence indi-
cates that error in absolute measurements is as great (if not
greater) in the elderly and osteoporotic patients as in
young, normal patients and that the absolute difference be-
tween measurements expressed in g/cm? be used to deter-
mine significance rather than the difference in relative
changes expressed in percentage.”” Measurement precision
is affected by clinical setting, patient population, site of
measurement and device design. When young patients with
normal BMD are studied in a research setting, the short-
term variability in lumbar spine BMD measured by DXA is
about 1%. In an older population with a high prevalence of
disease and underlying osteoporosis, this number can be as
high as 1.7%." Long-term variability is greater (2-3%) and
that number is more important in clinical care. Variability
in the femoral neck is higher (up to 3.2%) than that of the
total hip region (up to 2.5%).” It is not sufficient to accept
vendor-supplied estimates of precision, as these are usually
derived under optimal conditions and typically underesti-
mate the error encountered in the clinical setting. Each
BMD laboratory should determine its own measurement
precision for each site commonly assessed in a typical clini-
cal population and use this as the basis for interpreting
change. Standardized methods for calculating precision are



well described” and should be familiar to the BMD labo-
ratory.

BMD and fracture risk in men

There are insufficient data on the relation between
BMD and fracture risk in men. A few prospective studies”
suggest that men fracture at a higher BMD than women;
others™” suggest that the BMD—fracture risk relationship
is similar for men and women. Data from prospective
large-scale trials are needed to understand the BMD-frac-
ture risk relationship in men. The risk of fracture depends
not only on BMD, but also on other factors such as the
likelihood of falls and bone size and geometry. Bone size is
greater in men than women even after adjusting for height
and weight.” The pattern of age-related bone loss is also
different in men. Endocortical thinning increases with age
in women, but not in men,” which also affects bone
strength. The relation between BMD and fracture risk may
also differ in men because bone size creates an artifact that
affects areal BMD (areal BMD is bone mineral content di-
vided by bone area and corresponds to what is measured by
current DXA machines), and DXA overestimates BMD in
men relative to women. As a result, areal BMD provided by
current DXA machines may be of advantage in evaluating
fracture risk in men as the larger bone may have a greater
biomechanical advantage compared with the smaller bone
size in women

As the lifetime risk of a fragility fracture after age 50 in
men is approximately 13%,” this risk is best estimated by
using a male-reference database. This is currently being
done across Canada. Based on male reference data, if BMD
is measured at hip, spine and radius by DXA and the lowest
measure used to make the evaluation using the criterion of
a T-score below —2.5, approximately 19% of the male pop-
ulation over the age of 50 years has been found to have
osteoporosis.”

There are even fewer data on the BMD—{racture risk re-
lationship in the non-Caucasian population. However, it is
becoming apparent that men are as prone to fracture as
women at a given BMD.** Asian Americans have been
found to have a lower BMD than Caucasians but also have
a lower hip fracture rate.” However, correcting for differ-
ences in skeletal size, their apparent BMD is actually higher
than white women, which is consistent with the observed
lower hip fracture rate. The appropriate cut-off points for
diagnosis have not yet been established due to insufficient
data.

Figures 1 and 2 outline who should be tested and
treated. Significant height loss, kyphosis, personal history
of fragility fracture after age 40, long-term use of glucocor-
ticoids, clinical risk factors and age 65 and older (see Table
3) should all be considered as potential triggers for order-
ing a BMD measurement, spinal radiography or both. A
non-traumatic vertebral height reduction of 20-25%
should be considered as a vertebral fracture.”
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The following laboratory tests are recommended in all
patients with osteoporosis to exclude secondary causes:
complete blood count, serum calcium, total alkaline phos-
phatase, serum creatinine and serum protein electrophore-
sis. These laboratory tests are discussed in further detail in
the OSC’s 1996 clinical practice guidelines for the diagno-
sis and management of osteoporosis." Clinical suspicion of
other secondary causes will determine the need for further
investigation.

Summary statements

4.Dual-energy x-ray absorptiometry (DXA) is the most
widely investigated tool for estimating fracture risk in
women and is the single best tool for assessing risk*®
[Level 1]. There are sufficient and consistent data to
support the use of central DXA in case finding.

5.Screening of all postmenopausal women or all men
over age 50 is not justified according to available data.
However, measuring bone density in men and women
after the age of 65, recognizing that after this age frac-
ture risk increases, is justifiable? [Level 3].

6. All bone density measurement techniques predict the
risk of all low-trauma fractures?>#415152 [ evel 1].

7.The best predictor of relative risk of fracture at the
proximal femur is measurement of bone density at that
site2> [Level 1].

8.Clinical evaluation combined with BMD assessment
out-performs any single method of risk-assessment;
age, BMD and prevalent fracture(s) are the best risk in-
dicators2021263039 [] evel 1].

9. The most accurate indicator of BMD is the actual mea-
surement of BMD. BMD is not well predicted by “os-
teopenia” on skeletal radiographs or by risk factors for
low BMD** [Level 1]. Although current decision tools
are useful in highlighting the risk factors for low BMD,
they are not meant to replace BMD measurement. The
decision to measure BMD should be based on age-re-
lated risk, the presence of other risk factors for fracture
and consultation with the patient [consensus]. BMD
should be measured only if it will affect management
decisions.

10.Because fractures of the spine and hip are the most
clinically important low-trauma fractures resulting
from osteoporosis and because DXA provides the best
measurements of bone at the spine and hip reflecting
fracture risk, DXA is the optimum technology at pre-
sent for use in risk assessment?2#45 [ evel 1].

11.DXA can be used to assess sites that are responsive to
therapy®® [Level T].

12.ustification for the clinical use of DXA assumes a clear
understanding of its application, the need for quality
assurance and careful determination of BMD with suf-
ficient precision to provide clear indications of the
least significant change®®7* [Level 4].

13. Calcaneal quantitative ultrasonometry (QUS) appears
to be effective in estimating risk of fracture in post-
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menopausal women over 65 years of age™**" [Level
1]. Evidence for the use of QUS in men and younger
women is limited. QUS data appear to be machine
specific to a greater degree than data from DXA ma-
chines. 21

14.Calcaneal QUS is not sufficiently precise for follow-up
at clinically relevant intervals® [Level 1].

15.Other bone measurements (radiogrammetry, radio-
graphic absorptiometry, quantitative ultrasonometry,
etc.) may have particular application in risk assessment
(but not follow-up) in situations where geography and
population size limit access to DXA. However, there is
no Level 1 evidence for their widespread use [con-
sensus].

16.Uncertainty about the definition of a vertebral frac-
ture and marked variation in observer performance in
this context contribute to much of the variation in
findings especially in cross-sectional studies** [con-
sensus].

17.Consistency in measuring, recognizing and reporting
vertebral fractures presents an opportunity in osteo-
porotic fracture-risk assessment [consensus].

18 Evidence for the use of bone measurement in men
and in non-Caucasian women is meager. Existing
data do not contradict the inferences already made
[consensus].

Recommendations

5.Targeted case-finding strategies for those at increased
risk (at least one major or 2 minor risk factors) are rec-
ommended, and BMD measurement with central
DXA at age 65 is recommended [Grade AJ.

6.Central (hip and spine) DXA remains the most accu-
rate tool for evaluating BMD in clinical settings. Ac-
cess to BMD measurement should not be limited by
decision tools based on clinical risk factors [Grade AJ.

7. Patients should be monitored using central (total hip
and spine) DXA in clinical settings 1-2 years after ini-
tiating therapy [Grade A].

8. Quantitative ultrasonometry may be considered for
diagnosis of osteoporosis, but not for follow-up at this
time [Grade C].

9. A height loss of > 2 cm in a year or historical height
loss of > 4 cm should be followed by thoracolumbar
spine radiography to determine the presence of verte-
bral fractures [Grade D].

Role of biochemical markers of bone turnover

Remodeling is a normal, natural process that maintains
skeletal strength, enables repair of microfractures and is es-
sential for calcium homeostasis. During the remodeling
process, osteoblasts synthesize a number of cytokines, pep-
tides and growth factors that are released into the circula-
tion. Their concentration thus reflects the rate of bone for-
mation. Bone formation markers include serum
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osteocalcin, bone-specific alkaline phosphatase and procol-
lagen I carboxyterminal propeptide (PICP).

Osteoclasts produce bone degradation products that are
also released into the circulation and are eventually cleared
via the kidney. These include collagen cross-linking pep-
tides and pyridinolines, which can be measured in the
blood or urine and enable estimation of bone resorption
rate. Bone resorption markers include urinary hydroxypro-
line, urinary pyridinoline (PYR), urinary deoxypyridinoline
(D-PYR) as well as collagen Type I cross-linked
N telopeptide (NTX) and collagen Type I cross-linked
C telopeptide (CTX).

Markers of bone formation and resorption are of value
in estimating bone turnover rates. These biochemical
markers may be used to identify fast bone losers.” Numer-
ous cross-sectional studies*™® have shown that bone
turnover rates as evaluated by markers increase at
menopause and remain elevated. Bone turnover rate in
postmenopausal women correlates negatively with BMD.”

Most of the prospective studies evaluating the relation-
ship between bone turnover and rates of bone loss have
been short-term and have been limited by the precision er-
ror of the densitometer.”” The utility of bone markers to
identify fast bone losers was prospectively evaluated in a
large cohort of healthy postmenopausal women over
4 years.” Higher levels of bone formation and resorption
markers were significantly associated with faster and possi-
bly greater BMD loss.

In population studies, it appears that markers of bone
resorption may be useful predictors of fracture risk and
bone loss. Elevated bone resorption markers may be associ-
ated with an increased fracture risk in elderly women”* al-
though the data are not uniform. The association of mark-
ers of bone resportion with hip fracture risk is independent
of BMD, but a low BMD combined with high bone resorp-
tion biomarker doubled the risk associated with either of
these factors alone.” However, the predictive value of bio-
markers in assessing individual patients has not yet been
confirmed.” Biomarker measurements are also currently
limited by their high variability within individuals.”

Biomarkers may be of value in predicting and monitor-
ing response to potent antiresorptive therapy in clinical
trials. Normalization of bone formation and resorption
markers following antiresorptive therapy has been prospec-
tively observed.”»”” Reduction in biochemical markers ap-
pears to be correlated with a decrease in vertebral fracture
incidence” in some studies, but is not necessarily always
predictive of response to therapies.

A weak inverse correlation between BMD and N'TX has
been observed in men." Other studies have shown resorp-
tive markers to be poorly correlated with BMD. Thus the
situation in men is less clear and more large-scale prospec-
tive trials are required.

Summary statements
19. Bone turnover markers appear to be of value in the as-



sessment of fracture risk in elderly postmenopausal
women in population studies® [Level 2]. Additional
studies with fracture endpoints are needed to confirm
the usefulness of these markers in individual patients.
Bone turnover markers may have a future role in the
clinical management of osteoporosis.

20.In population studies, the combination of low BMD
and high bone turnover markers may provide a supe-
rior indication of fracture risk to either BMD or bone
turnover markers alone® [Level 2].

Recommendations

10.Bone turnover markers should not yet be used for
routine clinical management. Additional studies are
needed to confirm their use in individual patients.
However, with refinement of assay technology and
better understanding of biological variability, we be-
lieve they will become a useful adjunct for risk assess-
ment and management [Grade B].

Prevention and treatment of osteoporosis
Pharmacologic interventions

Because osteoporosis is a multifactorial condition, its
prevention and management are complex. From prevention
to treatment of established disease, the goal is to intervene
as early as possible to ensure retention of bone mass and to
preserve structural integrity of the skeleton, thus prevent-
ing fragility fractures.

The results of large prospective RCT's, carried out over
the last 10 years, have helped guide our therapeutic op-
tions, which include non-pharmacologic approaches that
should be recommended for all patients. Currently avail-
able drug therapies are all anti-resorptive and focus on de-
creasing bone turnover. They have been shown to reduce
fracture risk for some, although not necessarily all, fragility
fractures. Newer therapies aimed at increased bone forma-
tion are being studied and are about to be released. It is dif-
ficult to assess the relative anti-fracture efficacy of the vari-
ous therapies, as they have not been compared directly in
trials.

Bisphosphonates

Several anti-resorptive agents have been used success-
fully in the treatment of postmenopausal osteoporosis.
However, recent trials of the bisphosphonates consistently
provide the best evidence of efficacy in preventing both
vertebral and non-vertebral fractures. Bisphosphonates are
stable analogues of naturally occurring pyrophosphate.
They contain 2 phosphonate groups attached to a single
carbon atom to give a P-C-P structure. This structure ren-
ders them chemically stable and is responsible for the
strong affinity of the bisphosphonates for bone."”

Bisphosphonates inhibit bone resorption through their
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effects on osteoclasts.'” They interfere with osteoclast re-
cruitment, differentiation and action as well as enhancing
osteoclast apoptosis.'” Bisphosphonates can be classified
into 2 groups based on their mode of action'”: those that
most closely resemble pyrophosphate (such as clodronate
and etidronate) can be incorporated into cytotoxic adenosine
triphosphate (ATP) analogues; the more potent nitrogen-
containing bisphosphonates (alendronate and risedronate)
induce apoptosis in osteoclasts by interfering with protein
prenylation through their effects on the mevalonate path-
way and, therefore, the intracellular trafficking of key regu-
latory proteins. These 2 mechanisms of action may help ex-
plain some of the pharmacologic differences between the 2
classes of bisphosphonates.

Currently the bisphosphonates approved for the treat-
ment of osteoporosis in Canada are etidronate, alendronate
and risedronate. Although all bisphosphonates, these drugs
vary considerably in potency, their ability to inhibit bone
resorption, toxicity and dosing regimens. Oral absorption
of bisphosphonates is poor, at only 1-5%, even when the
medication is taken on an empty stomach. The plasma half-
life is 1 hour with 40-80% clearance by the kidneys. The
remaining drug is taken up by the bone where it has a long
half-life. The most common side effect of bisphosphonates
is gastrointestinal upset, which is often dose-related.

Etidronate: Etidronate was the first bisphosphonate to
show a benefit in the treatment of osteoporosis.'”' It is
generally well tolerated; reports of gastrointestinal upset
are few, diarrhea being the most common complaint.
When administered continuously for long periods,
etidronate can cause impaired mineralization of bone with
results similar to osteomalacia. As a result, etidronate is
given in an intermittent fashion, typically 400 mg/day for
2 weeks every 3 months.

Two RCTs""'" examined the anti-fracture efficacy of
cyclical etidronate in postmenopausal women with preva-
lent vertebral fractures. In both, etidronate produced sig-
nificant increases in lumbar spine BMD with variable re-
ductions in vertebral fracture rates. These studies indicate
that etidronate has some effect in preventing new vertebral
fractures in postmenopausal women with severe osteoporo-
sis. There is no evidence of a beneficial effect of etidronate
on risk of hip or non-vertebral fracture.

Alendronate: Alendronate is a nitrogen-containing bis-
phosphonate, which is given continuously at a dose of
5 mg/day for the prevention of osteoporosis and 10 mg/day
for the treatment of established osteoporosis. Recently, a
weekly dose of alendronate (70 mg) was shown to have an
effect on BMD that was comparable to that of a 10-mg
daily dose regimen."* Alendronate is generally well toler-
ated, although rare cases of esophagitis have been
reported.'”

Alendronate has been studied extensively for the treat-
ment of osteoporosis.**!"*!12 In an initial 3-year study,
alendronate significantly reduced the incidence of new
fractures.® Its efficacy has since been examined in two large
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populations of postmenopausal women, one with and one
without pre-existing vertebral fractures."” In the group
with vertebral fractures, treatment with alendronate re-
duced the incidence of vertebral, hip and wrist fractures by
about 50% over 3 years; the risk of multiple vertebral frac-
tures was reduced by 90%. This was the first RCT to show
hip fracture benefits in calcium- and vitamin D-replete
osteoporotic women. In a post-hoc analysis,** a reduction
in the rate of clinical vertebral fractures was demonstrated
as early as 1 year into the study.

The anti-fracture efficacy of alendronate has also been
examined in postmenopausal women with no prior verte-
bral fractures.® Alendronate increased BMD at all mea-
sured sites and significantly reduced (36%) the clinical ver-
tebral fracture rate among women with initial T-scores
below —2.5. The Fosamax International Trial Study Group
(FOSIT)"" demonstrated a reduction in non-vertebral frac-
ture incidence within 1 year in postmenopausal women
with a T-score below -2.0. Alendronate prevents bone loss
in normal postmenopausal women but anti-fracture effi-
cacy in this context has not been demonstrated.

In summary, alendronate is beneficial in the prevention
of vertebral, hip and non-vertebral fractures in post-
menopausal women. It consistently increases bone mass at
all measured sites. Alendronate has been used in patients
who were also taking estrogen or raloxifene and had an ad-
ditive effect in increasing BMD; however an additional
anti-fracture benefit has not been demonstrated.'**

Risedronate: Risedronate is generally well tolerated,
with occasional reports of headache and diarrhea as side
effects. Many studies have demonstrated risedronate effi-
cacy, using both daily and once-weekly treatment regi-
mens.**¥5+1% Recently, 2 large, 3-year, multicentre
RCTs"4" evaluated the efficacy of risedronate in the treat-
ment of postmenopausal osteoporosis. After 3 years of
treatment at 5 mg/day, risedronate reduced the incidence
of vertebral fractures by 41-49% and non-vertebral frac-
tures by 39-33%. In a preplanned analysis, treatment with
risedronate at 5 mg/day was shown to reduce the incidence
of vertebral fractures within the first year of therapy by
61-65%. No significant differences in adverse events were
seen between the risedronate and placebo groups.

In a large RCT™ designed to determine the efficacy of
risedronate in the prevention of hip fractures, the drug was
shown to reduce hip fracture rates in those with low
femoral neck BMD by 40%. Among the latter women,
risedronate reduced hip fracture by 60% in those with
prior vertebral fracture. Risedronate did not significantly
reduce the risk of hip fracture among elderly women se-
lected primarily on the basis of risk factors other than low
BMD.

In conclusion, risedronate at 5 mg/day, given over
3 years, is well tolerated and reduces the incidence of both
vertebral and non-vertebral fractures in women with estab-
lished postmenopausal osteoporosis. Furthermore, these
studies were the first to show a significant reduction in the
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incidence of vertebral fractures (clinical and subclinical
fractures) within 1 year of therapy.

A comprehensive evaluation of the evidence to date for
the efficacy of these bisphosphonates is outlined in Hods-
man et al."”’

Combination therapy: Cyclic etidronate has been used
in combination with estrogen therapy in postmenopausal
women."* In a randomized study,'* at the end of 4 years,
combination therapy produced a greater increase in BMD
than either estrogen or etidronate alone; patients on estro-
gen or etidronate alone had lesser increases in spine and
hip BMD.

The combined effect of alendronate and estrogen in
postmenopausal women was studied in women who had
been receiving estrogen replacement therapy for at least
1 year.”* They were randomly assigned to receive either
10 mg/day of alendronate or placebo. After 12 months, the
patients taking alendronate in addition to estrogen showed
significantly greater increases in BMD of the lumbar spine
and trochanter; however, no conclusions about fracture
rate reduction could be drawn. The results of this trial were
supported by a 2-year trial of postmenopausal women who
were randomly chosen to be treated with placebo,
10 mg/day of alendronate, conjugated estrogen or both
treatments."”! Lumbar spine BMD in the placebo group re-
mained stable over the 2 years. The alendronate and conju-
gated estrogen groups had similar gains in BMD, whereas
the group given both treatments had a significantly greater
gain than either of the single-treatment groups. These re-
sults suggest that, in those initiating therapy, the combina-
tion of alendronate and estrogen is more effective than
either treatment alone. Although increases in BMD have
been demonstrated with combination therapies, no direct
evidence of fracture rate reduction has been shown.

Bisphosphonate treatment in men: There is no RCT
evidence of benefit from treatment with etidronate. Alen-
dronate has been studied in the treatment of osteoporosis
in men and has been shown to increase BMD signifi-
cantly,'? while reducing vertebral fractures. One large
study of risedronate in men on glucocorticoid therapy
demonstrated a significant decrease in vertebral fractures
after 1 year.'”

Bisphosphonates and glucocorticoid-induced osteoporo-
sis: Studies of glucocorticoid-induced osteoporosis are di-
rected at 2 groups: those starting preventive therapy at the
time of glucocorticoid initiation and those on chronic long-
term glucocorticoid therapy who require treatment for os-
teoporosis. There is ample evidence that etidronate therapy
maintains BMD in patients taking glucocorticoids.'**
Etidronate on initiation of glucocorticoid therapy has re-
sulted in a slight increase in lumbar spine BMD, compared
with bone loss with placebo.' ™! 1#11 One study™ sug-
gested that etidronate might be of benefit in preventing
vertebral fractures. Two-year RCTs"'¥ of etidronate in
patients on long-term glucocorticoids demonstrated in-
creases in BMD. These results suggest that etidronate is



beneficial in the prevention and treatment of glucocorti-
coid-induced bone loss and may reduce the risk of fractures
in glucocorticoid-treated postmenopausal women.
Alendronate has been studied in glucocorticoid-treated
patients"” " and in those with Cushing’s syndrome.'® Sta-
tistically significant benefit has been shown in the spine,
trochanter and femoral neck at doses of 5 and 10 mg/day.
Alendronate benefitted all groups, including men, pre-
menopausal and postmenopausal women; in post-
menopausal women who were on HR'T, alendronate ther-
apy provided added benefit.”* Alendronate was effective
in both the prevention and treatment of glucocorticoid-
induced osteoporosis and reduced vertebral fracture risk."”
Risedronate has been studied in both the prevention and
treatment of glucocorticoid-induced osteoporosis,'”'* and
significant differences in lumbar spine and hip BMD have
been observed compared with placebo. Analysis of pooled
data from these studies revealed a significant reduction in
the incidence of vertebral fractures among those taking
5 mg of risedronate daily.'®
The newer nitrogen-containing bisphosphonates —
alendronate and risedronate — should be considered first-
line therapy for postmenopausal women with established
osteoporosis who are at high risk for fracture. There is good
evidence that they prevent both vertebral and non-vertebral
fractures, including hip fractures. Bisphosphonates are the
only therapy shown to be efficacious in reducing vertebral
fracture in glucocorticoid-induced osteoporosis.
Bisphosphonates, particularly the more potent alen-
dronate and risedronate, are effective in reducing risk of
fracture in high-risk patients, with benefits seen as early as
the first year of therapy.

Summary statements
21.In postmenopausal women with osteoporosis,

a. alendronate®7118127.13 gnd risedronate’®'**'¥” are
efficacious in preventing vertebral and non-verte-
bral fractures [Level 1]

b. alendronate'” and risedronate®® prevent hip frac-
tures in postmenopausal women with severe
osteoporosis [Level 1]

C. alendronateamae,l14,117420,122,123,125,127,123,|307133 and rise-
dronate®®*13¢13 increase BMD at spine and hip
[Level 1]

d. etidronate is efficacious in preventing vertebral
fractures'' [Level 2]

e. etidronate increases BMD at the spine and main-
tains BMD at the femoral neck" ' [Level 1].

22.In early postmenopausal women at risk of developing
osteoporosis, alendronate,’'* risedronate’* and
etidronate'®'”-' are efficacious in increasing or main-

taining BMD at the spine and femoral neck [Level 1].

23.1n men with osteoporosis,

a. alendronate is efficacious in preventing vertebral
fractures'? [Level 1]

b. alendronate'? [Level 1] and etidronate' [Level 3]
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increase BMD at the spine; alendronate' in-
creases femoral neck BMD [Level 1] and
etidronate'™ maintains it [Level 3].

24.For glucocorticoid-induced osteoporosis,

a. in postmenopausal women, alendronate,
etidronate and risedronate are efficacious in pre-
venting vertebral fractures'* 1501516116 [] evel 1]

b. in men, risedronate'® is efficacious in preventing
vertebral fractures [Level 2]

c. alendronate,”® ' etidronate'*'"® and rise-
dronate'"®* increase BMD at the spine and main-
tain or increase BMD at the hip [Level 1].

Recommendations

11.Bisphosphonates are a first-line preventive therapy in
postmenopausal women with low bone density: alen-
dronate [Grade A]; etidronate [Grade A]; risedronate
[approved in Canada for prevention, but data thus far
only published in abstract form].

12.Bisphosphonates are a first-line treatment for post-
menopausal women with osteoporosis, especially
those with pre-existing vertebral fractures: alendronate
[Grade A]; risedronate [Grade A]; etidronate
[Grade BJ.

13. Bisphosphonates are the first-line therapy for the pre-
vention of glucocorticoid-induced osteoporosis: alen-
dronate [Grade AJ; risedronate [Grade A]; etidronate
[Grade A].

14. Bisphosphonates are the first-line therapy for the treat-
ment of glucocorticoid-induced osteoporosis in pa-
tients requiring prolonged glucocorticoid therapy: al-
endronate [Grade A]; risedronate [Grade AJ;
etidronate [Grade B].

15. Bisphosphonates are the first-line treatment for men
with low bone mass or osteoporosis: alendronate
[Grade A]; etidronate [Grade B].

16.In premenopausal women with osteopenia or osteo-
porosis, the use of bisphosphonates has not been ex-
amined and is not yet recommended in the absence
of an identified secondary cause of osteoporosis.
However, in certain circumstances, they may be con-
sidered. In the absence of evidence of safety of these
drugs in pregnancy, contraception would be prudent
and treatment should be stopped in the event of preg-
nancy [Grade D].

Calcitonin

Calcitonin is a naturally occurring peptide hormone. Al-
though its precise physiologic role in adult health is not
well understood, at pharmacologic dose levels calcitonin in-
hibits osteoclast activity and, thus, acts as an anti-resorptive
agent.

Because it is a polypeptide, calcitonin cannot be taken by
mouth and was initially given by injection.'*'* This route
of administration was associated with a high rate of side
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effects, which limited its use as a long-term osteoporosis
treatment. A nasal spray vehicle that allows calcitonin to
pass through the nasal mucosa was found to cause fewer
side effects.'”

Because fish forms of calcitonin are more potent in hu-
mans than the human form, recombinant salmon calcitonin
has become the standard chemical form of the drug.'**’

Calcitonin treatment of postmenopausal women with
osteoporosis: We found 25 reports of RCTs of calcitonin in
postmenopausal women with osteoporosis."*"'***! Most
used salmon calcitonin delivered by nasal spray. Results
based on surrogate endpoint parameters of bone biochemi-
cal markers or bone densitometry were generally consistent
across studies: calcitonin treatment produced modest, but
reproducible, reductions in bone resorption (5-20%
greater than placebo) and increases in BMD (1-8% greater
than placebo) over 1-5 years.

Only one study — Prevent Recurrence of Osteoporotic
Fractures (PROOF) Study'® — had sufficient power and
was designed to detect a change in fracture rates. In that in-
vestigation, a daily dose of 200 IU of nasal salmon calci-
tonin significantly reduced vertebral fractures by 33-36%.
Although this study was a prospective RCT, its results are
classified as Level 2 evidence because of concerns about the
absence of a dose response (no significant fracture reduc-
tion with the daily dose of 400 IU) and a high drop-out
rate. The study was not powered to detect a reduction in
non-vertebral fractures.

Several other studies,"*"*'” produced data showing re-
duced vertebral fracture rates in calcitonin-treated groups,
but either the nature of the studies or the data analysis did
not meet the criteria for a Level 1 RCT.

Calcitonin in the prevention of postmenopausal osteo-
porosis: Most calcitonin studies do not provide sufficient
information to determine how the study population would
fall into current diagnostic categories. As no studies were
found that definitively addressed osteoporosis prevention in
postmenopausal women, calcitonin cannot be recom-
mended for use in this setting.

Calcitonin use in premenopausal women: One RCT™
investigated calcitonin efficacy in premenopausal women.
No benefit was found, but the dose of nasal salmon calci-
tonin was less than the accepted effective dose. Thus al-
though evidence is absent, calcitonin may be considered a
treatiment option in premenopausal women because of its
safety profile and the lack of therapeutic alternatives for
this group.

Calcitonin and glucocorticoid-induced osteoporosis:
Calcitonin has been studied for both prevention and treat-
ment of glucocorticoid-induced osteoporosis. Four reports
used nasal salmon calcitonin; 3 others investigated in-
jectable calcitonin.”* In prevention studies, calcitonin
reduced bone loss caused by glucocorticoids but did not
lead to a net gain in BMD."*"*® In osteoporotic patients
or those on long-term glucocorticoids, calcitonin pro-
duced a net gain in BMD."*"” No data on fractures are
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available for either group. Therefore, although injectable
or nasal calcitonin may be used in the prevention or treat-
ment of glucocorticoid-induced osteoporosis, it is not a
drug of first choice, as fracture-outcome data are available
for other drugs.

Calcitonin in vertebral fracture pain: Four RCT's"2"
have shown that calcitonin reduces the pain associated with
acute vertebral fractures. Both injectable (2 studies) and
nasal salmon calcitonin (2 studies) have been investigated.
Patients were studied 3—-14 days following fracture. Within
3 days, pain was significantly less in the calcitonin-treated
group than in the placebo group; in 7-10 days, these pa-
tients showed marked improvement; and benefit was main-
tained for 28 days (the limits of the longest study). The
daily dose of injected calcitonin was 100 IU, whereas
200 IU/day was given in the nasal delivery studies. A head-
to-head comparison has shown the equivalence of these
doses.” There are no substantial data on pain relief in
other types of fractures or in chronic vertebral fractures.

Side effects: The only absolute contraindication to the
use of nasal or injectable salmon calcitonin is known hyper-
sensitivity to calcitonin or the drug vehicle.""" In animal
tests, calcitonin caused lower birthweight when given dur-
ing pregnancy and reduced milk production when given
during lactation.'""¥ In the absence of human data, calci-
tonin should be avoided in pregnancy and breastfeeding.

Anaphylaxis and other severe allergic reactions have
been reported, but they are rare for both formulations.
Skin testing using a diluted sample can be performed be-
fore administering the full dosage, although this is not stan-
dard clinical practice for the nasal formulation.'#-¢

Up to 30% of nasal salmon calcitonin users will experi-
ence nasal irritation over a 5-year period. Minor nosebleeds
(< 15%), assorted nose symptoms (< 15%) and nasal ulcera-
tion (< 5%) also occur.'” Most of these side effects are mild
or moderate and do not lead to drug discontinuation. Seri-
ous side effects are rare (< 1%).'

Adverse effects are more frequent with injectable calci-
tonin than nasal. The most common are nausea or vomit-
ing (< 40%), flushing (< 35%) and skin rash at the injection
site (< 10%).'%' Although not serious, these manifesta-
tions can lead to discontinuation. Serious side effects are
rare (< 1%). 1166

Antibodies to calcitonin develop in people treated with
either formulation in a dose-related manner. However,
they do not appear to influence drug efficacy or to be re-
lated to side effects and do not need to be monitored.'**

Summary statements

25.Nasal calcitonin is efficacious in preventing vertebral
fractures in postmenopausal women with severe osteo-
porosis'® [Level 2]. BMD at the hip and the spine is
maintained or minimally increased!'" " es 170191
[Level 1]. Nasal calcitonin has not been shown to be
efficacious in preventing non-vertebral fractures'®
[Level 2].



26.In those recently started on glucocorticoid therapy,
calcitonin slows bone loss at all sites and prevents loss
at some sites'1941% [| evel 2].

27.In those with established glucocorticoid-induced
osteoporosis, calcitonin maintains or increases
BMD"219517 [] evel 2].

28. Calcitonin is efficacious in reducing the pain associ-
ated with acute vertebral fractures'®2 [Level 1].

Recommendations

17.Nasal calcitonin is a second-line treatment for post-
menopausal women with osteoporosis [Grade B].

18.Due to its safety profile, nasal calcitonin can be con-
sidered for use in nonpregnant premenopausal
women with osteoporosis [Grade D].

19. Nasal calcitonin can be considered for use in men
with osteoporosis [Grade D].

20.Nasal or parenteral calcitonin is a first-line treatment
for pain associated with acute vertebral fractures
[Grade A].

Hormone replacement therapy for postmenopausal
women

Hormone replacement therapy (HRT) and ovarian hor-
mone therapy (OHT) are terms that the OSC has used
synonymously. Postmenopausal women are not hormonally
deficient, as low estrogen and progesterone levels are the
norm; therefore “replacement” is not an appropriate term.
However, to conform with current international usage, the
OSC adopted “HR'T” as the acronym for combined estro-
gen and progestin/progesterone therapy.

One of the most common uses for HRT (or estrogen or
progesterone alone) is to treat hot flushes and night sweats
(vasomotor symptoms) occurring as a result of reduced lev-
els of estrogen and progesterone. All doses, delivery meth-
ods and kinds of HRT are efficacious in reducing vasomo-
tor symptoms.”

The accelerated phase of bone loss that begins with ir-
regular flow in perimenopause’ continues for 4-5 years
and sometimes up to 10 years after menopause.” HRT in
postmenopausal women is efficacious in halting this bone
loss and increasing BMD at all measured sites.

The average age for menopause (defined by 1 year with-
out flow) is about 51 years. Women who experience an
early (before age 40) or relatively early (before age 45)
menopause are at increased risk for osteoporosis.”” For this
reason, HRT is important in women whose menopause oc-
curs before age 45.

Although HRT has been used for over 60 years to treat
osteoporosis and, until recently, has been the primary treat-
ment, the clinical trial evidence for its efficacy has been sub-
optimal. The first bisphosphonate trials were published in
the 1990s; however, undil the last decade, the designs of os-
teoporosis therapy trials have been cohort, case—control or
epidemiology studies in postmenopausal women who asked
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for or whose physicians prescribed HRT. Women who re-
ported taking HR'T were also those who were adherent to
therapy. We now know that studies with such designs are
predisposed to healthy-cohort and compliance biases that
make therapy appear more effective than it actually is.”*®

Until recently, only a single, small, 1-year randomized
double-blind placebo-controlled trial®” of transdermal es-
trogen has shown vertebral fracture prevention, although
there are some methodologic problems with this study.
There have been no RCTs designed to show hip fracture
prevention. An ongoing, large prospective randomized
double-blind placebo-controlled therapy trial (Women’s
Health Initiative)*" in the United States was terminated
early because of an unfavourable risk-benefit ratio with
estrogen—progesterone combination therapy (Premarin and
Provera); there was a significant increase in relative risk for
coronary artery disease (hazard ratio [HR] 1.29; 95%
nominal CI 1.02-1.63), invasive breast cancer (HR 1.26;
CI 1.00-1.59), stroke (HR 1.41; CI 1.07-1.85) and ve-
nous thromboembolism (HR 2.11; CI 1.58-2.82) al-
though the absolute risk, while still significant, was small.
On the positive side, it was finally demonstrated that a
continuous estrogen—progesterone regimen significantly
decreases the risk of fractures at all sites including the hip
(HR 0.66; CI 0.45-0.98) and significantly decreases col-
orectal cancer (HR 0.63; CI 0.43-0.92). Only the combined
estrogen—progesterone arm of the study has been discon-
tinued. The estrogen-only arm® is still being followed and
will yield additional information.

Important risks with estrogen and progestin/proges-
terone therapy include venous thromboembolism***'" and
cancers of the breast and endometrium.””?" In current
users this therapy, if taken for more than 5 years following
menopause, increases the risk for breast cancer. Irregular
vaginal bleeding as well as the risk of endometrial cancer is
increased with the use of estrogen without progestin/prog-
esterone or with insufficient doses of progestin/proges-
terone. Absolute risk of pulmonary embolism per 10,000
person-years attributable to HRT increased by 8 events
and risk of all venous thromboembolic disease increased by
18 events.”"

Summary statements

29.In postmenopausal women with osteoporosis, HRT is
efficacious in preventing clinical vertebral frac-
tures®?'® and in preventing non-vertebral fractures, in-
cluding hip fractures®™ [Level 1].

30.In postmenopausal women, HRT is efficacious in in-
creasing BMD at all sites®®'722 [Level 1].

31.In current users, HRT taken for more than 5 years after
menopause increases the risk of invasive breast cancer
by 26%, the risk of coronary heart disease by 29% and
the risk of stroke by 41%?" [Level 1].

32.The use of estrogen without progestin/progesterone in-
creases irregular vaginal bleeding and the risk of en-
dometrial cancer?*2'22¢ [[ evel 1].
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33.HRT increases the risk of venous thromboembolism
from 16 with placebo to 34 with HRT per 10,000 per-
son-years over 5 years*' [Level 1].

34.HRT is efficacious in the treatment of vasomotor symp-
toms2 [Level 1].

Recommendations

21.HRT is a first-line preventive therapy in post-
menopausal women with low bone density. How-
ever, when used only for the prevention of post-
menopausal osteoporosis, the risks of HRT may
outweigh the benefits [Grade A].

22.HRT is a first-line preventive therapy for women who
experience menopause before age 45 [Grade D].

23.HRT is a second-line treatment for postmenopausal
women with osteoporosis [Grade B]. With prolonged
use of HRT taken only for the treatment of post-
menopausal osteoporosis, the substantial risks of car-
diovascular disease, stroke and invasive breast cancer
may lead to an unfavorable risk-benefit ratio.

Selective estrogen-receptor modulators

Selective estrogen-receptor modulators (SERMs) are
nonhormonal agents that bind to estrogen receptors with
an affinity equivalent to that of estradiol, but they have es-
trogen agonist effects in some tissues and antagonist effects
in others. The structure of any ligand is an important factor
in determining the conformational changes that occur in
the estrogen receptor when the ligand binds to it. Each lig-
and seems to produce a different final shape in the estrogen
receptor and this shape determines interactions with pro-
tein cofactors and DNA response elements that ultimately
translate into tissue-specific estrogen agonist or antagonist
effects.””!

Raloxifene is the only SERM that has been approved
for the prevention and treatment of osteoporosis. It is
taken as a single tablet (60 mg/day) without regard to
meals, calcium and vitamin D supplements or time of day.
Raloxifene has estrogen-agonistic effects on bone and lipid
metabolism and estrogen antagonistic effects in the breast
and uterus.

Skeletal effects: A large RCT, the Multiple Outcomes
of Raloxifene Evaluation (MORE),* examined the anti-
fracture efficacy of raloxifene in late postmenopausal
women with osteoporosis (T-score below —2.5 at lumbar
spine or femoral neck). Raloxifene significantly reduced
the incidence of new vertebral fracture in those with (30%
reduction) and without (50% reduction) prior vertebral
fracture. Furthermore, raloxifene significantly reduced the
incidence of 2 or more new vertebral fractures in both
groups. However, the risk of non-vertebral fracture was
not significantly reduced. Compared with placebo, ralox-
ifene significantly increased BMD at the lumbar spine and
femoral neck and significantly reduced the bone turnover
markers.
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In a post-hoc analysis’? involving a small proportion
of the study population, raloxifene was found to decrease
the risk of new clinical vertebral fractures at 1 year by
68% compared with placebo. Moreover data from the
4th year of the MORE trial suggest a sustained vertebral
anti-fracture efficacy.””

Extra-skeletal effects: Compared with placebo, ralox-
ifene treatment for 2 years resulted in significant reductions
in total and low-density lipoprotein (LDL) cholesterol.?**
There were no significant differences in high-density
lipoprotein (HDL) cholesterol and triglyceride levels.
Four-year results from the MORE trial showed similar ef-
fects on lipids.”* Raloxifene therapy for 4 years did not sig-
nificantly affect the overall risk of cardiovascular events in
the total population, but did significantly reduce the risk of
such events among women at high risk and among those
with established cardiovascular disease. In contrast to
HRT, there was no evidence that raloxifene caused an
early increase in risk of cardiovascular events although
there were too few events during the first year to draw de-
finitive conclusions. Adequately powered randomized
prospective trials with cardiovascular events as predefined
outcomes are needed before raloxifene is used for the pre-
vention of such events.

Raloxifene significantly reduced (84%) the incidence of
estrogen-receptor-positive invasive breast cancer after
4 years in postmenopausal women with osteoporosis who
were at low risk of breast cancer.”” Additional observation
confirms this protective effect and indicates that 93
women would need to be treated with raloxifene for
4 years to prevent one case of invasive breast cancer.”””
Again, a prospective RCT in women at high risk of breast
cancer is needed before raloxifene is used for the preven-
tion of breast cancer. The compound has not been studied
in women with a history of breast cancer, nor in menstru-
ating women.

Side effects: Raloxifene appears to be generally safe
and well tolerated. Although patients taking raloxifene
experienced an increase in hot flashes and leg cramps
compared with placebo,”**”’ these symptoms were usually
mild to moderate and did not cause women to discon-
tinue the drug. There was no association between leg
cramps and the risk of venous thromboembolism. In con-
trast to estrogen and tamoxifen, raloxifene did not cause
more vaginal bleeding or endometrial cancer than
placebo.?#2!

Venous thromboembolism is a serious side effect associ-
ated with raloxifene, although it is reported infrequently:
1.44 and 3.32 events per 1000 person-years for placebo and
raloxifene at 60 mg/day, respectively.”” The magnitude of
the relative risk is similar to that observed with both
HRT*?" and tamoxifen.”? Raloxifene is contraindicated in
patients with past history of venous thromboembolism. It
would be prudent to stop this medication 3 days before any
prolonged immobilization.

Raloxifene is a first-line therapy in postmenopausal



women for the prevention and treatment of osteoporosis. If
additional studies confirm the positive extraskeletal effects,
raloxifene could improve the overall benefits of a therapeu-
tic intervention in postmenopausal women with low short-
term risk of fracture.

Summary statements

35. Raloxifene is efficacious in preventing vertebral frac-
tures in postmenopausal women with osteoporosis®?*
[Level 1]. It increases BMD at the spine and femoral
neck®>** [Level 1]. Raloxifene has not yet been shown
to be efficacious in preventing non-vertebral fractures®
[Level 2].

36.In postmenopausal women with osteoporosis, ralox-
ifene decreases the incidence of estrogen-receptor-
positive invasive breast cancer**?* [Level 1]. How-
ever, it is not yet recommended for the prevention or
treatment of breast cancer.

37.Raloxifene does not increase the risk of endometrial
hyperplasia or endometrial cancer?s#°! [Level 1].

38.Raloxifene increases the risk of venous thromboem-
bolism from 1.44 to 3.32 events per 1000 person-
years* [Level 1].

39.Raloxifene has no beneficial effect on vasomotor
symptoms and may increase their incidence?®?*
[Level 1].

Recommendations

24.Raloxifene is a first-line therapy in the prevention of
further bone loss in postmenopausal women with low
bone density [Grade A].

25.Raloxifene is a first-line treatment for postmenopausal
women with osteoporosis [Grade A].

Alternative or adjunct therapies

Alternative therapies are those that are not currently an
integral part of conventional medicine.” At this time, vita-
min K and ipriflavone are the only alternative therapies for
which there are sufficient data on BMD and fracture out-
comes to warrant inclusion in clinical guidelines for osteo-
porosis.

Ipriflavone — a synthetic phytoestrogen: Phytoestrogens
are weak estrogen-like chemicals produced by plants; they
have estrogen agonist and antagonist effects. There are 3
major groups of naturally occurring phytoestrogens: the
isoflavones (found principally in soybeans and other
legumes), the lignans (found principally in flax seed, fruits
and vegetables) and the coumestans (found in bean sprouts
and fodder crops). Epidemiologic studies suggest that popu-
lations with high phytoestrogen intakes (such as Asians living
in Asia) have lower rates of hip fracture than North Ameri-
cans.” However, direct evidence for a protective effect of
natural phytoestrogens in humans is extremely sparse.

"There is considerably more data on the synthetic phytoe-
strogen, ipriflavone.”*** Trials of ipriflavone are difficult to
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compare because of differences in BMD measurement tech-
niques and sites measured. Interpretation of these studies is
also limited by the fact that RCTs of ipriflavone have not
consistently ensured adequate intake of calcium and vitamin
D in either the treatment or placebo arms. Further, data on
the long-term effects of ipriflavone on other estrogen-sensi-
tive tissues (breast and uterus) are lacking, and the largest
study to date*” suggests that ipriflavone use was associated
with significant lymphopenia in 29 of the 237 treated
women. Only one study*” reported fracture outcomes. Al-
though this study did not demonstrate any difference in the
occurence of vertebral fractures among women taking ipri-
flavone compared with women taking placebo, only a small
number of women had vertebral fractures during the 36-
month follow-up. Larger studies are needed to determine
whether ipriflavone protects against vertebral fractures.

Summary statements

40.Due to differences in techniques for measuring BMD
and sites measured, trials of ipriflavone for the preven-
tion of bone loss and fractures in postmenopausal
women are difficult to compare.?*>2#

41.lpriflavone (200 mg, 3 times daily) is efficacious in
maintaining BMD in the spine in postmenopausal
women?*?° [[evel 1].

42. lpriflavone is not efficacious in preventing fractures in
postmenopausal women with osteoporosis*” [Level 2].

43.1priflavone has not been studied in men or pre-
menopausal women.

Recommendations
26. Ipriflavone may be considered as a second-line pre-
ventive therapy in postmenopausal women
[Grade B].
27. Ipriflavone is not recommended for treatment of post-
menopausal women with osteoporosis [Grade B].
28.Because there is inconclusive evidence regarding the
long-term safety of ipriflavone, patients taking it
should be monitored closely [Grade B],

29. Ipriflavone is not recommended for use in men or pre-
menopausal women [Grade D].

Vitamin K: T'wo types of vitamin K occur naturally: vit-
amin K1, which is found in plants (such as lettuce) and vita-
min K2, which is found in meat, cheese and fermented
products. Vitamin K is important in the function of bone
proteins. Circulating levels of vitamin K are lower in pa-
tients with hip fractures compared with controls and obser-
vational studies suggest that high levels of dietary vitamin
K are associated with lower risk of hip fracture.***' These
findings have led to the development of RCTs examining
the effects of vitamin K treatment on BMD or fracture.”>**
The studies are limited by the fact that RCTs of vitamin K
(typically menatetrenone, 45 mg/day) did not examine
calcium or vitamin D intake in either the treatment or
placebo arms.
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Summary statements

44.Vitamin K is not efficacious in preventing bone loss as-
sociated with medication-induced ovarian
failure*[Level 2].

45.Vitamin K may be efficacious in slowing bone loss in
postmenopausal women with osteoporosis, but has not
been shown to be superior to calcium and vitamin
D526 [ evel 1].

46.Vitamin K may be efficacious in the treatment of post-
menopausal women with severe osteoporosis, but has
not been shown to be superior to calcium and vitamin
D> [Level 2].

47.Vitamin K has not been studied in men or pre-
menopausal women.

Recommendations

30. Vitamin K is not currently recommended for the pre-
vention of postmenopausal osteoporosis [Grade B].

31.Vitamin K is not currently recommended for the treat-
ment of postmenopausal women with osteoporosis
[Grade B].

32.Vitamin K is not recommended for use in men or pre-
menopausal women [Grade D].

Fluoride

Sodium fluoride is a potent stimulator of bone forma-
tion. It was initially investigated as a therapy for osteoporo-
sis in 19647 and gained popularity through the 1970s and
1980s.7® It was the first agent to be reported as capable of
increasing axial BMD in patients with osteoporosis*’
mainly in uncontrolled studies. In 1989, a consensus re-
port’ expressed cautious optimism about the efficacy of
fluoride therapy, but recognized the high incidence of side
effects, particularly with some formulations.

The 1990s marked the introduction of RCT's into osteo-
porosis research and the use of precise vertebral fracture
morphometry. However, fluoride compounds have not
been adequately investigated using modern, evidence-based
standards; almost all of the studies have been small and
have had limited power. Furthermore, the clinical profile of
fluoride treatment varies greatly with different pharmaco-
logic compounds and formulations in terms of bioavailabil-
ity and side effects. Thus, the studies that do exist are not,
for the most part, comparable.

Fluoride in the treatment of postmenopausal women:
Five RCTs examined fluoride therapy and the prevention
of vertebral fractures in postmenopausal women.*?* They
varied in duration (from 2 to 4 years) and used different
pharmacologic preparations of fluoride (plain NaF, enteric-
coated NaF, Na-monofluorophosphate and slow-release
fluoride) and different fluoride doses and are, thus, not
comparable. However, no study demonstrated a significant
reduction in vertebral fractures, despite consistent and sig-
nificant increases in spinal BMD of as much as 6-8% a
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year. One small randomized study™ of therapy with slow-

release fluoride claimed to show a reduction in vertebral
fractures, but quoted the data only as grouped fracture
rates and did not indicate a significant reduction in the
number of women with newly fractured vertebrae. With
fluoride therapy, even a major increase in BMD cannot be
considered as a surrogate marker for fracture prevention.
Sodium fluoride therapy has not been shown to be effective
in preventing fractures in postmenopausal osteoporosis,
and there have been no studies in premenopausal women.

Fluoride therapy in men: In one small RCT,* 60 men
with a mean age of 52 years and a mean lumbar spine T-
score of —2.74 were divided equally into treatment and con-
trol groups. The treatment group received 114 mg of Na-
monofluorophosphate (15 mg fluoride ion) daily in cycles
of 3 months of treatment and 1 month without fluoride.
After 36 months the number of patients with vertebral frac-
tures was reduced by 75% (12 patients experienced verte-
bral fractures in the control group; 4 in the treatment
group). Among those in the treatment group, 10 patients
experienced adverse effects. This single RCT demonstrat-
ing an effect on fractures in men stands in contrast to the
negative results for women. It is not likely that the effects
of fluoride would be different in men and women, nor is
there any direct evidence for this. Thus, it must be con-
cluded that anti-fracture efficacy of fluoride therapy for os-
teoporosis has not yet been demonstrated.

Fluoride and glucocorticoid-induced osteoporosis: Four
RCT:s of fluoride therapy in glucocorticoid-induced osteo-
porosis** demonstrated 2- to 10-fold increases in spinal
BMD over 1-2 years of fluoride treatment, but were too
small to show a significant anti-fracture effect.

Toxicity: The toxic effects of fluoride are dose-related
and the prevalence of adverse effects differs with different
pharmacologic preparations. In 5 of the studies mentioned
above, 12220426271 patients showed significant gastrointestinal
toxicity (gastric pain and nausea) and skeletal toxicity (lower
extremity pain, and stress fractures). Toxicity was particu-
larly associated with plain fluoride and monofluorophos-
phate’; both these formulations can cause gastrointesti-
nal as well as skeletal side effects. Far fewer gastrointestinal
side effects were associated with enteric-coated
preparations’ and even fewer with the slow-release fluoride
preparation.’”

Summary statements

48. Fluoride preparations have not been shown to reduce
vertebral or non-vertebral fractures in postmenopausal
women with osteoporosis®*'2622¢42¢ despite consistent
and sustained increases in spinal BMD.>*'% Fluoride
preparations maintain or marginally increase BMD at
the femoral neck*®*2 [Level 1].

Recommendations
33.Fluoride is not recommended for treatment of post-
menopausal women with osteoporosis [Grade A].



34.Fluoride is not recommended for use in pre-
menopausal women or in men [Grade D].

Parathyroid hormone

Parathyroid hormone (PTH) was reported as a clinical
treatment for osteoporosis in 1980,”% but its commercial
development was delayed until the advent of central DXA
densitometry, which allowed rapid assessment of the hor-
mone’s efficacy in increasing bone mass. The synthetic N-
terminal fragment, hPTH(1-34), has been used almost ex-
clusively in published reports, culminating in the
pharmaceutical trials of teriparatide rhPTH(1-34). At the
time of writing, teriparatide was expected to receive regula-
tory approval in the United States to be followed shortly in
other countries including Canada. Another PTH hormone
containing the amino-acid sequence rhPTH(1-84) is cur-
rently undergoing phase III evaluation.

PTH in the treatment of postinenopausal osteoporosis:
The pivotal RCT of teriparatide’” evaluated its efficacy in
reducing vertebral and non-vertebral fractures in 1637
postmenopausal women with at least one vertebral fracture
at enrolment. This trial was terminated prematurely at a
median period of 21 months because of the occurrence of
osteosarcomas in a long-term toxicology study in rats
treated with large doses of teriparatide from infancy to
senescence (see below).

Fracture reduction depended on the type of fracture
analysed. For new vertebral fractures, the relative risk was
approximately 0.35 compared with placebo. The risk of new
vertebral fractures (radiographic deformities) for women
with moderate to severe vertebral fractures was reduced by
up to 90%. For non-vertebral fractures, the relative risk was
0.47 with no evidence that either dose (20 or 40 pg/day in-
jected subcutaneously) was more effective.””> Compared with
placebo treatment, teriparatide resulted in dose-dependent
increases in BMD at both the lumbar spine (10-14%) and
total hip or femoral neck (3-4%).””* Although, other small
RCTs of hPTH(1-34) have not been powered to evaluate
anti-fracture efficacy, similar and consistent increases in
spine and hip BMD were observed over periods of 1 -3
years of therapy.”’*¥"¢

PTH in male osteoporosis: There are few data from
which to evaluate the effects of PTH in male osteoporosis.
In a small uncontrolled cohort study of 8 men with severe
osteoporosis, Slovik and colleagues”” reported a large gain in
lumbar spine BMD (measured by quantitated computed to-
mography) with no significant change in forearm BMD fol-
lowing 12 months of PTH(1-34) treatment. In a small
RCT?* lasting 18 months, PTH(1-34) resulted in a 13.5%
increase in lumbar spine BMD among 10 men with severe
osteoporosis compared with a control group of 13 men
treated only with placebo injections together with calcium
and vitamin D. BMD was measured by DXA. Preliminary
data have also been presented on the use of teriparatide in an
RCT conducted in 437 men as part of its regulatory trials.”™
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Dose-dependent increases in BMD of 6-9% measured by
DXA in the lumbar spine and 2-3% in the femoral neck
were observed over 12 months; insignificant changes were
observed in the placebo-treated patients. In the teriparatide
trial, the increase in lumbar spine BMD mirrored the
changes seen in a larger trial in postmenopausal women.””
These studies were of 18 months duration or less and were
not powered to detect anti-fracture efficacy; however, the
comparable increases in BMD in men and postmenopausal
women leads us to expect similar anti-fracture efficacy.

PTH and glucocorticoid-induced osteoporosis: To date,
the only study of PTH in secondary osteoporosis is a 12-
month RCT in 51 postmenopausal women with glucocor-
ticoid-induced osteoporosis.’® All women had been on
chronic estrogen therapy; nearly a third had vertebral frac-
tures at baseline and were receiving clinically significant
doses of prednisone for an average of 12-15 years before
enrolment. Compared with the control group on estrogen
therapy, treatment with PTH(1-34) resulted in a signifi-
cant (11.1%) gain in BMD in the lumbar spine and an in-
significant average gain of 2.9% in the femoral neck. The
trial cohort was followed for an additional 12 months
while they continued estrogen therapy and further small
increments in BMD were observed in the group previously
treated with PTH(1-34).* Despite the apparent high risk
of incident fractures in this trial cohort, very few vertebral
or clinical fractures were observed; in any event, the trial
was too small to detect anti-fracture efficacy for PTH.

Side effects during PTH therapy have been relatively
scarce. Pain and induration at the injection sites were likely
due to the vehicle used to reconstitute the peptide”*” and
were not seen with teriparatide.”” Nausea, headaches, dizzi-
ness and leg cramps were observed infrequently as dose-de-
pendent side effects during the teriparatide trials.””* Not sur-
prisingly the pharmacologic properties of PTH resulted in
occasional episodes of hypercalcemia or hypercalciuria dur-
ing the teriparatide trials, which were obviated by either
cessation of concurrent calcium supplementation or minor
dose reductions.”” To date the toxicology data from teri-
paratide, documenting late-onset osteosarcomas in rats
treated with large doses of thPTH(1-34) from infancy to
senescence, has not been seen in human studies. Currently,
the consensus is that limited exposure (1-2 years) to PTH
therapy in older people with osteoporosis does not expose
this population to the risk of osteosarcoma or any other
neoplasm.

Summary statements

49.hPTH(1-34) is efficacious in preventing both vertebral
and non-vertebral fractures in postmenopausal women
with severe osteoporosis.?”? hPTH(1-34) increases
BMD at all skeletal sites with the exception of the
radius?”® [Level 1].

50.In men with severe osteoporosis, hPTH(1-34) increases
BMD at the spine?”?™ [Level 2].

51.In postmenopausal women with glucocorticoid-in-
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duced osteoporosis, hPTH(1-34) increases BMD at the
spine* [Level 2].

Recommendations

35. Although hPTH(1-34) is not yet approved for use in
Canada, it is expected to become a first-line treatment
for postmenopausal women with severe osteoporosis
[Grade A].

36.hPTH(1-34) is also expected to become a recom-
mended treatment for men and people with severe
osteoporosis who are receiving prolonged glucocorti-
coid therapy [Grade D].

Non-pharmacologic interventions
Nutrition
The nutrition section committee’s mandate was to de-

termine whether calcium, vitamin D or selected nutri-
tional variables could be used in osteoporosis prevention

and treatment (Figure 3). The questions addressed con-
cerned the effect of the intake of nutrients and other food
components on subsequent attainment of peak bone mass,
as well as prevention of bone loss and fractures. The initial
scan of the literature revealed 16 058 abstracts from which
996 studies were reviewed. The resulting evidence-based
database included 56 studies on vitamin D, calcium or
both, and 26 on other nutrients and food-related compo-
nents.

The nutrient intake recommendations have been eval-
uated with respect to the effect of the nutrient on bone
health; other functions of the nutrients have not been ex-
amined. If an essential nutrient had no apparent effect on
bone, it is recommended that no additional intake of nutri-
ent is needed, recognizing that bone is a complex tissue
that would require the presence of all essential nutrients
for synthesis and maintenance. As data on dietary levels
needed for bone growth of infants and children are lack-
ing, the recommendations apply only to adults unless
stated otherwise. Intake recommendations represent di-

Non-pharmacological treatment
Calcium: 1500 mg/day
Vitamin D: 800 IU/day

Physical activity; 230 min at least

3 times a week

r

Without fragility
fracture®

r

Vasomotor
symptoms

O

A 4

With fragility
fracture*

1st choice ‘ HRT | Alendronate, Alendronate,
risedronate risedronate
l and raloxifene and raloxifene
2nd choice Alendronate,

risedronate, P

raloxifene,
calcitonin

Calcitonin, etidronate,
HRT

Calcitonin, etidronate,
HRT

Fig. 3: Optimal treatment for osteoporosis in postmenopausal women. (Note: *Mainly vertebral fracture. Only alendronate and
risedronate and recently continuous estrogen-progesterone have been shown to decrease hip fracture risk.)
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etary goals for an individual. The recommended values
are the lowest or most consistently reported effective
amounts that were tested, plus background levels of the
nutrient. Thus, recommendations are for the total dietary
intake.

Summary statements

Calcium and vitamin D

52.Adequate calcium and vitamin D through diet or sup-
plements are essential for the prevention of osteoporo-
sis and, taken together, are essential adjuncts to pre-
ventative therapy!'®-10123125230282 [] eyel ].

53. Calcium and vitamin D should not be used as the sole
treatment of osteoporosis; however, calcium and vita-
min D through diet or supplements are essential ad-
JUnCtS to OSteOpOFOSiS treatment35,38,85,100,113,117,]18,136,137,2837285
[Level 1].

54.The recommended calcium intake from all sources
(where “all sources” means total diet and supplement)
is as follows:

a. prepubertal children (ages 4-8 years) — 800 mg/
day**2® [Level 1]

b. adolescents (ages 9-18 years) — 1300 mg/
day287,290—292 [Level 1]

c. premenopausal women — 1000 mg/day?»2%
[Level 1]

d.  men after adolescence and until the age of 50
years — 1000 mg/day>**” [Level 3]

e. menopausal women — 1500 mg/day?®>-265298-305
[Level 1]

f.  men over the age of 50 years — 1500 mg
/day285,2%,297 [Leve/ ”

g. women 18 years and over who are pregnant or
lactating — same as nonpregnant adult, i.e.,
1000 mg/day**=* [Level 1].

55.Vitamin D3 (cholecalciferol) is preferred over vitamin
D2 (ergocalciferol)*' [Level 2].

56.For Canadians, sun exposure does not appear to be
sufficient to replace ingested forms of vitamin D"
[Level 3].

57.The recommended vitamin D intakes from all sources
(where “all sources” means total diet and supplement)
are as follows:

a. men and women aged 19-50 years — 400 U
(10 pg)y/day*'>" [Level 4]

b. men and women > 50 years — 800 IU (20 pg)/
day282—285,314 [Level ”

Macronutrients — protein, fatty acids, dietary fibre

58.Increasing protein intake among those who have inad-
equate dietary protein has a positive effect on the risk
of hip fracture in men and women®">*'® [Level 3].

59.There is no good-quality evidence to support or refute
the benefits of essential fatty acids or dietary fibre on
BMD or fracture risk.
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Diet-related lifestyle factors — caffeine, salt

60. Heavy caffeine ingestion (> 4 cups coffee/day) is signif-
icantly associated with hip fracture in men and
women®'7?'® [[evel 2].

61.The effects of sodium on BMD are equivocal; how-
ever, in studies in which sodium intake is measured
properly, there is a significant negative effect for
women®" [Level 3] and men** [Level 5] when daily in-
take exceeds 2100 mg (90 mmol).

Other micronutrients

62.1In both men and women who have normal digestion,
providing additional dietary magnesium has no signifi-
cant effect on the risk of hip fracture?***?'=* [Level 3].

63.In men and menopausal women, providing additional
dietary copper has no significant effect on the risk of
hip fracture®*** [Level 3].

64.There is no significant association between fracture
risk and zinc intake in men®* [Level 3] and additional
dietary zinc intake has no significant effect on BMD in
women®? [Level 5].

65. There is no good-quality evidence to support or refute
the benefits of iron on BMD or fracture risk; however,
in women over 39 years, high intake of iron
(> 30 mg/day) may be associated with an increased
risk of hip fracture®*® [Level 4].

66.Few studies have adequately addressed dietary phos-
phorus. In the normal range of daily intake, assessed
without consideration of phosphate additives in
processed foods, there does not appear to be any sig-
nificant relation between phosphorus intake and hip
fractures in men*?® [Level 3] or BMD in women3
[Level 5].

67.There is no good-quality evidence to support or refute
the effect of providing dietary silica, boron or strontium,
or additional manganese, on BMD or fracture risk.

Recommendations
37.The following daily intake levels are recommended
for calcium:
a. prepubertal children (ages 4-8 years) —
800 mg/day [Grade B]
b. adolescents (ages 9-18 years) — 1300 mg/day
[Grade B]
c. women (ages 19-50 years) — 1000 mg/day
[Grade A]
d. women over 50 years — 1500 mg/day [Grade A]
e. pregnant or lactating women (= 18 years) —
1000 mg/day [Grade A]
f.  men (ages 19-50 years) — 1000 mg/day
[Grade C]
g. men over 50 years — 1500 mg/day [Grade C].
38.The following daily intake levels are recommended
for Vitamin D;:
a. women (ages 19-50 years) — 400 IU (10 pg)/day
[Grade D]
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b. women over 50 years — 800 IU (20 pg)/day
[Grade A]
c. pregnant or lactating women (= 18 years) —
400 1U (10 pg)/day [Grade D]
d. men (ages 19-50 years) — 400 IU (10 pg)/day
[Grade D]
e. men over 50 years — 800 IU (20 pg)/day
[Grade A].
Vitamin D; is specified as it shows greater potency
than Vitamin D,; therefore more of the latter may be
required to meet these recommendations.
39.Maintaining adequate protein intake is important
[Grade C].
40.Excess caffeine (> 4 cups coffee/day) should be
avoided [Grade B].
41.Excess dietary sodium (> 2100 mg/day or
> 90 mmol/day) should be avoided as it reduces
BMD in adult men and women [Grade C].
42.No evidence exists to recommend additional intakes
of the following nutrients for the prevention or treat-
ment of osteoporosis: magnesium, copper, zinc,
phosphorus, manganese, iron, essential fatty acids
[Grade D).

Physical activity and falls prevention

Physical activity will benefit skeletal structure and
strength; and the detrimental effects of immobilization are
well known. Physical activity varies in type, frequency, du-
ration, intensity and age of onset. It affects different parts
of the skeleton differently, according to the pattern of
stress produced. An additional complication is that overac-
tivity, by affecting hormonal status, especially in pre-
menopausal women, and perhaps because of associated un-
dernutrition, can be detrimental to the skeleton.

Sports are the most extreme form of physical activity
normally undertaken, but by their nature are not amenable
to RCTs. They also fall mainly into the 2 categories of
physical activity — aerobic or impact type (jogging, field
and racquet sports, gymnastics) and endurance and
strength type (weightlifting, body building, swimming, cy-
cling and use of static exercise machines) — and so can of-
fer insight into the type of physical activity most likely to
be valuable.

Physical activity and BMD

Children, before and during puberty: The question of
greatest importance is probably whether a permanent
change in the skeleton can be induced by physical activity,
such that it will bring benefit throughout the rest of life.
Clearly the time of growth would represent the best chance
of achieving this. In children, interpretation of BMD
changes is difficult, as the usual method for measuring
BMD (by DXA) is size sensitive; the density of small bones
tends to be underestimated and that of large bones overes-
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timated. Thus it is important to match control and study
groups for stage of growth and puberty and take into ac-
count any effect of the physical activity on growth, which
could occur, for example, through a delay in puberty.

An RCT large enough and long enough to provide a
definite answer to our question is not available and likely
never will be. We must piece together the answer as best
we can from the available evidence.

Two RCTs, one in boys and one in girls aged 9-12
years have shown that an exercise program of 7 months’
duration, entailing jumping, will produce changes in BMD
and some measures of skeletal size. In girls, the impact was
greater for those entering puberty than for younger chil-
dren’”#?; however, benefit is not confined to the time of
puberty, but also occurs at younger ages.””**' Most of the
sports that children participate in are impact types, such as
baseball, basketball and soccer, and are associated with im-
proved BMD. Gymnastics is particularly effective. Non-
impact exercises, such as swimming and resistance strength
training are of little benefit.****

Young adults after puberty: Benefits from impact-type
exercises are seen in young adults after puberty,”**" with
the best results in those who have exercised throughout
childhood.*® Running produces variable results in both
men (see below) and women depending on nutrition and
hormone changes. This effect in young women is reviewed
by Khan and colleagues.

Weight training in young adulthood also gives inconsis-
tent results.”*** Young male olympic weight lifters had
greater BMD, although potential use of anabolic steroids in
such competitors has been reported.’***

Older adults — men, premenopausal and post-
menopausal women: Case—control studies’*** have shown
varying degrees of BMD increase in men who participate in
sports. However, many of these studies included adults who
had been active in sports since childhood.***"' In a study of
adult male tennis players, BMD was found to be 15%
greater at the lumbar spine and 11% at the proximal
femur.** For long-distance running, benefit appears to oc-
cur among those who run up to 15-20 miles a week; longer
distances, for whatever reason, result in little benefit or ac-
tual reduction in bone density.”***** Most intervention stud-
ies of men are case—control and not randomized. There is a
great need for large-scale randomized long-term trials.

A meta-analysis™ of 8 RCT's (6-36 months duration) in
premenopausal women (16-44 years old) reviewed
whether impact exercise versus non-impact exercise re-
duced age-related bone loss. Impact exercises included
high-impact aerobics, running and jump training. Non-im-
pact exercises included stretching, resistance training and
weight-lifting. The studies were limited by small sample
sizes and high dropout rates. Bone loss in the lumbar spine
was 1.5% lower in the group participating in impact exer-
cises (95% CI 0.6%-2.4%) and 1.2% lower in those in the
non-impact exercise group (95% CI 0.7%-1.7%). One
study in female college students found that running (im-



pact) and weight-training (non-impact) were equally effec-
tive in reducing bone loss.”** Overall, studies with high
compliance had a greater impact on maintaining or im-
proving BMD.

Studies in postmenopausal women similarly tend to be
small and short term, although there are many more
RCT:s. As these studies involve trying to change an activity
pattern, compliance becomes an issue, although under
study conditions it tends to be relatively high (50-100%).
Most investigators have studied the impact of physical ac-
tivity in those who have chosen to participate fully com-
pared with lower compliers and a control group. There-
fore, the studies explore efficacy rather than effectiveness
and do not carry out intention-to-treat analyses.

Brisk walking, dancing and jumping appear to slow or
prevent bone loss in postmenopausal women, although the
results are not entirely consistent.’*2% Physical activities
designed to improve strength and endurance or the
strength of specific muscles that act on the bone in ques-
tion (mostly weight training or the use of stationary equip-
ment) produce inconsistent results.””* The potential ben-
efits of physical activity in synergy with HRT are unclear,
as results are inconsistent.’#7*¥7

Several meta-analyses have been conducted on the effect
of physical activity on bone loss in postmenopausal women.
Wolff and co-workers”” concluded that physical activity
prevented or reversed almost 1% of bone loss per year in
both the lumbar spine and femoral neck. Several other
meta-analyses**”* have also found a greater benefit of
physical activity, particularly impact exercise, at the spine.
BMD at the hip may also benefit from impact exercise but
the effect of non-impact exercises on hip BMD remains un-
proven.’”’

Physical activity and fracture prevention: Case—control
studies’”* of older adults with hip fractures have shown
that these people had lower activity levels through adult
life. A large prospective, observational study* found faster
rates of BMD loss from the hip in those most inactive (bed
or chair bound). A prospective study** of 9012 men over
7 years found fewer fragility fractures in men who did more
weight-bearing activity. Intense activity (defined as activity
beyond walking) was associated with a reduction in hip
fracture occurrence in the most active group (HR 0.38;
95% CI 0.16-0.91) in a 21-year cohort study.*

There are no long-term prospective RCT's of physical
activity exploring fracture outcomes.

Physical activity and falls prevention: In adults over the
age of 65 years living independently, physical activity has
been shown to reduce falls.** Physical activity included in-
dividually tailored programs of progressive muscle
strengthening, balance retraining exercises and a walking
plan which reduced the number of people sustaining falls
and the number of people with fall-related injuries over
1 year (RR 0.80, 95% CI 0.66-0.98). A reduced rate of falls
was also found in those who continued the activity for a
second year. =¥
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Tai chi has also been shown to reduce falls.”™ One of the
limitations of this study was that when “falls” were rede-
fined to discount minor events, such as stumbling, the
study results were no longer statistically significant.

Group-delivered exercise programs that have not been
individually prescribed appear to be not as effective in re-
ducing falls, and further study is needed in this area.

Other programs to reduce falls: Home hazard assess-
ment and modification prescribed by an occupational ther-
apist for older adults with a history of falling have been
shown to reduce the risk of falling both inside and outside
the home (RR 0.64, 95% CI 0.49-0.84).* Those without a
history of falls did not receive benefit from this program.

Withdrawal of psychotropic medication is also effective in
reducing falls among the elderly living in the community.’®

Educational preventive home visits (evaluation of med-
ical, functional, psychosocial and environmental factors fol-
lowed by recommendations) have not been found to be ef-
fective in reducing falls in community-dwelling elderly.*”

Multi-faceted programs in community-dwelling elderly
people are effective in reducing falls (pooled RR 0.79, 95%
CI 0.67-0.94) in those with a history of falling or known risk
factors for falls.***** Also, Tinetti and colleagues®” showed
a reduction in the number of falls using a multifactorial in-
tervention (adjusted incidence rate ratio 0.69, 95% CI
0.52-0.90). Such interventions include screening of health
and environment risk factors, assessment of physical activity
and home hazards and modification and withdrawal of psy-
chotropic medications. These programs have only been
found to be positive in North America, which may be due to
differences in health care systems and differences in the types
of multifactorial and multidisciplinary interventions.

Summary statements

68. Children who exercise habitually have stronger bones
than those who do not?293313383% [l evel 3].

69. Exercising throughout puberty may be particularly effi-
cacious in producing a stronger skeleton®*% [Level 1].

70.Impact exercises lead to an improvement in BMD in
both boys and girls**** [Level 1].

71.Impact exercises and sports that include them as a
component are more efficacious at all ages than
strength, endurance or non-weight-bearing acti-
vities*323333% [| evel 4].

72.Physical activity in men, particularly of the impact
type, is associated with greater BMD**% [l evel 4].

73.In premenopausal women, both impact and non-
impact exercise prevent bone loss in the lumbar spine,
with impact exercise somewhat more beneficial*****
[Level 2+].

74.In postmenopausal women, impact exercise may re-
duce the rate of bone loss or lead to some bone gain,
at least in the short term. Response to non-impact or
endurance exercises is lower and more inconsis-
tent300,357—360,364,365,367,368,3717373 [Le\/el 7]'

75.In both men and women, excessive physical activity,
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such as that associated with long-distance running,
can be detrimental®*>*>* [Level 4].

76.A higher level of activity throughout middle life is as-
sociated with a reduced risk of hip fracture in old age
[consensus].

77.Exercise programs that are individually tailored and in-
clude muscle strengthening, balance training and
walking over 1 year are effective in reducing falls*®%
[Level 1+] and injuries® [Level 2+]. General group-
delivered exercise programs have not been shown to
be effective in reducing falls.

78. Multifactorial programs that combine interventions are
effective in reducing falls in both unselected people
and those with a history of falling or with known risk
factors for falls®®3913% [l evel 1+].

Recommendations

43.Children, particularly those entering and passing
through puberty, should be encouraged to participate
in impact exercises or sports (mainly field and court
sports) [Grade B].

44.Throughout life, both men and women should be en-
couraged to participate in exercise, particularly in
weight-bearing exercises, which include impact as a
component [Grade C for men; Grade B for pre- and
menopausal women].

45.For older men and women at risk of falling or who
have fallen, tailored programs that are based on indi-
vidual assessment, contain exercises to improve
strength and balance and, where necessary, are multi-
disciplinary in nature should be made available
[Grade A].

Conclusion

These clinical practice guidelines are intended to pro-
vide family practitioners with the current best evidence
from clinical research to help them make health care deci-
sions about osteoporosis. For each section in this docu-
ment, we have followed the steps necessary to develop rec-
ommendations based on evidence-based medicine: defining
a question, gathering and summarizing the evidence and
making a judgment on that evidence. As in many other
fields of medicine, the evidence in the literature on osteo-
porosis is rapidly growing and we expect these guidelines to
be a work in progress that will need to be updated to inte-
grate new evidence.

Health care decisions should, as far as possible, be evi-
dence-based and adapted to patient needs to ensure appro-
priate resource utilization, good adherence to therapy and
optimal outcomes. That is what makes medicine an art as
well as a science.
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