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Abstract

Osteoporosis is a major health problem that can be mitigated by accurate prediction of
future risk for bone fractures. Bone mineral density (BMD) testing can be conducted to assess
people’s risk of fracture, but its value rests on the ability to provide risk information effectively
to those individuals who have low BMD; those individuals must then be willing to initiate and
maintain recommended lifestyle behaviours-and medications.

This study assessed the influence of low BMD results and direct-to-participant feedback
of results on awareness of diagnosis, information seeking about osteoporosis, bone-related
medication use and health behaviours. Participants included 1,837 women and 869 men aged
40-60 years, from the population-based prospective Canadian Multicentre Osteoporosis Study,
who had undergone baseline dual energy X-ray absorptiometry of the hip and spine. Bone-
related health behaviour, medication use and risk factors for osteoporosis were measured by
questionnaire at baseline and at 3-year follow-up; recall of BMD test results and subsequent
information seeking were assessed at Year 3. The diagnosis reported to the participant and/or
the family physician, was documented retrospectively by review of the feedback reports.

Correct recall of osteoporosis or osteopenia diagnoses was poor, particularly in men.
After adjustment for baseline health behaviour and other important covariates, low BMD results

at baseline were associated with subsequent information seeking, and with higher calcium intake,
Vitamin D supplement use and osteoporosis-related medication use at follow-up. A report of
.low BMD had no influence on exercise participation, smoking cessation, high alcohol
consumption, or high caffeine intake. Direct-to-participant feedback v. feedback only to the
physician was associated with increased awareness of diagnosis in those with a borderline or
normal diagnosis, grea]te_r information seeking, and calcium supplementation in women and men,
and increased exercise participation and reduced caffeine consumption in women. Educational
strategies that specifically target men and specific interventions to support health behaviour
change in those at increased risk of fracture are likely to be necessary if BMD testing in this age-
group is to have a significant impact on fracture risk. Direct-to-participant feedback may offer
an effective method of increasing awareness of BMD test results and influencing some health

behaviours.
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CHAPTER 1: Introduction

1.1 Introduction

Osteoporosis is a major health problem that is expected to contribute an increasing
burden on health services as the population grows and ages. The annual cost associated with
treatment and care of hip fractures alone in Canada has been estimated to be $650,000,000 (1).
Because age is the major risk factor for low bone density and osteoporosis-related fracture (2),
the epidemic of fractures attributable to osteoporosis, together with the financial and societal
burden that accompanies them, are expected to increase dramatically as life expectancy increases
around the globe.

Prevention offers the greatest potential for reducing the impact of osteoporosis on
morbidity, mortality, quality of life and economic burden: Once fractures occur, bone loss has
reached a stage that is often irreversible. If individuals who are identified as being at higher |
relative risk for osteoporotic fracture can be encouraged to modify their lifestyles appropriately,
or to take effective medications or supplements, then the burden of osteoporosis would be
expected to decrease. For such preventive interventions to be effective, however, individuals at
risk for fracture must first be reliably identified, individual risk information and
recommendations for intervention must effectively reach them, and those at high risk must be
prepared to make recommended lifestyle changes and take medications as appropriate, in order
to reduce their risk.

The measurement of bone mineral density (BMD) plays a central role in the diagnosis of
osteoporosis and in the assessment of fracture risk; the current gold standard method for
identifying low bone density in clinical practice and population based settings is dual energy X-
ray absorptiometry (DXA). A low test result by DXA should ideally prompt physicians or other
health professionals to recommend appropriate interventions and to support women and men
with low BMD (and hence an increased risk of fracture)'to make lifestyle changes and, if
appropriate, to take medications to reduce their risk. The identification of women and men who
have low bone density by DXA testing is of potential benefit if the communication of an
increased risk of fracture were to encourage those at greater risk to undertake preventive
measures.

The potential benefit of DXA testing is offset by its low positive and negative predictive
values: many who are identified with a low bone density by DXA are not destined to experience

a fracture and similarly, many with normal bone densities will later suffer fractures. A low test



result may lead to increased stress and worry about silent “risk” that may never result in a
fracture, or may result in inappropriate precautions (3), and a normal test result may provide
false reassurance and complacency. Furthermore, DXA testing is costly. When assessihg the
value of BMD testing in selected women in the perimenopausal and early menopausal years, the
British Columbia Office of Health Technology Assessment cited a lack of data demonstrating
that women, or their physicians, acted on BMD results in a way that could affect health
outcomes (4). The positive potential of DXA testing can only begin to be realized if it results in
positive action, such as appropriate lifestyle change or medication use.

The primary focus of this dissertation was to address whether a sample of mid-aged
women and men, from the general Canadian population, who received BMD test results from a
DXA test were aware of their test results, and whether low test results prompted information
seeking about osteoporosis and the modification of osteoporosis-related health behaviour.
Specific health behaviours that were addressed by this research were those that have been
demonstrated to be effective, at least to some extent, in reducing the risk of fracture or the loss of
BMD or that are recommended preventive or treatment interventions in established osteoporosis
practice guidelines: increased calcium intake from diet, use of calcium or vitamin D
supplements, participation in exercise, smoking abstinence, moderate alcohol and caffeine
intake, and the use of bone-specific medications.

Direct-to-participant feedback of test results may increase the awareness of test results
and may further provide the opportunity for individuals to take responsibility for their own
health. On the other hand, direct feedback may provide no improvement in understanding and
may be less effective than communication through the primary health-care provider.
Furthermore, direct feedback may even hinder behaviour change by interfering with the
opportunity for physician-initiated discussion of potential lifestyle or therapeutic interventions.

A second focus of this dissertation was to explore the effects on correct recall and
awareness of DXA test results (or diagnosis), information seeking and health behaviour change
(including the use of bone-specific medications) of direct-to-participant feedback of test résults,
in comparison with feedback to the FP only.

Although knowledge of an increased risk may be necessary, it may not be sufficient to
motivate positive change; the increased risk must also be relevant to the individual and that
individual must be prepared to initiate and maintain changes to his or her lifestyle. This suggests

that those at greater risk for fracture, such as older women, individuals with a family history of

osteoporosis and those with a history of exposure to high-risk medications such as




corticosteroids, would be expected to take more notice of their BMD test results and may be
more likely to make appropriate behavioural changes. In other words, different subgroups of the
population may respond differently to the equivalent assessment of risk (BMD test results).

A third focus of this dissertation was to assess the potential effects of demographic
factors and other risk factors for osteoporosis on correct awareness of BMD test results,
information seeking, health behaviour change and osteoporosis-related medical therapy.

This study was made possible by the provision of prospectively collected population-
based data from women and men who took part in the Canadian Multicentre Osteoporosis Study
(CaMOS) (5). Further data to address the specific questions of this dissertation were collected

retrospectively from CaMOS participant files.

1.2 Outline of the Thesis Structure

Chapter 2 follows this introductory chapter and provides an overview of the literature on
DXA testing, osteoporosis and its risk factors, and prevention and treatment recommendations.
Prior studies that have investigated correct awareness of BMD test results, information seeking
and lifestyle change following bone mineral density testing are reviewed in this chapter, as is the
small amount of prior research related to direct-to-participant feedback of BMD test results and
some theoretical grounding for its consideration as a potentially effective intervention.

The rationale for the study in the context of a summary of the literature discussed in
Chapter 2 is presented in Chapter 3, together with the overall and specific objectives of this
dissertation research and the conceptual framework that guided the development of the study.

The designs of this study and the Canadian Multicentre Osteoporosis Study (CaMOS),
from which this study is derived, are described in Chapter 4. The sample selection, measurement
and derivation of the explanatory and response variables, manipulation of the data and analysis
methods are described here. Chapter 4 also includes a description of the sampling strategy for
the National Population Health Survey (NPHS), from which a selection of variables was
obtained and compared with a subset of this study’s data to assess the findings’ generalizability.

Chapter 5 provides a description of the study sample and a comparison between the
sample and the mid-aged CaMOS participants who were excluded due to loss to follow up or
lack of a BMD test. The sample is also compared with the equivalent age group from the cross-

sectional NPHS (Cycle 2) sample that was completed at the same time as the CaMOS

participants were surveyed.




Chapters 6 and 7 present the results of the univariate and multivariable data analyses and
Chapter 7 ends with summary tables of the associations that were found between the awareness,
information seeking and health behaviour outcomes and all of the explanatory variables that
were considered.

Finally, an interpretation of the study findings and their implications, together with a

discussion of the limitations of this research are presented in Chapter 8.



CHAPTER 2: Literature Review

2.1 The Burden of Osteoporosis-Related Fractures

Osteoporosis is a chronic disorder in which a complex array of physiological mechanisms
brings about a progressive reduction in bone strength and increased risk of bone fracture. The
fractures that result are associated with a largse burden of morbidity and mortality and a
significant cost to the health-care system (1;6-11). Major fragility fractures, particularly of the
hip, are associated with excess mortality in both women and men (12;13). Mortality within one
year following hip fracture varies considerably by age, but overall, is between 10% and 20%
(14-16); between 17-23% of these deaths are believed to be directly due to the hip fracture event.
It has been estimated that 1.5% of all deaths in a population aged 50 years and over can be
attributed to hip fractures (17). Excess mortality is also associated with clinically diagnosed
fractures of the vertebrae' (12), although this is possibly due to their relationship with comorbid
conditions. Although the incidence of hip fracture is much more frequent in women than in men,
mortality has consistently been found to be higher in similarly aged men than women following
hip fracture (16-21).

The morbidity associated with osteoporosis-related fractures, particularly of the hip, is
substantial. Approximately one half of all hip fracture patients have difficulty walking one year
after fracture (14;22); 8% of independently living women who have an osteoporotic fracture of
the hip, spine or wrist are expected to require long term care and a further 7% are expected to
become dependent for the basic activities of daily living (23). A recent Canadian study found
that 41% of community-dwelling women and men aged 50 years and over were no longer living
independently one year after a hip fracture (1).

Given the significant associated morbidity, it is not surprising that health-related quality
of life (QOL) is significantly affected by osteoporotic fractures (24-27), although the relationship
is complex and likely mediated or moderated to some extent by other factors such as
comorbidity. Prevalent fractures were associated with poor QOL, as measured by the Health
Utilities Index in the Canadian Multicentre Osteoporosis Study (CaMOS) cohort (24), while a
prospective study of predictors of incident low trauma fractures amongst the menopausal women
from the same cohort found that poor QOL, as measured by the SF-36 at baseline, was a risk
factor for osteoporotic fractures of the hip, sbine and other non-vertebral sites (28). This

suggests that other factors that are often associated with QOL such as age, comorbidity and

' Approximately two thirds of vertebral fractures remain silent and are not identified clinically.




depression may confound its relationship with fractures. Nevertheless, it is clear that people
with osteoporosis-related fractures experience a poorer QOL compared with those without
fractures (24-28),

During one year (1990), 740,000 deaths globally were estimated to be attributable to hip
fractures and a loss of 1.75 million disability adjusted life-years;” equivalent to 0.1% of the
global burden of disease world-wide (29). This relative burden is more than 10 times greater
(1.4%) if only women in Western countries are considered (29). Evidently, the burden imposed
by fractures associated with osteoporosis is significant in terms of both mortality and morbidity,
and because a major risk factor for low trauma fracture is advancing age (30;31), the epidemic of
fractures has been projected to increase exponentially as life expectancy and median age around
the globe increases (32;33). The cost of treatment and care for these cases of osteoporosis is also
expected to vastly increase in the absence of effective and acceptable preventive and treatment
interventions; the direct and indirect cost associated with hip fracture alone in Canada has been
estimated at $650 million, with a projected increase to $2.4 billion by 2041 (1). Fracture
treatment is costly and rehabilitation has a low success rate, hence early preventive interventions
offer the greatest potential benefit in terms of reducing morbidity, mortality and economic
burden.

Age-adjusted incidence rates for osteoporotic fractures in women have decreased since
the 1950’s in a U.S. cohort (34), while rates stabilized between 1965 and 1983 in a Swedish
sample (35), during the 1980’s in populations in Canada (36) and Finland (37), and in the early
1990’s in a second Swedish population (38). Age-adjusted rates for men, on the other hand,
have shown increases over time relative to those seen in women (34;35) leading to a decrease in
the male : female ratio of incidence rates in some populations. The increase in incident fractures
as the population ages is therefore expected to be greater in men than in women. The age
adjusted incidence of fractures in Asia is still increasing (39;40). As fracture rates stabilize or
decrease in parts of Europe and North America, the aging populations of Asia, as well as South
America, are expected to contribute an increasing relative global burden of fracture cases over

the next half century (41;42).

% “Disability Adjusted Life Years” (DALYs) are a combined estimate of the years of life lost due to premature
mortality and the number of healthy years of life lost because of disability. These calculations take into account the
disability weight associated with hip fracture (0.272 for each year of disability), the age of onset of the disability
(because the relative importance of healthy life is adjusted for different ages), the duration of time lost due to death
attributable to hip fracture (25% of mortality following hip fracture was assumed to be attributable to the fracture for
these estimates) and a time preference, or discounting function, that adjusts for the greater value of health gains now
compared to health gains in the future.
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The results of two recent studies have provided more evidence that age-adjusted fracture
rates are declining in Western countries where greater attention has been paid to the disease. In a
retrospective cohort study of Swedish women and men aged 50 years and over, age adjusted hip
fracture rates in women decreased between 1982 and 1996, while those in men increased. The
authors projected that age-adjusted hip fracture rates would decrease overall by 11% by the year
2010 (compared to 1996). Based on the data for women and men, a decrease in hip fracture rates
in women of 19% was projected and an increase of 7% was projected for men. Given these
projections, and the expected increased age of the population in 2010, no change in the actual
number of hip fractures was projected (43). Jaglal et al. (44) investigated similar trends in both
hip and wrist fractures in women and men aged 50 years and over in the population of Ontario,
Canada. The age-adjusted incident fracture rates for both hip and wrist fractures in women
remained stable between 1992 and 1996, but then declined from 1997 to 2000. Consequently,
the authors projected that rates would continue to decline between 2001 and 2005 and that the
actual number of hip and wrist fractures would not increase substantially even as the population
aged. As observed in the Swedish study, the age-adjusted fracture rates in men did not exhibit
the same decline. These results, together with earlier indications of relative increased rates in
men, suggest that education and awareness, as well as lifestyle and therapeutic interventions,
have made an impact on women’s bone health but not on men’s, and that there is a need for
greater education, awareness, prevention and intervention directed at men.

The Ontario study (44) correlated the decline in fracture rates to concurrent substantial
increases in the use of BMD tests in women aged 50 years and over and to increasing
prescription claims for bone-specific medications (antiresorptives) between 1996 and 2003 in
women aged 65 years and over. While it is possible, as the authors suggest, that increased
diagnosis by BMD testing and increased treatment with antiresorptives were responsible for the
observed decline in age-adjusted hip and wrist fracture rates in women in Ontario, DXA testing
and treatment could not be causally linked to the fracture outcome because interventions and
fracture rates were not studied at the individual level. Furthermore, information was not
available regarding either DXA test results or adherence to antiresorptive therapy; the authors
only had information about the proportion of the population who filled a prescription. Other
potential explanations for the decline in fracture rates include increased awareness of the risk
factors and consequences of osteoporosis amongst physicians and the lay population, which may

have led to initiation, maintenance or improvement in women’s exercise participation or

healthful diet choices, for example. The use of ovarian hormone therapy (OHT), whether taken




as a preventive intervention for osteoporosis or for other indications, may also have contributed
to the change in fracture incidence rates (prescription of OHT was not investigated by the
authors). In summary, it is not possible to tell from this study if increased DXA testing, and in
particular, the specific results of the tests, influenced fracture rates in Ontario in the late 1990’s.
Studies of individual level associations between BMD testing, the results of the tests, medication
uptake, lifestyle changes and ultimately fracture rates are necessary to clarify the role that DXA

testing has played, and may play in the future,

2.2 The Diagnosis of Osteoporosis: BMD and DXA

The term “osteoporosis™ is used interchangeably to describe both the process that

contributes to fractures, a decreased relative bone mineral density (BMD), and the clinical
outcome (fractures). The following operational definitions, based on bone mass measurements in

white menopausal women have been developed by the World Health Organization (WHO) (45):

= Severe osteoporosis. BMD lower than or equal to 2.5 standard deviations (SD) below
the peak adult mean (the mean of a healthy young adult reference population) in the
presence of a low trauma fracture.

=  Osteoporosis. BMD lower than or equal to 2.5 SDs below the peak adult mean
without fracture.

s Osteopenia or low bone mass. BMD between 1 and 2.5 SDs below the peak adult
mean.

s Normal. BMD no lower than 1 SD below the peak adult mean.

Measurements of bone density, most often from the proximal femur or lumbar spine, are
interpreted by calculating a T-score, which is the number of standard deviations by which a
result deviates from the mean bone density in young adults of the same sex. The threshold
values, as defined by the WHO, are then used to categorize patients as having normal bone,
osteopenia or osteoporosis. Z-scores are also used as an alternative comparison method; the Z-
score is the number of standard deviations by which a result deviates from an age- and sex-
matched population. As bone density naturally decreases with age, a Z-score for a person past
the age of 40 years, when peak bone mass starts to decline, will be higher than the corresponding
T-score. Sixteen per cent of young adults within the age range for “peak bone mass” will have a

BMD that is 1 SD below peak bone mass (a T-score of -1.0), whereas a person with a Z-score of
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-1.0 lies in the lowest 16% of the population of equivalent age. Hence, with a T-score cut-off,
the chance of being diagnosed with osteoporosis or osteopenia gradually increases with
advancing age.

For Swedish women, for example, the prevalence of a T-score at or below -2.5 (i.e., a
diagnosis of osteoporosis), using 20-39 year-old “peak bone mass” in women as the norm (from
the National Health and Nutrition Examination Survey, or NHANES), has been estimated to be
approximately 3.9% in women at the age of 50 years, increasing to 36.1% at the age of 80 years.
For men, using 20-39 year-old men as the reference population, the prevalence of osteoporosis is
approximately 1.9% at the age of 50 years and 12.6% at age 80 years (46).

From the CaMOS data, the prevalence rate of osteoporosis of the hip in Canadians aged
over 50 years has been estimated at approximately 8% for women and 5% for men (47).
Equivalent estimates for U.S. population from the NHANES data, have been similar for men
(6%) but higher for women (18%) (48); this difference in prevalence may be explained by an
actual difference in the BMD of women aged 50 years and over between the two populations or
by somewhat different age distributions amongst women aged 50 to 80 years in Canada
compared to the U.S. (47).

Dual energy absorptiometry (DXA), in which the amount of mineralised tissue in a
scanned area of bone (g/cmz) in the hip, spine or total body is measured by passing low-dose X-
rays through the bone, is the current gold standard for the clinical measurement of BMD. DXA
is relatively more accurate and precise than other currently available technologies for measuring
BMD and can be performed quickly with little patient discomfort (49). The accuracy error for
DXA (potential error in measurement of the actual BMD of a site) ranges from 5% to 8% (50)
and the precision error (the potential error in re-measuring the same sample) is approximately
1% to 2% (49). With a potential error of estimating bone density at 8% above or below an
individual’s true BMD, there is the potential of a resulting error in the diagnosis. and prediction
of fracture risk. As was pointed out by the British Columbia Office of Health Technology
Assessment (BCOHTA), in their systematic review of the use of selective or population
screening in well women, however, the technological performance of DXA is of much less
importance than its overall clinical usefulness as a prediction tool for the clinical outcome -
fracture (4).

The diagnosis of osteoporosis and the assessment of fracture risk are based on the
comparison of a DXA measurement to peak bone mass and are therefore heavily dependent on

the population that is used as the reference. Originally, the referent populations for DXA testing

9




were the DXA manufacturers’ samples, which were small samples of relatively healthy young
(aged 20 to 29 years) adults. The methods used to obtain these data and descriptions of the
populations used for these manufacturers’ normal samples were not published. The hip
measurements of the reference populations for the two main DXA suppliers (Hologic Inc.™ and
Lunar Corp.™ ) have been found to differ, even when the systematic differences between the
values of absolute bone densities between the two systems were corrected (51). The authors of a
study that compared the manufacturers’ norms to a sample of young British women found large
differences in the two sources of norms for both hip and spine values, and concluded that the use
of the manufacturer’s norms would lead to over diagnosis, excess treatment and unnecessary
worry (52). Since 1997, the larger, population-based young adult sample from the third National
Health and Nutrition Examination Survey (NHANES III) has been used as the reference
population for the hip (53). Because the average BMD values of this large U.S. national
representative sample are lower than those of the small samples available in the earlier days of
DXA testing, the T-scores from measurements derived by comparison with the NHANES III
reference database are higher than those using the older manufacturers’ hip norms and there is a
reduced probability of diagnosis of osteoporosis or osteopenia (47). Canadian population norms
for women and men for both femoral neck and lumbar spine values are now available. Peak
bone mass values of young adult women and men in the CaMOS study were found to be very
similar to those in the NHANES database, and significantly lower than the manufacturers’ norms
for both hip and spine measurements (47). Until the publication of the CaMOS data, no reliable
population-based values for peak bone mass values at the spine were available.

Measurements for both the lumbar spine (the first four lumbar vertebrae) and the hip are
typically generated by the DXA scan, but there have been varying opinions and only limited
agreement about which sites should be used to make a diagnosis. Hip measurements are
provided for three separate regions of the proximal femur: neck, trochanteric and inter-
trochanteric, as well as a total hip measurement which includes all three areas. A measurement
for the Ward’s triangle, a small area of mostly cancellous bone’ below the femoral neck, is also
provided, but this area is the least reliable of all hip sites and is not recommended for diagnosis
(54). The hip region used for clinical and research purposes has varied, both in Canada and

internationally, but most of the published research regarding the risk of fracture has used the

* Cancellous bone (or trabecular or spongy bone) is osseous tissue with low density and strength and a large surface
area, it fills the inner cavities of long bones and protects the bone marrow.
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neck of the hip (55;56). Up until 1996, when the Scientific Advisory Board of the Osteoporosis

Society of Canada’ recommended that the neck of the hip be used for clinical diagnostic

purposes (57), there were no Canadian guidelines regarding the area of the hip that be used.

Very shortly afterwards the International Committee for Standards in Bone Measurement
endorsed the use of the total hip measurement as the preferred site (58). A recent position
statement by the International Society for Clinical Densitometry (ISCD) which recommended
that the lowest of the total hip, trochanter and neck of hip be used (59) is indicative of the
confusion and inconsistency that have been associated with the clinical diagnosis of osteoporosis
in practice. The ISCD’s position has been challenged by the International Osteoporosis
Foundation as being without scientific basis (60) and has since been updated by the ISCD to a
recommendation of the selection of the lowest of the total hip or femoral neck (61). Values from
the femoral neck or the total hip are reportedly the most reliable for diagnostic purposes and,
because these measurements are highly correlated, they have similar predictive values for
fracture (2;62).

The T-scores that result from measurements taken at the spine and the hip from the same
individual can be considerably discrepant; the two sites were discordant for a diagnosis of
normal bone density, osteopenia and osteoporosis in 44% of the women in one study (63). The
recommended sites for comparison to norms and for diagnostic purposes have changed over time
and there is persistent disagreement over which site(s) to use for the prediction of fracture risk
(59;60;64). Although there has been a tendency to use the lowest of the measurements at either
the spine or the hip to assess fracture risk in patients clinically, and an endorsement of this
approach by some groups (59;65), a recent analysis of the BMD values from six population-
based cohorts (64) found that selection of the lower of the spine and hip values does not improve
the estimate of risk, either for hip fracture, or for any fracture. The hip value alone is reportedly
a better predictor of hip fracture risk, whilst the hip value and spine value each predict fractures
at other sites equally. A recently published study of a large clinical cohort of women selected
from the population-based database of the Manitoba Bone Density Program reported that
measurements taken at the hip were superior to those taken at the spine for predicting overall
osteoporotic fractures (66). Essentially, the use of the lower of either site increases the

proportion of the population that receives a “below normal” diagnosis without improving the

* The baseline CaMOS data were collected during 1996 to 1997 and feedback of the DXA results to participants and
physicians occurred before, and after, the introduction of the first guidelines on the preferred hip site for clinical
diagnosis. ‘

5 The Osteoporosis Society of Canada is now known as “Osteoporosis Canada”.




predictive value of the DXA test. Furthermore, extraneous calcification can erroneously inflate
BMD measurements at the spine (67;68), as can vertebral compression fractures. Both
calcifications (such as osteophytes) and prevalent vertebral fractures become more common with
advancing age, which means that estimates of BMD at the spine can be subject to greater error,
particularly in men (67;69) and in people over 65 years (49;70). While the use of the hip value
alone for diagnostic, or risk assessment purposes, would appear to avoid the problem of
erroneously elevated spinal values, the dialogue about the preferred sites(s) for clinical practice
is continuing and there remains uncertainty and inconsistency in the preferred site for the

interpretation of bone density tests (71).

2.2.1 Bone Mineral Density and Fracture Risk

Prospective studies have demonstrated that for each standard deviation in BMD value
(hip or spine) below the young adult mean the relative risk of any osteoporotic fracture increases
by approximately 1.5 times in both women and men (55;72;73). Measurements taken at the hip
provide a higher relative risk for fracture at the same site; a hip value that is 1 SD below the peak
young adult mean has been shown to have an associated relative risk for hip fracture of 2.5-3.0
(55;56;74).

Analyses provided by Marshall et al. (56), Johnell et al. (55), and Kanis et al. (64)
included the combined results of several cohort studies to estimate the relative risk of fracture by
BMD.® Interestingly, the risk estimates generated from these studies tended to be the same
whether populations were drawn from Australia, Sweden, Japan, the U.K., the U.S or Canada.
Although a small proportion of the studies had relatively long periods of follow-up, the majority
of the subjects were followed for less than five years; the risk estimates generated from the
cohorts with longer term follow-ups were comparable to those with shorter follow-up periods
(56). Johnell et al. (55) included sufficient subjects followed for 10 years to provide 10-year risk
estimates and found that the predictive ability of BMD remained stable as time elapsed after
measurement for up to 10 years. Risk estimates of the association between BMD and fracture
therefore appear to be stable over time (at least for 10 years), between men and women and
across different populations. Although these authors concluded that the relative risk estimate for
a fracture 10 years after BMD testing was reliable and stable, there was a trend (not statistically

significant) towards a gradual decrease in relative risk as the time between testing and fracture

® Note that the latter two studies overlap; a subsample of the data utilised for the study by Johnell et al. (55) was
used to answer different questions in the study by Kanis et al. (64).
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increased, which suggests that prediction of fracture risk at time periods much longer than 10
years in advance (i.e., for younger men and premenopausal women) may become smaller and
less meaningful. The results of longer-term follow up are not yet available from the large
population-based studies to determine the risk estimates for fracture at a much later age for
young women and men.

Notwithstanding the above mentioned limitations, there is evidence that BMD may be a
“purer” indicator of fracture risk in younger people. In their study of the results of 12 large,
population-based cohorts (a total of 29,082 women and 9,891 men), Johnell and associates
identified a decreasing gradient of hip fracture risk with age; the relative risk for hip fracture for
each 1 SD decrease in T-score decreased from 3.68 at age 50 years to 1.93 at age 85 years in
women and men combined (55). While the relative risk of a hip fracture associated with a lower
BMD may decrease with advancing age, the absolute risk of fracture, however, increases due to
the strong association between age and risk of hip (or any osteoporotic) fracture.

Although BMD testing can detect a risk for fracture, it cannot identify which individuals
will later fracture. The bone density distribution of women with a hip fracture overlaps
significantly with that of women without a hip fracture (75); consequently, the number of false
positives or false negatives will vary depending on the position of the “cut-off” value on the
normal curve. Use of a cut-off T-score of -1.0 to define those who are at higher risk of fracture,
and a relative risk of hip fracture of 2.5 per SD below the mean, for example, results in a
relatively high specificity (approximately 85% of women aged 50 years who will be identified as
“low risk” will not fracture), but a low sensitivity (only approximately 45% of women aged 50
years who will be identified as “higher risk” will experience hip fracture). This results in a
positive predictive value (the probability that a woman aged 50 years who has a T-score of -1.0
will fracture) of only 3.8% (76).” This means that, for a 50-year-old woman without any other
risk factors, neither a negative nor a positive test result is very informative.

The predictive value of a low BMD test result increases when other risk factors for
osteoporotic fracture are taken into account. In one prospective study, Cummings et al.
identified several risk factors that, when combined, predicted the incidence of first hip fracture in
women more reliably than did low BMD alone (77), and the predictive value increased when

BMD was included together with other risk factors. Amongst the risk factors that were

7 The positive predictive value (PPV) of a test depends both on the relative risk and on the prevalence of the disease
in the population. These estimates are based on a 15-year risk of fracture, which has a relatively low prevalence in
women aged 50 years. For women aged 65 years, the PPV using the same cut-off for “high risk” is estimated at
20.1% while the sensitivity and specificity rates are similar to those for women aged 50 years.

13



identified, however, are those that are of little or no value in predicting fracture risk in younger
women and men, such as age > 80 years, inability to rise from a chair without using one’s arms,
poor visual contrast sensitivity, and history of a non-hip fracture since the age of 50 years. It
could be argued that once a fracture has occurred (even non-hip), or once a woman reaches the
age of 80 years and has several other risk factors for fracture (some of which would have been
potentially modifiable at a younger age), most available preventive interventions will be limited
and any preventive efforts have already proven themselves fruitless. Furthermore, although a
woman over the age of 80 years may have a high risk of fracture within 10 years based on a
combination of risk factors, her lifetime risk of fracture may be low once the competing risk of

death within 10 years is taken into account.

2.2.2 Screening by DXA

The value of DXA testing as a screening tool for the identification of those at increased
risk of fracture and the selection of appropriate people for BMD assessment have been
extensively reviewed and debated; there has been particular controversy over whether
perimenopausal women or younger menopausal women should be screened for low bone density
(4;50;78-80).

A WHO study group® (50) determined that bone mass measurements meet many of the
essential criteria of screening tests as outlined by Cadman (83), and that screening of women at
or close to menopause, to help with decisions about uptake of ovarian hormone therapy (OHT),
would be appropriate. It has been argued that if women were more likely to adhere to prescribed
effective therapy after being identified with low bone mass, then general screening in
perimenopausal women may be worthwhile (84). The BC Office of Health Technology
concluded, on the other hand, that even selective screening of those menopausal women deemed
to be at higher risk for osteoporosis was not warranted (4); a lack of information on the uptake
and adherence to therapy and lifestyle change recommendations as well as the low positive
predictive value of a BMD test were cited amongst the many reasons why such screening was
not recommended. It has since been suggested that, even though screening for osteoporosis may
not be justified based on current evidence, developments in therapies and interventions may lead

to re-appraisal of the value of screening in the future (78).

¥ Note that the WHO study group’s report was released before the results of the Women’s Health Initiative (WHI)
revealed that the risks of ovarian hormone therapy may outweigh its benefits (81;82)
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Most reviewers and experts have concluded that the results of a BMD test alone, in the
absence of other risk factors, are not sufficiently predictive of future fracture to justify a
population screening approach in women or men under the age of 65 years. Hence, a case-
finding strategy is generally recommended whereby those at higher risk of having a low BMD,
but also a somewhat higher risk of fracture even when adjusted for BMD, are selected. Variation
among different guidelines, however, leads to large differences in the populations that are

recommended to undergo BMD assessment.

Table 2.1: Risk Factors that Indicate a Need for Osteoporosis Assessment®

Major Risk Factors Minor Risk Factors

- Age > 65 years - Rheumatoid arthritis

- Vertebral compression fracture - Past history of clinical hyperthyroidism

- Fragility fracture after age 40 years - Chronic anticonvulsant therapy

- Family history of osteoporotic fracture (especially - Low dietary calcium intake (<1,500 mg per day for
maternal hip fracture) menopausal women and men over 50 years)

- Systemic glucocorticoid therapy - Smoker

- Malabsorption syndrome - Excessive alcohol intake” |

- Primary hyperparathyroidism - Excessive caffeine intake (>4 cups coffee per day)

- Propensity to fall - Weight <57 kg

- Osteopenia apparent on X-ray film - Weight loss > 10% of weight at age 25 years

- Hypogonadism - Chronic heparin therapy

- Early menopause (before age 45 years)

* From Brown et al. (85).
® A definition of “excess” alcohol was not provided by the panel.

The Scientific Advisory Council for Osteoporosis Canada recommends that all women
and men over the age of 50 years be assessed for risk factors for osteoporosis and that those with
one major or two minor risk factors (see Table 2.1) be assessed for low BMD (85;86). Notably,
according to these guidelines, all women and men over age 65 years should receive a DXA test
and lifestyle factors such as being a smoker, or having a low calcium intake, or high caffeine or
alcohol intake, are considered sufficient as minor risk factors to warrant a BMD test.

The Canadian Task Force on Preventive Health Care recommends screening all women
over age 65 years and menopausal women under 65 years in the case of a previous fragility

fracture, weight less than 60 kilograms (kg), or certain other risk factors (a white woman aged 50
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years who weighs 54 kg would meet the criteria for BMD testing by these recommendations)
(87). A low calcium intake is considered sufficient indication by itself for a referral for a BMD
test by the WHO Task Force for Osteoporosis, as are other commonly accepted risk factors such
as a maternal history of risk fracture or prolonged corticosteroid therapy (88). In the U.S,, the
National Osteoporosis Foundation endorses a more preventive approach by recommending
screening of all menopausal women with at least one major risk factor. Major risk factors
include a history of a fragility fracture, a family history of fracture, low body weight, history of
use of corticosteroids, and current smoking. Additional risk factors are also listed as potential
indications for assessment, including poor health, low calcium intake and low physical activity
(89). The European Foundation for Osteoporosis and Bone Disease’ guidelines for case finding
include the requirement of the presence of at least one specific risk factor, such as loss of height,
low body mass index and history of corticosteroid therapy, but include the acknowledgement
that physicians may need to manage patients who have no kﬁown risk factors who would take
treatment if their BMD were low (i.e., that BMD testing may be recommended to help women
with decisions about taking OHT) (90).

There is evidence that a significant number of wémen who do not meet the screening
guidelines are requesting and attending DXA tests. There are a variety of clinical practice
guidelines that address criteria for referral for a DXA test in the U.S, for example, and adherence
to these guidelines is reportedly low amongst health-care providers (91). In England, 30% of
women who were referred by one clinic did not meet the guidelines for referral in that country
(92). The most common reason for a referral for DXA testing amongst a different sample of
3,530 British women was to help in decision making about taking OHT use (93). A qualitative
study of general practitioners (GPs) in the U.K. revealed that physicians have difficulty deciding
for whom and when to order BMD tests and that factors other than existing guidelines, such as
patients’ requests and perceived availability of DXA machines, influence these decisions (94).
A similar qualitative study of family physicians (FPs) in Ontario, Canada revealed that FPs lack
a rationale for ordering BMD tests (95). Flexible referral patterns are likely to be occurring in
Canada, where a significant proportion of mid-aged women (under 65 years) are receiving DXA
tests (4;44;96). It is believed in fact, that “mass screening” methods have been used to some
extent throughout the world (72).

It should be noted that few guidelines exist for BMD assessment in men and

premenopausal women. On behalf of the ISCD, Khan et al. (97) recommended that senior men

? Now known as the International Osteoporosis Foundation.
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should be assessed by BMD measurement and that younger men and premenopausal women
should be assessed in the presence of secondary causes of low BMD in conjunction with other
risk factors for fracture (i.e., secondary causes of osteoporosis or a fragility fracture must be

present).

2.3 Non-Modifiable Risk Factors for Qsteoporosis
2.3.1 Age and Gender

There is no disputing that advancing age and female gender are the most significant
independent risk factors for osteoporosis (98-101). Compared with women in their 50s, women
in their 60s have twice the risk of osteoporosis and women over 70 years have 4 times the risk of
osteoporosis (102). Results from longitudinal studies have revealed that men lose approximately
5-10% of their cortical bone mass each decade and that the incidence of hip fractures in men
increases exponentially with age just as it does in women (103).

The 10-year probability of hip fracture for a Canadian woman at age 50 years is
approximately 0.4%, at age 60 years it is 1.5%, at age 70 years it is 4.7%, and at age 80 years it
1s 13.7%. For men, the pattern is similar, but with approximately half the risk relative to women
of the same age; at age 50 years the risk of hip fracture for a Canadian man is 0.3%, at age 60
years it is 0.9%, at age 70 years it is 2.1%, and at age 80 years it is 6.2% (104). The rates in men
are about five years behind those of women, so that a man at age 70 years has the same risk of
hip fracture as an average woman at age 65 years (105). Rates for clinically diagnosed vertebral
fractures in women and men also increase with age, but more linearly and with a consistent ratio;
after the age of 50 there is a 2:1 incidence of fractures in women compared with age-matched
men (99;106;107).

Age-adjusted mortality and reduction in life expectancy following fracture are
comparable in men and women, although the proportion of years of life lost attributable to hip
fracture is even greater in men because of their shorter life expectancy (19). Although age is the
strongest determinant of fracture risk, as a non-modifiable risk factor that applies equally to the
whole population up until death, it is of limited value for the prediction of an individual’s future
fracture risk. Age is of much greater value when it can be combined with other factors

associated with an increased or decreased risk of fracture.
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2.3.2 Attainment and Maintenance of Peak Bone Mass

Osteoporosis is brought about by a gradual loss, or resorption, of bone over time after
peak bone mass has been attained. The exact age at which peak bone mass is reached appears to
vary by skeletal site, but the results of cross-sectional studies of bone mineral content suggest
that bone accrual slows considerably after thé age of 15 to 16 years in girls and 18 years in boys
(108;109). Bone mass then begins a noticeable natural decline as the rate of bone resorption
starts to exceed the rate of bone formation; the age at which this decline first becomes evident
varies considerably between sites and has been inconsistent between studies. Cross sectional
data from the CaMOS women and men suggest that a decline in femoral neck bone density may
be evident as early as the end of the third decade but lumbar spine bone density may remain
constant until the end of the fourth decade (47). Regardless of the uncertainty about the age at
which peak bone mass starts to decline, it is presumed that the higher the peak bone mass, the
longer it will take for this decline to take place with age. Low bone density in mid-aged women
and men reflects both the maximum amount of bone mass achieved and the loss of bone after
attainment of peak bone mass.

In addition to genetics, there are many factors that are known, or believed, to influence
~ the attainment and maintenance of peak bone mass (or “full genetic potential” for bone strength
as defined by Heaney et al. (110)). Many of the factors that play a role in attainment and
maintenance of peak bone mass can be categorized as those that influence reproductive and other
hormone (such as cortisol) concentrations. Late age at menarche, early age at pregnancy,
irregular menstrual cycles and amenorrhea secondary to excessive leanness, intense physical
activity, or anorexia nervosa, for exampie, have all been associated with lower peak bone mass
(110;111). Sub clinical ovulatory disturbances as a result of lower progesterone production (i.e.,
anovulatory cycles or cycles with a short luteal phase) have also been linked to bone loss from
the spine in premenopausal women (112;113). Other experiences that are reported to disrupt the
hormonal milieu and potentially lead to reduced bone mass include dietary restraint (114-116)
and intense exercise (112;117). Low bone density may also result from the use of oral
contraceptive agents (OCAs); a recent analysis of the premenopausal women in the CaMOS
cohort revealed that those who had ever used OCAs had lower BMD measurements at the spine
and trochanter than did women who had never used OCAs (118). The effects of OCAs on

premenopausal bone is not conclusive however, as both increases and decreases in BMD have

been reported (119). Although there have been reports of an association between a history of




OCA and increased risk of fracture (120;121), these studies have included only limited
adjustment for potential confounders.

Apart from hormonal influences, strength, mobility or bone-loading, and alterations in
nutrition (particularly sufficient calcium and vitamin D, but also phosphorus, protein and other
nutrients) and lifestyle (such as tobacco use and possibly alcohol use) play a role in the
attainment and maintenance of peak bone mass (111). Gains and losses in weight (or “weight
cycling”) also put premenopausal women at risk for reduced BMD (122) and have been
associated with increased risk of hip fracture in older women and men (123).

After the achievement of peak bone mass both men and women lose approximately 0.5-
1.0% of bone per year, although there is considerable variation between individuals. In addition,
there is a phase of more rapid loss during and soon after the menopausal transition (see below) in
women. Both men and women may therefore become osteoporotic, with age being a prominent
risk factor and women losing bone earlier and more extensively than men. Other risk factors
combine with this decline in peak bone mass to bring about a certain level of risk for fractures at
an older age. The changes are much more evident in trabecular bone than in cortical bone due to
the higher metabolic activity in the former consequently the sites where trabecular bone
predominate (the vertebrae and at the ends of long bones) are the most frequently affected by
fragility fracture.

By the age of 40 years, women and men have achieved their peak bone mass and, in fact
their bone mass is likely to already be on the decline, particularly at vulnerable sites such as the
hip. Apart from age and gender, there are several other non-modifiable risk factors for

osteoporosis that mid-aged people may possess.

2.3.3 The Menopause and Women’s Reproductive Hormones

An accelerated rate of bone loss is associated with changes that occur during the first five
to ten years of menopause in women (2;124); this is believed to be associated with low estrogen
levels (125). Many studies have demonstrated that this amplified rate of bone loss actually
begins before menopause, in the perimenopausal years, as hormone levels begin to fluctuate and
ovulatory disturbances become more prevalent, and that bone loss during the perimenopause
may even exceed that in the early menopause years (126-130). Menopause, or perimenopause,
has also been directly associated with an increased risk of fracture in mid-aged women: In the
Kuopio Osteoporosis Risk Factor and Prevention Study, a population-based retrospective cohort

study of 14,220 women aged between 47 and 56 years, a comparison was made between the 49%
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of women who were menopausal (defined, rather liberally, as at least six months since last
menstrual period) by the start of the study period and the remaining women who were grouped
together and inconsistently defined as premenopausal or perimenopausal (although this group
also included women who were taking hormone therapy). Increased fracture risk in the five year
window was associated with being menopausal when adjusted for age, weight, height and other
gynaecological factors (131). Due to the young age of this cohort, however, many of these
women who were classified as menopausal (i.e., between the ages of 42 and 51 years) would
have been very recently perimenopausal and the results seem to implicate perimenopause, rather
than menopause, as a risk factor for fracture in the fifth or sixth decade of life.

An increased duration of exposure to gonadal hormones in women tends to provide
protection against low BMD and fracture. Exposure is increased by earlier menarche and by
later menopause; although the former.may have a greater relative influence on risk of fracture in
later life (132). Increasing age at menopause has been found to be associated with reduced risk
of fracture by some authors (133-135), while others have found that it is not predictive once
other important confounders are taken into account (136-140).

Surgical menopause represents a variation on early menopause, but also involves the
abrupt cessation of estrogen release from the ovaries, which confers an even greater risk for
osteoporosis than the gradual change in hormone levels that accompanies natural menopause
(141-145). Hysterectomy (without ovariectomy) has also been tentatively linked to an increased
risk of osteoporosis (144;146); it has been suggested that indications for hysterectomy, such as
ovulation disturbances and high estrogen levels that in turn are related to menstrual bleeding
problems, may be instrumental in an increased risk in hysterectomized women (127). Given that
there are serious disparities in the rates of hysterectomy, for various indications, across
educational and socioeconomic strata (147;148), hysterectomy may well be linked to an

increased osteoporosis risk through both biological and sociocultural pathways.

2.3.4 Race or Ethnicity

There are significant differences in the bone mass and the fracture risk of women and
men of different racial or ethnic groups. African American women aged 50 and over, for
example, have a lower risk of osteoporosis than non-Hispanic white women (102); African
American women appear to attain a higher peak bone mass than white women of an equivalent
weight (149;150), and also lose bone less rapidly during early menopause (150). Associated

age-adjusted hip fracture rates are approximately 50% lower in African American women than in
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white women (151). Similarly, African American men have a lower rate of prevalent vertebral
fractures than do white men (152). Overall, white women and men are at the highest risk of
osteoporotic fracture (153;154); hip fracture rates are highest in whites living in North America
and Europe, intermediate in Asian populations and lowest in black populations. Although hip
fracture rates have been found to be somewhat lower in Asian, compared with white, women and
men (155;156), bone densities have typically been found to be equivalent in the two populations

(102;157), which implicates a role for factors independent of bone density.

2.3.5 Bodyv Mass Index

Even though body mass index (BMI) (or specifically the weight component of BMI) is
potentially modifiable, a low BMI is typically treated as a “marker” or a non-modifiable risk
factor for osteoporosis in mid-aged or older women and men; a larger body size is believed to
have a protective influence. There are well known serious risks'® of other diseases that are
associated with excess weight or obesity and the associations between BMI, loss or gain of
weight, weight cycling, and BMD and fracture risk are complex. Thus, it is not surprising that a
recommendation for an increase in BMI is not prevalent in clinical practice or in the literature as
a potential osteoporosis prevention or treatment intervention for those considered at risk for
osteoporosis due to low BML.

The evidence for the association between low body mass index (BMI), or weight, and
increased risk of fracture, independently of age and sex, is consistent (102;154;158-160). De
Laet et al. (161) recently analysed the combined international data from 12 prospective
population-based cohotts and confirmed that low BMI is a reliable predictor of fracture risk at
the hip and other sites in both women and men and that this association is independent of age.
Low BMI is also associated with low BMD (162;163) but at low values of BMI (<20 kg/m?),
BMI predicts fracture risk independently of BMD; the association between BMI and fracture risk
does not appear to be independent of BMD at greater values of BMI (161).

Although weight gain during adulthood appears to be protective for osteoporosis and
fracture (77;158;164), a history of variability in weight (or weight cycling), irrespective of BMI,
is associated with a low BMD or higher risk of hip fracture (122;123). Weight loss (>10% of
maximum body weight) is associated with an increased likelihood of low BMD and fracture risk

(123;165;166).

' Health problems that are associated with excess weight and obesity include hypertension, cardiovascular disease,
type 2 diabetes and some cancers.
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2.3.6 Familv History

The risk of osteoporosis and fracture is greater for people with a family history of
osteoporotic fracture. Perimenopausal and menopausal women with a family history of
osteoporosis are at increased risk of osteoporosis-and fracture (77;102;146;163) and
premenopausal women with a family history of osteoporosis have been found to have lower
BMD and may experience a greater loss of bone density over time (162;167;168). Men with a
maternal history of fracture also have lower BMD (154;169). A meta-analysis of seven
international prospective cohort studies confirmed that family history of fracture, particularly hip
fracture, is associated with increased risk of osteoporotic fracture in both women and men and

that the associated risk is independent of BMD (170).

2.3.7 Chronic Illness

A history of certain chronic illnesses, including rheumatoid arthritis, anorexia nervosa or
eating disorders, malabsorption syndromes (such as inflammatory bowel disease, Crohn’s
disease, chronic liver disease), renal disease, hyperparathyroidism, hyperthyroidism and
Cushing’s syndrome has been included in some position papers, consensus statements and
guidelines as a potential risk factor for fracture or low bone density (85;87;89;171;172).

Based on a systematic review of the available literature up to 1997, Espallargues et al.
identified anorexia, type 1 diabetes, primary hyperparathyroidism and pernicious anaemia as
“high” risk factors for osteoporosis, and hyperthyroidism, type 2 diabetes and rheumatoid
arthritis as “moderate” risk factors (160). There is reasonable evidence of an increased risk of
fracture in both women and men with a histor)f of rheumatoid arthritis; this association persists
even when prior corticosteroid use is taken into account (173;174). A history of anorexia
nervosa is a well established risk factor for decreased bone density and fracture (175-177).
While the evidence for a relationship between bulimia and low bone density has been suggested
(178) it seems likely that associations observed in early studies can be explained by comorbidity
with anorexia (177;179).

Osteoporosis guidelines have not generally included diabetes as a risk factor, although
type 1 diabetes has been identified as a risk factor for decreased BMD and assoctated fracture
and for low BMD (180-182). An increased BMD in women and men with type 2 diabetes was
identified, while controlling for BMI, in a cross-sectional analysis of the CaMOS cohort (183).

An association between increased BMD and type 2 diabetes has been similarly reported, while
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taking BMI or weight into account, by others (184-186) although type 2 diabetes has also been
found to be associated with increased risk of fracture (185). A prospective cohort study of risk
factors for incident low trauma fracture in middle age (44 to 50 years) identified diabetes (type
not specified) as a major risk factor for fractures of the hip, vertebrae, and forearm in men and
women, the other chronic conditions that were considered by these authors, and not found to be
associated with increased risk, were angina, cancer and hypertension (187;188). Even though
risk ratios varied somewhat, the overall risk factors for men and women were found to be very
similar (187;188).

The greatest bulk of the evidence for the role of a history of chronic conditions has been
derived from studies of women and there is relatively little information on the association
between a history of chronic conditions and fracture in men. Still, risk factors for osteoporosis in
men are often assumed to be the same as those in women for practical purposes (86;189) and
there is no reason to expect the impact of chronic illnesses, or medications, on bone to be

qualitatively or quantitatively different in men compared with women (103). -

2.3.8 Exposure to Medications

Certain medications, particularly anticonvulsants and oral or inhaled corticosteroids,
have been associated with increased risk of osteoporosis and fractures. Oral corticosteroids are
considered to be an established risk factor for osteoporosis and fracture (85;190); this robust
association is independent of age, gender and underlying disease (174;191). Use of inhaled
corticosteroids has also been associated with decreased bone mineral density (192;193), although
the association between inhaled corticosteroids and risk of ‘fracture is less consistent (192;194).
Anticonvulsant use has been associated with an increased risk of fracture in women and men
(77;195;196); this association may be partly explained by seizures (197) but there is also
reasonable evidence of a direct, deleterious effect of these medications on bone density (198-
202). In their systematic review of studies of risk factors for fracture, Espallargues et al.
classified the history of use of corticosteroids as a “high” risk factor (i.e., previous studies had
found an associated relative risk or odds ratio of 2 or more); a history of use of anticonvulsants
carried a similarly high risk for fracture (160).

Evidence for the effects of other medications on fracture risk, including diuretics, thyroid

hormone therapy, and anti-ulcer agents has been less consistent (160).
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2.3.9 General Health and Socioeconomic Status

Although general health, education and socioeconomic status are not typically considered
to be risk factors for osteoporosis or fracture, these factors have been observed to be associated
with this risk, just as they are with other chronic conditions, and can therefore serve as indicators
of those at greater risk. Poor self-rated general health is associated with low BMD (203;204)
and is predictive of future fracture in both men and women (28;77;187;188). A case-control
study of menopausal women in Sweden revealed that, even when other relevant risk factors were
taken into account, women who had experienced a hip fracture were more likely to have a lower
household income, to have lived in more crowded housing or to have lived without a partner in
the three decades preceding the fracture; education level, on the other hand, was not associated
with hip fracture risk (in unadjusted or adjusted analyses) (205). In contrast, an earlier case-
control study of menopausal women with hip fracture in Southern Europe found a protective
effect of more education (206). |

Two separate population-based studies in the U.S. that relied on estimated
neighbourhood incomes (generated from postal codes) as a proxy for individual socioeconomic
status identified a link between higher rates of hip fracture in women and men and lower
neighbourhood socioeconomic status (207;208). Further, these disparities in risk were apparent
even when other potential confounders such as self-reported race or ethnicity and estimated

fluency in English were taken into account (208).

2.3.10 Previous Fracture

A history of a low trauma fracture is associated with an increased risk of another fracture
(146;209;210). A review of studies of the risk associated with previous fracture (211) and a
recent international meta-analysis of 11 cohorts that included the data from 15,259 men and
44,902 women (212) both reported that the risk of fracture is consistently about twice as high in
people with a prior fracture compared with those with no prior fracture. Furthermore, this
association is evident in both women and men, it is independent of BMD (211;212) and the risk

of subsequent fracture increases with the number of prior fractures (i.e., the relationship is dose

dependent) (211).

2.4 Modifiable Risk Factors and Medical Therapy

Certain risk factors for osteoporosis, including older age, female gender and “white” race

are not modifiable. Several modifiable or lifestyle factors are, however, believed to play a role
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in bone loss after peak bone mass has been achieved. Information about the role of these risk
factors in minimizing the rate of bone loss is typically giveh by family physicians or other
specialized sources, such as Osteoporosis Canada, to individuals who are considered to be at risk
for fracture or who have been diagnosed with osteoporosis. A sufficient intake of calcium and
vitamin D, by diet or by supplements is advised as well as regular participation in weight bearing
exercise (such as walking, running, aerobics), abstinence from tobacco smoking and a restriction
of alcohol consumption to a maximum of two drinks a day. Some sources also suggest
restricting caffeine intake to less than four cups of coffee per day. Variations in lifestyle appear
to be associated with significant differences in risk for fracture and may account for a large
component of the risk (132), which suggests that successful modification of unhealthful
behaviours would contribute to a reduction in fracture risk. Modifiable risk factors, or health
behaviours, may be particularly targeted amongst those who receive low BMD test results and
have a greater relative risk of fracture.

Ovarian hormone therapy (OHT) acts by both slowing bone resorption and stimulating
new bone formation and has been recommended, and has been offered in the past, to menopausal
women as a common method of preventing and treating osteoporosis (213). OHT is no longer
endorsed as a preventive option however (85;214) since the results of the Women’s Health
Initiative (WHI) revealed that the risks of OHT may outweigh the benefits (81;82). Currently
available treatments for osteoporosis include bisphosphonates, raloxifene, calcitonin and
teriperatide. Three bisphosphonates are approved for the treatment or prevention of osteoporosis
in Canada; etidronate, alendronate and risedronaté. These medications act by binding to the
surface of bone and slowing the activity of the (bone resorbing) osteoclasts. Bisphosphonates
are indicated for the prevention and treatment of osteoporosis in men, menopausal women and
individuals who are taking steroid medications. Calcitonin, a thyroid hormone, is indicated for
the treatment (but not prevention) of osteoporosis and also acts by slowing down osteoclast
activity. Raloxifene’s effects on bone are similar to those of estrogen and it is indicated for the
prevéntion and the treatment of osteoporosis in menopausal women. Teriperatide, a parathyroid
hormone analog, activates the (bone building) osteoblasts and is approved for treatment of

menopausal women and men with severe osteoporosis who do not respond to or cannot tolerate

other osteoporosis therapies.




2.4.1 Calcium

There is a vast literature on the role of calcium on bone health and osteoporosis, and

there is substantial evidence that sufficient dietary calcium is necessary to maintain bone mass
and to protect against osteoporosis. The benefits of increased dietary calcium or the addition of
calcium supplements to fracture risk in mid aged women or men are less certain however.

A meta-analysis of controlled trials published in 1990 by Cumming showed that the rate
of bone loss was reduced by about 50% in menopausal women taking calcium supplements and
that calcium supplementation appears to be most effective when there are low baseline intakes of
calcium (i.e., there is a threshold effect), at an older age and when BMD is lower or there is
clinical evidence of osteoporosis (215). In a more recent summary of randomised controlled
trials (RCTs) and observational studies of children, adolescents, adult women and a few studies
that included men, Heaney concluded that increased calcium intake was clearly effective at
improving bone health. More than 90% of the RCTs reviewed and three quarters of the
observational studies reported reduced or arrested bone loss at some skeletal site or decreased
fracture risk (216). Studies of women in the early menopausal years generally found smaller
effects on bone mass than those of premenopausal or later menopausal women (216). Even
though it is unlikely that a woman in her perimenopausal or early menopausal years can take
enough calcium (either through diet or supplements) to restore the accelerated bone loss that
occurs during this time, the goal is to achieve sufficient calcium intake that bone loss is
minimized and to ensure that insufficient calcium is not one of the factors that contributes to a
decline in BMD.

Although the relationship between calcium intake and fracture risk has been elusive in
many observational studies (217-219), randomized clinical trial data have tended to demonstrate
an association between increased calcium intake and decreased risk of fracture in menopausal
women. A Cochrane review of clinical trials in menopausal women, published up to 2001,
concluded that calcium supplementation had a clear positive effect on bone density, and there
was a trend towards a reduction in risk for vertebral fractures, while the effect on non-vertebral
fractures was uncertain (220).

Results from the WHI randomized double blind placebo controlled trial of calcium and
vitamin D on fracture risk in menopausal women were recently reported (221). Whereas BMD
was significantly higher in the treated group, there were no significant differences in hip or non-
hip fracture rates in the intention to treat analysis. Comparison between only those who adhered

to therapy did, however, reveal a significant protective effect of supplementation on hip fracture.
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As seen in other studies, effects were greater in older women, in those who were not taking
additional calcium supplements and in those who had low baseline intakes of calcium (<800
mg/day) from all sources. Very few of the women in this study had a low intake of calcium and
further supplementation was allowed in both arms of the study; the average intake of calcium at
baseline was over 1,000 mg per day, which means that women in the treatment group were
taking over 2,000 mg per day on average. An increased risk of kidney stones was observed in
the calcium and vitamin D treated group, which also reflects the particularly high calcium intake
levels. Thus, while these results indicate that calcium supplementation has no impact on
fractures in healthy women who already have adequate intakes of calcium, the study results also
demonstrate that there are potential benefits for women with low dietary calcium intake (221).

A low dietary calcium intake has been documented as a significant risk factor for low
BMD in observational studies of middle-aged men (222;223), but there is a distinct lack of
clinical trials that have assessed the impact of calcium supplementat{on on men. The results from
one prospective study of men aged 30 to 87 years indicated that calcium supplementation for
three years in those with a high baseline calcium intake (mean = 1,159 mg/day) has no effect on
BMD change (224) and a randomized controlled trial that included just over 800 elderly men
with previous fractures who were followed for up to five years found that calcium (combined
with vitamin D) was not effective at preventing a further fracture (225). The potential long-term
effects of calcium supplementation in mid-aged men on fracture risk are unknown.

There is evid)ence that calcium supplementation may interact with other interventions
such as OHT and other medications (226;227), even during the period of rapid bone loss in
women. A retrospective cohort study of early menopausal women taking OHT, for example,
found that those who took calcium supplements in addition to OHT lost less bone mass over the
two year study period than women on OHT alone (226). A review of clinical trials of OHT that
compared studies that had administered OHT plus calcium supplements or diet modification to
those that administered OHT only concluded that significantly greater increases in bone mass
were seen in menopausal women with higher calcium intakes. There was also some evidence of
a similar potentiation by calcium of the effect of calcitonin (227).

Despite the variable evidence of its influence in some subgroups, calcium is
recbmmended as a necessary adjunct to therapy for osteoporosis in both women and men, and
essential levels of calcium intake are advised for the prevention of osteoporosis in pre-, peri- and
menopausal women, and in men (85;228). A statement prepared at the 1993 Consensus

Conference of the Osteoporosis Society of Canada concluded that dietary calcium was
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ﬁnambiguously important for bone health and recommended an optimum minimum intake as a
preventive measure against osteoporosis of 1,000 mg/day of calcium for women and men aged
19 to 49 years, and between 1,000-1,500 mg/day for women and men aged 50 years and over
(229). Clinical practice guidelines available in Canada in 1996 (at the time of the CaMOS
baseline) recommended that adults obtain between 1,000 and 1,500 mg of calcium per day for
“optimal bone health” (230). Osteoporosis Canada recommendations for daily intake of calcium
for the prevention of osteoporosis are now 1,000 mg/day for premenopausal women and for men
between the ages of 18 and 50 years, and 1,500 mg/day for menopausal women and men over 50
years (228). Health Canada and the Institute of Medicine recommend 1,000 mg/day for those
aged between 19 and 50 years and 1,200 mg/day for those aged over 50 years (231).

2.4.2 Vitamin D

A deficiency of vitamin D is known to lead to below optimal calcium absorption and to
increased parathyroid hormone excretion, which in turn stimulates osteoclast activity and
increased bone loss (232); adequate amounts of vitamin D are necessary for bone health.
Synthesis in the skin by UV light is a major source of vitamin D, but a significant portion of
vitamin D is derived from diet, particularly during the winter or in parts of the world where sun
exposure is more limited (233). Other factors that are associated with decreased synthesis of
vitamin D in the skin are use of sunscreen, greater melatonin pigmentation-and advancing age
(234;235). It is believed that suboptimal dietary intake of vitamin D contributes to accelerated
loss of bone mass and may also be associated with increased fracture risk (49;234). Vitamin D
inadequacy (or low levels of vitamin D intake) have been linked to increased fracture risk in
cross-sectional (236) and prospective (237) studies of menopausal women. Studies in Europe
and North America, including Canada, have demonstrated that vitamin D insufficiency is
prevalent in the middle-aged and in the elderly (233-235;238;239), which suggests that
supplementation of vitamin D may be required for optimal bone health for many people, éyen in
middle age. |

Results from intervention studies have indicated a reasonably clear benefit of vitamin D
supplementation on bone mass and fracture risk in older menopausal women, but the evidence
for an effect in perimenopausal or early menopausal women, or in younger men is less

consistent.
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In a placebo controlled study of healthy menopausal women (mean age 62 years),
treatment with 400 TU/day of vitamin D;'' slowed the normal seasonal bone loss and increased
bone remodelling that occurs in the winter months (242). A later study by the same authors
compared vitamin D3 supplements of 100 IU per day to 700 IU per day and found a dose
response effect; the higher dose was more effective at slowing bone loss in menopausal women
(243). A trial that compared three groups of women and men randomized to either vitamin D3
supplements, calcium supplements or placebo reported that bone loss at the hip in the vitamin D;
treated group over four years was half way between the calcium and placebo treated groups
(244), but not significantly different from either. The baseline level of vitamin D in these
women and men (who were all aged 60 years or over) was relatively high, which suggests that
suppleméntation in people with higher levels of vitamin D may have less potential benefit.

Fracture risk appears to be reduced with vitamin D supplementation in older women and
possibly in men, although many of the trials of vitamin D supplementation have included
calcium supplementation so that the effects of each cannot be separated. Trials in non-
institutionalized women and men aged 65 years and over (245) and in healthy ambulatory elderly
women (246;247), for example, have shown that supplementation of vitamin D3 together with
calcium supplementation reduces the incidence of hip (246;247) or other non-vertebral fractures
(245;246). On the other hand, vitamin D5 supplements, alone or combined with calcium, were of
no measurable benefit in preventing further fracture in a large trial of vitamin Ds
supplementation for elderly women and men with a previous fracture (225). Overall, the balance
of the evidence suggests that vitamin D supplementation is beneficial for older women and men:
A recent meta-analysis of vitamin D3 supplementation in ambulatory or institutionalized people
aged 60 years or over concluded that supplements of 700 to 800 IU per day were effective at
reducing hip and non-vertebral fracture risk in this population, but 400 IU per day was not
effective (248). An earlier review and meta-analysis of placebo controlled trials of various
forms of vitamin D3 therapy in menopausal women concluded that vitamin D supplementation is
effective at reducing the risk of vertebral fracture (249). It is plausible that supplementation is of
more benefit when baseline intake of vitamin D is low or suboptimal. As pointed out by the
authors of one meta-analysis (249), very few authors have documented baseline levels of vitamin

D intake which limits the assessment of this potential explanation.

"' Vitamin D supplements are available in two separate forms, as Vitamin D, (ergocalciferol) and as Vitamin Ds
(cholecalciferol). Vitamin D; is now known to be a more potent and effective form of Vitamin D in the human body
(240;241). The majority of intervention trials of the effects of Vitamin D on bone have used Vitamin D, even
though Vitamin D, has been the more readily available form in prescriptions in North America.
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Intervention studies of vitamin D therapy on BMD in early menopausal women and
younger men have not shown significant effects. Loss of BMD at the lumbar spine or femoral
neck was no different over five years in early menopausal non-osteoporotic women treated with
low dose vitamin D3 compared witlh placebo (250), although the dose of vitamin D3 was likely
insufficient to confer a benefit and it is not known whether selection of high risk women would
have shown different results. Likewise, a twin study of young menopausal women (with a mean
age of 59 years) to determine the effects of larger supplements of vitamin D3 (800 IU per day)
found no effect on BMD after two years of treatment (251). A randomized controlled trial of
vitamin Dj supplementation combined with calcium in normal healthy men aged 30 to 87 years
also found no impact of the combined therapy compared with placebo after three years (224).
The effects of vitamin D supplements on subgroups of younger women or men with either low
baseline BMD or low baseline vitamin D levels are unknown.

Although there is only limited evidence that vitamin D supplementation alone is
sufficient as a therapy for osteoporosis or to prevent fracture, adequate vitamin D is still
recommended as an essential adjunct to preventive therapy and treatment for osteoporosis
(85;228), and a dietary intake of between 400 and 800 IU of vitamin D per day was
recommended for people with osteoporosis by guidelines and statements published by the
Scientific Advisory Board of the Osteoporosis Society of Canada during the time that the
CaMOS study began (229;230). Dietary sources of vitamin D are considered necessary in
Canada because sun exposure is not sufficient to provide the full vitamin D requirements.
Osteoporosis Canada’s recommended intake level for vitamin D (from diet and supplements
combined) for all men and women under 50 years of age is now 400 IU per day; this
recommended requirement increases to 800 IU per day for men and women over 50 years of age
(85;228). Joint guidelines provided for the Canadian and U.S. public from the Institute of
Medicine and Health Canada (231) list somewhat lower dietary reference intake values for
Vitamin D; 200 IU per day for men and women aged 19 to 50 and 400 IU per day for those aged
51to 70 years.12

2.4.3 Exercise

Exercise plays a role in reducing bone loss or enhancing bone gain and, in people who

have been diagnosed with osteoporosis, the benefits of exercise are believed to include an

'2 Health Canada’s website now notes that these 1997 values may underestimate Vitamin D requirements and
recommends that all women and men aged 50 years and over should take a daily Vitamin D supplement of 400 TU
per day in addition to following Canada’s Food Guide (252)
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indirect protection against fractures by improving mobility and muscle strength and by reducing
the risk of falls (253). A statement paper prepared at the 1995 consensus conference of the
Osteoporosis Society of Canada concluded from a review of the available evidence that regular,
moderate physical activity as a therapy for people with osteoporosis was warranted (254). In the
same year that CaMOS began, Canadian guidelines for the management of osteoporosis from the
Scientific Advisory Board of the Osteoporosis Society of Canada were published that included
the recommendation of regular participation in an exercise program as part of a treatment
regimen for osteoporosis (230).

The weight of evidence from cross-sectional and prospective non-randomised studies
indicates that current or recent exercise has a protective effect on bone mass as well as on
fracture risk in women and men (102;107;154;159;255—25 8). Even though this protective effect

has not been consistently found, either for BMD (162;259) or for fracture risk (139;260),
| physical inactivity is clearly considered a “high” risk factor for osteoporotic fracture (160).

A Cochrane review of randomized controlled trials to assess the effects of exercise in
preventing and treating osteoporosis in menopausal women was published in 2002 (261). This
review included 18 studies (only one of which included fractures as an outcome) with a total of
1,423 participants. The authors concluded that aerobic exercise, resistance exercises and
walking were all more effective than no prescribed program of exercise for reducing loss of
BMD at the spine, while walking was effective at the hip. A similar meta-analysis that was
published two years earlier and included all but two of the studies in the Cochrane review, as
well as an additional eight RCT studies in premenopausal women, reached a similar conclusion
about the effects of exercise in premenopausal women; the relative effectiveness of exercise on
spinal BMD was comparable in premenopausal and menopausal women (262).

The potential impact of exercise therapy on fracture risk is less definitive. A recent
review of trials that included exercise therapy as an intervention and fracture as an outcome
identified only a handful of trials that met the eligibility criteria: subjects who would typically be
considered at high risk for fractures (including all elderly people and menopausal women),
fracture as an outcome and follow-\up longer than eight weeks. Three trials of exercise in mid-
aged populations were identified; all three included menopausal women. A meta-analysis of
these three trials, which incorporated only 322 women when combined, showed a non-significant
reduction in spinal fractures with the intervention (RR = 0.52, 95% CI =0.17-1.60). The
authors concluded that it is still unclear whether exercise interventions reduce the risk of fracture

and that more RCTs are required to evaluate their effectiveness (263). RCTs of exercise
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interventions have tended to be small, of short duration and are challenged by high rates of non-
compliance or drop-out.

Despite the dearth of evidence from prospective studies for the effectiveness of exercise
interventions on fracture risk, there is no doubt that the potential physical and mental health
benefits of regular exercise in mid-age reach well beyond osteoporosis and fracture prevention.
Current Canadian guidelines recommend that women and men should be encouraged to

participate in exercise as a preventive measure against osteoporosis (85;87).

2.4.4 Smoking

The majority of studieé that have investigated the effects of smoking on bone have found
a positive association between smoking and reduced BMD (154;158;258;264) as well as
increased fracture risk (107;159;219;255); but other studies have found no association between
smoking and fracture risk (139;265). The effects of smoking on bone may be modified by other
factors; there is evidence that smoking has a greater effect on BMD or fracture risk in those with
a lower BMI (266), advancing age (267) and male gender (158) and that there is an interaction
between smoking and OHT use in menopausal women (264;268). A recent meta-analysis of
smoking and risk of fracture in men and women from 10 prospective cohorts, including CaMOS,
showed that current smokers were at greater risk of low trauma fracture compared with non-
smokers and that this association was partly independent of BMD and BMI. Further, the relative
risk of smoking was greater in men than in women for osteoporotic fracture at sites other than
the hip, but the relative risk for hip fracture was comparable between men and women (269). An
_ earlier meta-analysis of 19 cohort and case control studies and 29 cross-sectional studies reached
a similar conclusion; smoking was associated with lower BMD and with fracture in menopausal
women and this association was independent of low BMI and less exercise participation (267).
These authors estimated that 13% of hip fractures in women are attributable to smoking and that
the relative risk of hip fracture in smokers compared with non-smokers increases with advancing
age. Similar patterns were observed in men, although the data were limited (267).

The effects of smoking on BMD and on fracture risk are greater in current smokers than
past smokers (264;267;269;270), which suggests that smoking cessation has the potential to
improve risk status. Smoking is included as a risk factor for osteoporosis by guidelines in
Canada and the U.S. (85;89); European guidelines have included discussion of the potential
positive influences of smoking cessation on bone health but have not gone as far as to list

smoking as a risk factor (90;172).
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2.4.5 Alcohol

Although moderate alcohol intake may have a protective effect and has been observed to
be associated with increased BMD in women and men (144;162;271), excessive alcohol intakes
have consistently been found to be predictive of low BMD (272;273), loss of BMD over time
(158) and fracture risk (136;274-276). A heavier intake of alcohol (more than two drinks per
day) has been implicated as a risk factor for osteoporosis and fracture in both women and men.
A recent international analysis of 5,939 men and 11,032 women from three cohorts, including
CaMOS, determined that alcohol intake had a nonlinear effect on the risk of fracture; an
increased risk of hip or any low trauma fracture was evident in women and men who consumed
more than two alcoholic drinks per day. This increased risk appears to be at least partly
independent of BMD and smoking (277). Excessive alcohol use is currently listed as a risk

factor for osteoporosis by Osteoporosis Canada (86).

2.4.6 Caffeine

Excessive caffeine intake is believed to increase the risk of osteoporosis; the effect may
be mediated by its interference with calcium retention and its association with low calcium
intake. There is evidence from retrospective and prospective cohort studies for a moderate
association between a high caffeine intake and fracture risk or low BMD (77;184;275;278-280),
although the vast majority of the subjects studied have been women. Other prospective studies
have found no association between caffeine intake and either bone loss (158) or fracture risk
(219). It has further been suggested that the effects of high caffeine intake are only evident in
those with low calcium intakes (278;279;281). High caffeine intake (> 4 cups of coffee a day) is
regarded as a minor risk factor for osteoporosis (85;282) or as a lifestyle factor that should be
modified in preventive interventions (87) in some published guidelines. Other guidelines do not

mention caffeine at all (88-90;172).

2.4.7 Medical Therapy

OHT (estrogen with or without progesterone) was the recommended first choice of treatment
or prevention of osteoporosis in menopausal women during the time of the CaMOS baseline and
Year 3 follow-up data collection (230). OHT has consistently been found to be effective in the
prevention or slowing of bone loss and in the reduction of the risk of osteoporotic fracture d

(107;163;184;213;283). The Women’s Health Initiative (WHI) randomised controlled primary
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prevention trial of estrogen plus progestin vs. placebo was stopped in 2002 when an increased
risk for invasive breast cancer in the treatment arm was detected. Other significant risks of OHT
that were identified by this trial were increased risks of coronary heart disease, stroke and
pulmonary embolism. On the other hand, the risk of hip fracture, as well as colorectal cancer,
was significantly reduced in those treated with combined OHT (81). It is now generally agreed
that the risks of OHT are likely to outweigh its benefits and it is no longer recommended as the
first choice of therapy for osteoporosis (85;214).

Two bisphosphonates, alendronate and etidronate, were approved in Canada for the
prevention or treatment of osteoporosis when the CaMOS baseline was conducted. The selective
estrogen receptor modulator (SERM), raloxifene was approved for the prevention and treatment
of postmenopausal osteoporosis, in 1998, before the three-year follow up of the CaMOS cohort
began. Calcitonin was also available and reportedly being used as an alternative treatment,
although it was not specifically approved as a medical intervention and therapy for osteoporosis
(230). Bisphosphonates, raloxifene and calcitonin have been found to effectively increase and
prevent loss of spinal bone density and fracture risk in menopausal women (284-293). There is
evidence that alendronate is effective in increasing BMD and reducing vertebral fracture risk in
men (294;295), while cyclical etidronate has been found to prevent bone loss in men with
corticosteroid induced osteoporosis (296;297). There is limited information about the effects of
calcitonin on men (297). Other agents have been approved for the treatment or prevention of
osteoporosis since the completion of the three-year follow-up, such as risedronate and
parathyroid hormone. Androgen therapy has been found to improve BMD in men with
osteoporosis that is secondary to hypogonadism (low levels of testosterone); however, the
majority of men with osteoporosis have normal gonadal function (297). None of these
medications is without potential drawbacks; all have associated side effects that contribute to

low rates of adherence.

2.4.8 Summary of Prevention and Treatment Recommendations

Appropriate lifestyle choices, such as adequate calcium intake and exercise, and smoking
cessation are indicated for everyone as a means of maintaining or achieving optimal health,
including bone health; in theory, these lifestyle decisions should not be influenced by
measurements of bone density (57;85;87;89;172). Guidelines from Osteoporosis Canada (86)
emphasize adequate calcium and exercise as preventive interventions and list excessive caffeine

and alcohol consumption and smoking amongst the risk factors for osteoporosis. The Canadian
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Task Force on Preventive Health Care (87) recommends that menopausal women, irrespective of
their diagnosis from a BMD test, should have their lifestyle assessed. Physicians and other
health professionals in Canada should be expected to stress the importance of these health
behaviours to women and men with low BMD test results in particular, either as the only
intervention or as an adjunct to pharmacological therapy. In turn, receipt of a low bone density
measurement may be expected to motivate people to change their lifestyle in order to reduce
their fracture risk. In addition to its general preventive role, calcium is specifically
recommended in many countries as a treatment (together with other interventions) for
osteoporosis (90), and both calcium and vitamin D are recommended as an adjunct to treatment
for osteoporosis in Canada (85;228).

The Canadian Task Force on Preventive Health Care recommended in 2004 that
menopausal women who are found to have osteoporosis should be treated with a bisphosphonate
or raloxifene; if these cannot be tolerated then OHT or calcitonin should be considered.
Treatment, other than lifestyle evaluation and modification if indicated, is not recommended for
women with osteopenia if they are under age 65. The lifestyle recommendations include
adequate calcium intake (1,000-1,500 mg/d), adequate vitamin D intake (400-800 IU/d),
sufficient exercise (three times per week for at least 20-30 minutes each time), moderate caffeine
intake (fewer than four cups of coffee per day) and smoking abstinence (87). Bisphosphonates
are recommended as the first-line treatment for men with osteoporosis (or low bone mass)
(85;297), but are not recommended for treatment of premenopausal women except in the
presence of identified secondary causes of osteoporosis (85).

At the time of the CaMOS baseline between 1996 and 1997, there were limited
recommendations and guidelines for the management of women with osteoporosis, and
osteoporosis in men was barely addressed. The Osteoporosis Society of Canada recommended
in 1996 that sufficient intake of calcium and vitamin D should be attained and that people should
be counselled to exercise. In addition, high alcohol intake and smoking were recognized as
high-risk behaviours for osteoporosis. OHT was recommended as both the preventive and
treatment therapy of choice for menopausal women and bisphosphonates (alendronate and
etidronate were approved at the time) were cited as a reasonable alternative for women with
established osteoporosis, and for men. Other agents that have been used to prevent or treat
osteoporosis, such as raloxifene, calcitonin, sodium fluoride, calcitriol and cyclical clodronate
were not specifically approved for these purposes at the time of the CaMOS baseline but were

available by prescription (230).
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2.5 Awareness of Test Results Following BMD Testing

It is generally accepted that patients who are informed and knowledgeable about their
health and about specific diseases that may affect them are more likely to be proactive in seeking
information, to make positive changes to their lifestyles, to initiate medications when
appropriate, and to adhere to physicians’ recommendations or prescriptions. Hence we would
expect individuals who are aware that they are at greater risk for fracture and those who are more
knowledgeable about osteoporosis in general to be more likely to make positive changes than
those who are less knowledgeable or are uncertain about their risk.

Although an increase in knowledge (or awareness) does not always lead to a change in
behaviour, it is likely that some kind of knowledge is necessary before a conscious decision to
make a change in health behaviour will be made. Knowledge is therefore typically considered to
be a necessary, but not a sufficient factor for health behaviour change and many intervening
factors are presumed to be involved in the process of behavioural change as explained in the

following summary by Green and Kreuter:

“Behaviour may not change immediately in response to new awareness or knowledge, but the cumulative

effects of heightened awareness, increased understanding, and a greater command (recognition and recall) of facts

seeps into the system of beliefs, values, attitudes, intentions and self-efficacy, and eventually into behaviour.”

There is a vast body of literature concerned with the role of factors such as beliefs,
values, attitudes, intentions and self-efficacy in the complex pathway between knowledge and
health behaviour. The scope of the following review is limited to studies that have focused on
the specific assessment of correct knowledge of BMD test results and its association with
information seeking and health behaviour or uptake of, and adherence to, medical therapy.

Estimates of correct knowledge or awareness of results (or diagnosis) after bone dénsity
testing have mostly been derived from retrospective studies of women referred for testing by
their physicians (3;299;300). A limitation of such retrospective studies is that the women who
took more notice of their results, and were therefore more likely to be correct, may also have
been more likely to respond to the invitation to take part in the study, which would tend to give

an inflated estimate of correct awareness. Furthermore, the definition of “correct” awareness of

' From Green, L.W. and Kreuter, M.W. (1991) Health Promotion Planning. An Educational Approach. 2™
Edition.. p. 156. (298)




test results has varied and this has a potentially large influence on the apparent awareness that
screened women have of their test results.

In Rubin and Cummings’ widely cited retrospective study of 327 women (aged between
23 and 96 years) who had been referred for a BMD test seven months previously, 85% of the
participants who reported that they had received a “low” test result (defined as a BMD value that
fell below the age-, sex- and race-adjusted mean) were correct (3). The proportions of women
that incorrectly reported that their test result was “normal” or that reported that they did not
know their results were not documented; the assessment of correct awareness of test results was
therefore incomplete. The women in the study were predominantly white and menopausal with a
high level of education and high prevalence of risk factors ffor osteoporosis, which limited the
generalizability of the results; these characteristics of the sample may explain the reported high
rate of correct awareness of test results.

A more recent study reported that one third of 956 women aged 46 - 90 years who had
received a diagnosis of osteopenia or osteoporosis after referral for BMD testing and then had
initiated OHT, raloxifene or a bisphosphonate, were unclear about their test results (whether they
had osteopenia or osteoporosis) between four and twelve months after the initiation of therapy
(299). Correct awareness was low, even though this sample would be expected to be biased
towards women who were more likely to be correct about their test results due to the selection of
only those who had initiated therapy, and therefore must have discussed their results with a
physician. Medication adherence was found to be associated with self report of a diagnosis of
osteoporosis; those who were uncertain about their diagnosis, or who believed that it was not
osteoporosis were 1.6 times more likely to discontinue their medication. This latter subgroup,
however, included the women who were correct about a diagnosis of osteopenia, who may have
appropriately had less reason to adhere to therapy. Despite limits to the interpretation of the
results due to the grouping together of those women who were correct about their osteopenia
results with women who were incorrect about their osteoporosis results, the findings demonstrate
that perceived osteoporosis disease status is a factor in the discontinuation of therapy, which
implies that a correct awareness of test results could also be a factor in the initiation and
maintenance of bone-specific health behaviour change.

In another study, only 48% of 977 women and 37 men (aged 34 — 93 years) were able to
provide their correct diagnosis 18 months after they had been referred for DXA testing (300).
Responses in this case were counted as correct if: (a) the participants who were informed of a

diagnosis of either osteopenia or osteoporosis reported a low test result and (b) the participants
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recalled a normal test result as such. This estimate of correct awareness in the referred
population is likely to be more representative than those derived by the two studies above
(3;299) because of its more complete definition of correct reporting as well as inclusion of
referred patients with both normal and low test results. Just less than 50% correct awareness of
test results is a disappointing rate for a referred sample. Furthermore, the authors did not include
the 20% of participants who returned a questionnaire but declined to answer this question. If
these selective non-responders are assumed to have been unaware or unsure of their test results,
correct awareness of test results in the sample drops to as low as 38%. As has been observed in
other studies (299;301), the participants who received low BMD test results were less likely to
be correct than those with normal résults; in particular those with a diagnosis of “osteopenia”
were the least likely of all to be correct about their diagnosis (31% were correct or 26% if the
non-responders are included). Despite the low rate of correct responses, 80% of the participants
in this study reported that their physician had passed on the results from the test: This suggests
that either the communication between the physician and patient (or the “patient education’) was
at fault or that the participants were not sufficiently interested to take notice of their results or to
retain the information. Thus, although it is assumed that test results must first be communicated
to patients before they can be aware of their risk, even when results are communicated, patients
may not always understand or commit them to memory. The participants who were correct
about their low test results, compared with those who were incorrect about low test results, were
more likely to have been prescribed and to have adhered to medication. This analysis was not
stratified by diagnosis, however, so there is potential confounding by a diagnosis of osteopenia,
which was associated with more incorrect responses and also carries a lower indication for
therapy and arguably greater justification for non-adherence. Although this study is unique in

that the sample included men, no information specific to the men was provided; the results were

. not stratified by sex (presumably because of the small number of men in the study) (300).

A Canadian study has similarly reported that women are less likely to be correct about
low BMD test results than about normal results; “osteopenia” was the least frequently correctly
reported diagnosis reported by a prospective cohort of Canadian women aged over 50 years who
had been referred for BMD testing (301). Fifty one percent of the women with an osteopenia
diagnosis thought that their results were normal when interviewed by telephone three months
after testing and a further 25% were unclear about their results. In contrast, only 6.4% of women
with a diagnosis of osteoporosis thought that their results were normal, while 50% were unclear.

Women who had a normal result were the most likely to be correct; none of them reported a low
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test result and 30% were unclear of their result. Women who were correct about their
osteoporosis diagnosis were more likely to have initiated OHT or bisphosphonates than those
who were incorrect. The authors interpreted their results as indicating that communication
between the physician and patient is crucial to therapeutic decision-making (301). It is not,
however, possible to determine the cause: Patients may have taken prescribed medications
because they had a better understanding of their low test results and associated risk for fracture
or they may have paid more attention to their results because their physicians recommended
therapy. |

Pickney and Arnason (300) commented that older age of the patient, specialty of the
physician and time since the DXA were not associated with correctly reporting test results in
unadjusted analyses. Except for the diagnosis from BMD testing and whether the results were
discussed with a physician, other potential predictors or confounders of correct awareness of test
results (such as education level and risk factors for osteoporosis) have not been addressed by
previous researchers (3;299-301).

The results from these observational studies of referred samples (299-301) suggest that
the perception of low test results in women is associated with uptake or adherence to therapy,
and that improvement in communication between physicians and patients or patient education
may lead to improved appropriate medication uptake. Such results further imply that improved
communication of BMD test results or diagnosis could be associated with positive lifestyle
changes.

The only previous study of correct awareness of BMD test results in a non-referred
sample included 515 mid-aged women (aged 45-54 years) who were randomly selected from a
population health register in Aberdeen, Scotland to participate in a randomized controlled trial to
assess the effect of direct-to-participant feedback on knowledge of test results (302). The cut-off
for a report of a low bone density for this study was the lowest quartile of the sample; these
women were informed that their BMD was below average (in the lowest 25%)"'* and that they
may be at risk of osteoporosis in later life. Two years after testing only 43% of the women were
able to correctly recall whether they were at increased risk; this is comparable to the rates of

correct awareness reported in referred samples (300;301). Also in line with previous studies, the

' The study by Campbell et al. was conducted before the release of the WHO diagnostic guidelines for osteoporosis
(50). Other investigations of the effects of BMD feedback in premenopausal women, conducted since the release of
the WHO diagnostic criteria, have also utilized alternative, less stringent, methods of defining higher risk for
fracture in their feedback (303-306). Few premenopausal women meet the WHO criteria for high risk
(“osteoporosis™), furthermore, the criteria were derived for use with menopausal women, although they are now
often applied to premenopausal women and men in clinical practice or research.
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25% who were told that they were at greater risk were less likely to be correct; only 26% of the

women in the lowest quartile were able to recall their low result.

2.6 Information seeking and Knowledge about Osteoporosis

Seeking out or accessing information would be expected to lead to an increased level of
knowledge about osteoporosis, particularly if the baseline level of knowledge in the population is
low. In general, studies that have assessed knowledge about osteoporosis have demonstrated
only poor to moderate levels of knowledge about the consequences of osteoporosis, its risk
factors and preventive interventions (307). Women (308-310), people with a higher education
(308;311-313), and those with a family history of osteoporosis (314;315) are the most likely to
be knowledgeable about the disease. People who have previously received information about
osteoporosis are also more knowledgeable (312;316), which indicates that information seeking
about osteoporosis is likely to improve knowledge about osteoporosis.

A recent presentation at the 2006 American Society for Bone and Mineral Research
Conference reported that men aged 40 to 79 years who had been referred for DXA evaluation
and diagnosed with osteoporosis or osteopenia were no more knowledgeable about the risk
factors for osteoporosis than were matched controls who had not received a DXA test or an
equivalent diagnosis. Knowledge about risk factors was low overall in these men who were
from predominantly rural communities, but was particularly poor regarding the role of smoking
and excessive alcohol consumption. Diagnosis was not associated with knowledge, even though
men who had been diagnosed with osteoporosis or osteopenia were less likely to report a low
calcium intake or excessive alcohol use. Although no causal relationships between diagnosis
and changes in knowledge and health behaviour can be inferred from this case-control study,
because baseline levels of these variables were unavailable, it is the only available report of
levels of knowledge about risk factors in a population of men who have been deemed to be at
high risk (317).

~ As pointed out by Werner (307) in her review of studies of people’s knowledge of
osteoporosis, the assessment of knowledge is based on the assumption that increased knowledge
will be associated with increased participation in preventive behaviours. A logical extension of
this assumption is that information seeking about osteoporosis will lead to increased knowledge
and may have an indirect impact on preventive behaviours. It has been proposed that health
information seeking behaviour could be regarded as a process that may lead to specific health

behaviours, or that it may define people who are considering health behaviour change (318).
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Efforts to obtain information about health in general have been found to be associated with
positive health behaviours and fewer risky behaviours (318;319). Both gender (being female)
(318;319) and older age (319) are predictive of more information seeking about health.

People who participate in (or who are seriously considering participating in)
osteoporosis-related health behaviours such as increased calcium intake or calcium supplement
use (316;320-324), regular physical activity (320;323-325), and use of OHT (316;320), as well
as those who demonstrate a greater likelihood of stopping steroid use (316), have been shown to
have increased knowledge about ostebporosis in cross-sectional and intervention studies. It is
evident however that knowledge alone does not necessarily influence health behaviour (326).
Thus, the association between increased osteoporosis knowledge and positive health behaviours,
or even the intention to change behaviour, has not been consistently identified. In one well-
designed intervention study involving a large sample of randomly selected premenopausal
women from the Tasmanian population, a group education intervention led to increased
knowledge about osteoporosis, but this greater knowledge was not associated with increased
self-efficacy regarding calcium intake and physical activity either six months, or two years, after
BMD testing and education (303). A low BMD test result (defined as a mean T-score < 0) was
similarly not associated with increased self-efficacy (303). Interestingly, women in the low
BMD group showed a gradually increasing level of knowledge between six months and two
years after testing compared with the normal group, which suggests that they may well have
sought information over time as a result of their BMD test results (303).

No association was found between knowledge and dietary calcium intake or weight
bearing exercise participation in two other studies involving young college aged women
(327;328) and in a small intervention study of three distinct groups of women (31 young college
students, a community sample of 35 women aged 22 to 83 years, and a group of 18 mid-aged
nurses) in which each group received a different intervention (329). It is notable that studies that
have found no association between increased knowledge and health behaviour change have most
often involved younger women. A possible explanation for this discrepancy with studies of
older women is that younger women may be less motivated to make behavioural changes, even
when they are aware of the risks, because the threat of osteoporosis is more distant and may
seem less relevant to them (330).

Other authors have examined the association between whether subjects have discussed
their BMD test results with a physician and their behaviour change or medication uptake and

adherence. Discussion of BMD test results with a physician may represent a form of information
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seeking (if consultation were initiated by patients or if patients sought information during the
consultation). It is also possible that a physician would have initiated the consultation and that
the transfer of information was also initiated by the physician. The latter scenario may be more
likely in cases where the subjects had originally been referred for a BMD test by the physician as
opposed to self-referred.

A large proportion of women who have been referred for BMD testing report that they
have discussed their test results with their physician. Ninety-five percent of women aged
between 23 and 96 years in a retrospective sample that was randomly selected from those
referred for BMD testing in the San Francisco area recalled that they had discussed their results
with a physician or health-care provider (3), similarly 80% of retrospectively sampled women
and men who had been referred for BMD testing at a Wisconsin health centre reported having
received their test results from their physician (300). Likewise, a prospective study of women
referred for DXA testing near Boston found that 79% of the participants had discussed their
results with a physician (331). Because these were referred populations, the rates of a low
diagnosis (either osteopenia or osteoporosis) were relatively high; ranging from 53% to 83% of
the sample (3;300;331), suggesting that other risk factors may have been present and which may
have influenced these women’s sense of susceptibility. .

Non-referred subjects who have been invited to attend BMD testing as part of a study
would be expected to have lower rates of low test results and hence potentially lower reported

rates of discussion of test results with a physician. Only 33% of a convenience sample of

- premenopausal women who underwent testing said that they had discussed their test results with

a physician. Twenty percent of the sample had been informed that they had low test results (Z-
score < -1.0), however, and 76% of this subgroup had discussed their results with a physician,
which indicates that, appropriately, diagnosis is a major factor (306). Although no association
was reportedly found between discussion of the results with a physician and positive lifestyle
change, it is not clear how the authors defined a change in health behaviour, and the number of
women who changed their behaviour was not reported.

Discussion of BMD test results with a physician or other health-care provider has been
shown to be associated with the initiation of therapy (OHT or bisphosphonates) in prospective
studies of Canadian women aged 50 years and over who had been referred for testing (301), and
mid-aged women (aged 54 to 65 years) who volunteered to participate in a study on osteoporosis
prevention (332). These findings suggest that those who discuss their results with a physician

are more likely to start medication, although cause and effect cannot be established. It is not
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possible to determine if the consultation influenced the participant’s decision to start medication,
or whether the physician initiated the consultation because of low test results and indication for
therapy, or indeed if the participant initiated the consultation because of an interest in initiating
therapy or lifestyle change. Furthermore, these studies (301;332) did not address whether the
initiation of medication was appropriate; consultation or discussion with a physician is only
potentially valuable if it leads to appropriate treatment or behavioural change.

Appropriate treatment following BMD testing was taken into account by Solomon et al.
(331) in their study of a referred sample of mostly menopausal women. Bisphosphonates or
calcitonin were much more likely to be taken by the women who received a diagnosis of
osteoporosis and somewhat more likely to be taken by the women with a diagnosis of
osteopenia. No women in the normal BMD group initiated bisphosphonate or calcitonin therapy,
which was considered appropriate. In this homogeneous group of white women, many of whom
had other risk factors for osteoporosis, OHT use did not appear to be influenced by the BMD test
results; the women who had received a normal result were just as likely to be taking OHT as
were the women who received a diagnosis of osteoporosis.'> Consultation with a physician was
not associated with initiation of appropriate therapy. The women who reported that they
understood their test results, however, were more likely to have initiated appropriate therapy
than were the women who stated that they did not understand their results (331). This suggests
that simply consulting with a physician is not sufficient; the quality of the discussion or
consultation is likely to play a role in patient understanding, initiation of health behaviours and
medication uptake.

The sources of osteoporosis information that have been accessed by particular
populations have been described by three previous studies. The findings have indicated that
information sources that men and women use to learn about osteoporosis are not limited to the
doctor’s office. In fact, other sources of information about osteoporosis have been cited at least
as frequently as have health professionals by Canadian seniors (310) and more frequently than
health professionals by young college women (328) and women who were referred for (but not
yet attended) DXA testing (333). |

Television, newspapers, books, friends, and family physicians were each cited by
approximately 30% of seniors as common sources of osteoporosis information in a community-

based convenience samplé of women and men (310). Other sources, such as family members

'* This study was completed before the results of the Women’s Health Initiative were available, when OHT was
amongst the first line of therapy for the prevention of osteoporosis and heart disease, and for the relief of
menopausal symptoms.




and the internet, were much less frequently mentioned. Women in this sample had a
significantly higher awareness and knowledge about osteoporosis than had the men, even though
the same number of women and men cited each of these top five sources. The likelithood of
having accessed information from any source (or the number of people who had not sought
information at all) was not presented (310).

A study of college women with a mean age of 19 years reported media as the main
source of information about osteoporosis. Seventy-nine percent of these young women who had
received information about osteoporosis reported that it had been acquired from television
programs, 68% had gained information from magazines and 43% reported receiving information
from a doctor or other health-care provider (328). Fifty-seven percent of the women who had
been referred for DXA testing at two Canadian centres had initially “heard about osteoporosis”
through newspapers and magazines, but only 11% had acquired such initial information from a
health-care practitioner (333). The descriptive results from these three very different populations
- suggest that media sources such as television, newspapers and magazines are heavily relied upon

as sources of information about osteoporosis and are more likely to be used as sources than are
family physicians.

The potential impact of BMD testing on information seeking about osteoporosis was
assessed in a study of a convenience sample of women who were recruited through
advertisements (334). This descriptive study found that, of the women whose test results fell in
the lower third for their age, 72% sought information from either a health-care provider or
another source while only 42% of those whose results fell in the upper third for their age sought
information. Although this sample is likely to represent more highly motivated women than the

- general population, the results suggest that the reports received following BMD tests can play a
role in prompting information seeking (334).

In summary, the bulk of previous studies have indicated that increased knowledge about
osteoporosis, or receipt of information about osteoporosis, is associated with an increased
likelihood of positive health behaviour or medication uptake. So far, there has been no
information about what predicts information seeking following BMD testing, or the preferred
sources of sought information, in a population-based sample of women or men. People who
receive low BMD test results and understand that they are at increased risk for fracture may be
expected to seek information about osteoporosis as a means of learning about lifestyle
modification options and the availability of medications that may decrease their risk;

furthermore, such information seeking behaviour is likely to be a step in the process towards a
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change in health behaviour. On the other hand, it is plausible that receipt of a low test result can
lead to avoidance of more information when it causes anxiety or mental discomfort. Such
avoidance of information has been documented, particularly with regard to genetic testing for
cancer risk (335). In the case of osteoporosis, a lack of information seeking behaviour may
indicate either avoidance of information, disinterest or lack of need (i.e., the level of knowledge

is already high).

2.7 Behavioural Change Following BMD Testing

The majority of studies that have attempted to determine whether bone-specific changes
in behaviour follow the receipt of low BMD test results have included women who have been
referred by their physicians for BMD testing. Many have used convenience samples, often
recruited retrospectively, which limits the generalizability of the findings to these specific
populations.

Table 2.2 summarizes the published research that has specifically investigated the impact
of low BMD test results (or awareness of low test results) on bone-specific health behaviour.
The publications in Table 2.2 are limited to thosé that have specifically examined BMD test
results as a predictor and health-behaviour change as an outcome. Studies of the effects of other
interventions, such as educational materials on lifestyle changes, have not been included unless
BMD test results were also considered as an explanatory variable in the study. Studies that héve
measured change after receipt of low BMD results, without comparison with changes made

following normal or higher test results (i.e., no comparison group) have not been included.
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Table 2.2: Previous Studies of the Effects of Low BMD Test Results on Bone-Specific Health Behaviour

Baseline Measures /

Authors / Study Population v Definition of Low | Time: Outcomes Findings:
Sample Size |/ Age Adjustment for Test Results in BMD Association between Low Test
at Follow-up Confounders / Feedback / Test to Results and Health Behaviour
Analysis Independent Follow-
Variable (IV) up _ L
Cooketal, | -Women No behavioural Above average, 1 year Self reported change: +ve association (below average v,
1991 (336) - Prospective - baseline measures. “average or below - Diet average/above average):
- Volunteer sample average for age. - Exercise - Change in diet
n=380 from 4 medical Other predictors - Alcohol - Change in exercise
practices considered: Age, IV: Feedback of - Smoking
Income, Edtication. average, above - Other habits No association with;
Age 30+ years average or below - Smoking
Bivariate (Chi- average results. - Alcohol consumption
squared). (No » - Other habits
: . adjusted analyses) : -
Rubin and - Women No behavioural Above (“normal”) | 4-24 Self reported change: +ve association (low v. normal):
Cummings, | - Retrospective baseline measures. or below (“low”) | months - Ca+ supplements - Started Ca+ supplements
1992 (3) - Randomly mean for age. - Vitamin D supplements - Started Vit. D supplements
sampled from all Covariates: : (mean= | - Milk/Ca+ rich foods - Increased milk/Ca+ rich foods
n=261 those referred for | Education; Family 7 mths). | - Exercise - Started or increased exercise
. BMD test during History; Previous 1V: Self report of - Coffee, tea or cola - Reduced coffee, tea or cola
*14 mth period. fracture; normal or low test - Alcohol - Started estrogen therapy
) comorbidity; results - Smoking - Started other therapy
- Age 23-96 years | perception of risk. ' - Increased worry about
(mean age = 59) - Estrogen therapy osteoporosis

Bivariate (Chi-
squared) and some
multivariable
regression

- Other therapy (sodium fluoride or
calcitonin)

- Worry or fear of falling

- Increased fear of faliing;

No association with:
- Decreased alcohol intake
- Smoking cessation
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Authors / Study Population | Baseline Measures / | Definition of Low | Time: Outcomes Findings:
Sample Size |/ Age Adjustment for Test Results in BMD Association between Low Test -
at Follow-up Confounders / Feedback / Test to Results and Health Behaviour
| Analysis Independent Follow-
Variable (IV) ‘up

Holt et al., - Women No baseline measures | Feedback not Upto 6 Self reported change: +ve association (low v. normal);
1997 (337) - Retrospective | described’ months - Calcium - Increased calcium intake

- Convenience . No adjustment for - Exercise - Increased exercise
n=312 sample from those | confounders IV: Self report of - Diet - Changes in diet

referred for BMD normal or low test - Started medications {estrogen,

testing Bivariate tests of results - Estrogen bisphosphonates or calcitonin).

. association - Bisphosphonates

- Aged 39 - 88 - Calcitonin

(mean age = 62) .
Jones and - Premenopausal Baseline data not Normal (T-score > | 1 year Self reported change: +ve association (low v. normal):
Scott, 1999 women comparable to -1.0) or Low-(T- - Use of Ca+ supplements - Increased Ca+ supplement use
(305) follow-up (collected | score <-1.0) - Calcium intake -| - Increased Ca+ intake

- Prospective during pregnancy and | BMD. - Physical activity - Increased physical activity
n=271 - Convenience 6 years before DXA) - Smoking - Higher calcium intake by food

sample from , frequency questionnaire

another study Bivariate tests IV: Feedback of - - Lower overall sports

(young mothers, low or normal Continuous measures at follow-up participation by questionnaire

more likely to be results (unadjusted for baseline): '

smokers, less ~ Calcinm intake by food frequency | No association with:

likely to have - questionnaire - Smoking cessation

breastfed) - Exercise questionnaire '

-Meanage =33

Ly
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Authors /. Study Population | Baseline Measures / | Definition of Low | Time: Outcomes Findings:
Sample Size |/ Age Adjustment for Test Results in BMD Association between Low Test
at Follow-up Confounders / Feedback / Test to Results and Health Behaviour .
Analysis Independent Follow- ‘
. Variable (IV) up
Jamal et al., | - Premenopausal Baseline measures Normal (Z-Score 1 year Change in behaviour relative to +ve association (low v. normal):
1999 (306) women taken, using different | > -1.0) or Low (Z- baseline (derivation of outcomes - Use of calcium supplements
methods to follow- Score < -1.0) used for the analysis of association | - Use of Vit. D supplements
n =669 - Prospective up. BMD. with diagnosis was not defined by
- Convenience authors). '
sample recruited - | Covariates: Age, No association with;
via adverts (79% weight, FH, 1V: Feedback of - Use of Ca+ supplements - > 3 km walking / week
university or education low or normal - Use of Vit. D supplements ->1 cup milk / day
college educated, results - > 3 km walking / week - Smoking
41% had FH of Unadjusted -> 1 cup milk / day - > 1 alcoholic drink / day
osteoporosis) regression - Smoking - > 3 cups caffeinated drinks / day
v A (presented) and -> 1 alcoholic drink / day
- Age 18-35 years ‘| adjusted regression ->_ 3 cups caffeinated drinks / day
(mean age = 28) (data not presented) '
Rimesetal., | - Women Baseline measures “Below fracture 1 week Behaviours undertaken “to prevent - | +ve association (low v. high):
1999 (334) . taken into account. threshold” or not. | and 3 or slow down bone loss” (open - Greater number of preventive
-Prospective . Cut-off for months ended question). Change behaviours
n =298 - Convenience No adjustment for feedback not determined by comparison with - At least one preventive
sample recruited covariates. described baseline: behaviour
via adverts - Calcium supplements - Uptake of calcium supplements
Descriptive analyses, | IV: Lowest '/ - Other mineral or vitamin - Increased anxiety
- Age 32-73 years | Chi-squared, t-test compared with supplements - Increased perception of risk
(mean age = 54) | and ANOVA highest '/; based- - Diet .
on Z score - Exercise A | No association with:
(analysis limited - Drug prescribed by doctor - Exercise
ton = 180) - Other - Other mineral or vitamin
supplements
Changes in: - OHT uptake .

Worry, anxiety, perceived

| susceptibility
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Authors / Study Population | Baseline Measures / | Definition of Low | Time: Outcomes Findings:
Sample Size |/ Age Adjustment for Test Results in BMD Association between Low Test
at Follow-up Confounders / Feedback / Test to Results and Health Behaviour
Analysis Independent Follow-
. Variable (IV) up : . -
Marci et al,, | - Menopausal Baseline measures Normal (T-Score 15-55 Self report of changes to prevent +ve association (low v. normal):
2000 (338) women available; not taken >-2.0), moderate | months. | osteoporosis: - Started Ca+ supplement use
- Retrospective into account in low bone mass (T- - Calcium supplements - Increased dietary calcium
- Convenience defining change. Score <-2.0 and> | (Mean= | - Dietary consumption of milk / - Started exercise
n =701 sample of those -3.0), severe low 2.9 years) | calcium-rich foods - Smoking cessation
referred to an Covariates: Ed, age, | bone mass (T- - Exercise habits - Decreased caffeine
osteoporosis clinic -| history of OP, Score < -3.0). - Smoking habits - Initiated OHT -
previous fracture, : - Caffeine intake - Initiated precautions to prevent
- Age 50+ years comorbidity, FHof | IV: Feedback of falls
OP, worry about OP. | normal or below -OHT . - Increased worry about OP
normal BMD
Multivariable logistic ' - Limited activities to avoid falling
regression to adjust - Safety precautions
for confounders '
Rolnick et - Menopausal Baseline measured WHO definitions | 6 months | Self report of changes initiated in +ve association (low v. normal):
al., 2001 Women but not taken into of normal, : last 6 months since DXA test. - Increased vitamin D intake
(332) - Prospective account in definition , | osteopenia and - Calcium intake - Started OHT  _
- Convenience of change. 0steoporosis. { = Vitamin D intake - Started other bone-specific
sample invited - Diet or eating patterns medication’
n=>508 from a care Covariates were not | IV: Feedback of - Exercise
organization taken into account in | normal, osteopenia
analyses of and osteoporosis Prescription data and self report: No association with:
- Menopausal associations between - Started OHT - Increased calcium intake
behaviour change - Started other medications - Modification of diet
- Age 54-65 years | and BMD test results. - Increased exercise

Bivariate analysis
(Chi-squared)
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Study Population

Authors / Baseline Measures / | Definition of Low | Time: Outcomes Findings:
Sample Size | / Age Adjustment for Test Results in BMD Association between Low Test
at Follow-up Confounders / Feedback / Test to Results and Health Behaviour
Analysis Independent Follow-
Variable (IV) up .

Wallace et - Perimenopausal | Baseline measures of | WHO definitions | 4 months | - FFQ for total calcium +ve association (low v, normal):
al., 2002 and menopausal all.behaviours of normal, -| - Intake of total calcium
(339) women 4 osteopenia and - Ca+ intake meets recommended

- Retrospective Covariates: Age, osteoporosis. daily intake; (Ca+ intake derived No association:
n=129 - Convenience osteoporosis from FFQ dichotomised to more or | - Intake > 1,500 mg Ca+

sample recruited knowledge, health IV: Feedback of less than 1,500 mg/day). - > 60 minutes exercise / week

from women beliefs. normal, osteopenia

referred for DXA and osteoporosis - Exercise scale; dichotomised to

testing, Multivariable linear : more or less than 60 minutes/ week.

and logistic

- Aged up to 65 regression, adjusted .

years for baseline

(mean age = 54) behaviours and

: confounders ,

Patel et al., - Men Baseline not taken WHO definitions | Mean =1 | Self report of changes in: +ve association (low v. normal):
2003 (340) - Prospective into account in of normal, year - Started calcium supplements

- Convenience definition of change | osteopenia and - Calcium supplements - - Started vitamin D supplements

, sample of patients osteoporosis. - Vitamin D supplements - Started bisphosphonates

n=102 - with prostate - Diet - Increased fear of falling

cancer recruited Bivariate analyses IV: Feedback of - Exercise '

from urology only (no adjustment | normal or - Smoking No association with:

practice (*/;) and for covariates)- osteopenia v. - Caffeine intake - Change in dietary calcium

healthy men ‘ feedback of - Use of bisphosphonates - Change in exercise patterns

recruited from osteoporosis - Fall prevention habits - Change in alcohol intake

adverts - - Fear of falling - Change in smoking

- Change in caffeine intake

- Age 48-84 years

- Limiting of activities related to
falling

0s




Authors /.

Study Population | Baseline Measures / | Definition of Low | Time: Outcomes Findings:
Sample Size |/ Age Adjustment for Test Results in BMD Association between Low Test
at Follow-up Confounders /. Feedback / Test to Results and Health Behaviour
Analysis Independent Follow- .
Variable (IV) up
Hamel et al.,, | - Women Baseline measures of | WHO definitions | 3 months | Self report of changes in: +ve association (osteoporosis v.
2005 (333) - Prospective behaviours: Baseline | of normal, - Calcium intake normal or osteopenia v. normal):
- Convenience calciim intake was osteopenia and - Exercise - Self report increased calcium
n= 1057 sample recruited taken into account in | osteoporosis, - Use of Ca supplements
from women estimation of change | . -Dietary calcium intake estimated - Use of Vit.D supplements
referred for DXA in calcium in diet. No | IV: Feedback of from FFQ of calcium rich foods - Use of natural remedies
testing. other adjustments for | normal v. - Use of bisphosphonates
baseline measures. feedback of Self report of current use of: - Non-use of estrogen
- Mean age = 58 osteopenia or - calcium supplements
years Other covariates: osteoporosis - Vitamin D supplements No association with:
History of previous ' : --Change in dietary calcium
fracture, age > 45. - Bisphosphonates - Self report of increased exercise
o - Estrogen
__| Logistic regression - Natural remedies
Winzenberg | - Premenopausal Baseline measures of | Normal (T-Score | 2 years Self report of changes in: +ve association (low v. normal):
et al., 2006 women all behaviours and >0) or Low (T- - Use of calcium suppiements - Started calcium supplements
(304) : covariates; not Score < 0) BMD. - Dietary Calcium intake - Increased physical activity
- Prospective clearly taken into ' - Physical activity
n=415 - Randomly account in analysis of - Smoking cessation No association with:
selected association between | IV: Feedback of - Dietary calcium intake
population-based diagnosis and low or normal Calcium intake and use of calcium | - Smoking cessation
sample (64% behavioural change results. supplements also derived from FFQ; | - Strenuous activity
response rate and physical activity also derived from
88% retention to Bivariate analyses questionnaires. - Change in leg strength
follow-up) - ' ' - Change in work capacity
Muscle strength and endurance
- Premenopausal fitness (objective measures) -
-Age24-44
years

(mean age = 38)
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As can be seen from Table 2.2, the majority of previous investigations of the effects of
BMD test results on health behaviour have assessed women; the single report that measured
behavioural change in men recruited two thirds of its sample from men who had a history of
prostate cancer (and two thirds of these men were hypogonadal and thus at high risk for
osteoporosis) and the remaining third (men in the community) were recruited through
advertisements (340). Virtually all of the studies either recruited women from a referred
population or they used a convenience sample. Some of the referred samples were recruited
retrospectively, after their test results were known (3;337;338), which may limit the
generalizability of the results to more motivated individuals, who were more likely to have made
changes because of their test results. There are no population-based studies of the association
between BMD test results and bone-specific health behaviour change in perimenopausal or
menopausal women, or in men. The association between BMD test results and behavioural
change was investigated in a randomly selected population-based sample of premenopausal
women in Southern Tasmania (304). Follow-up has been short term for the most part; only two
studies included a mean follow-up period of more than one year after BMD testing (304;338).

Although some of the authors listed in Table 2.2 reportedly measured pre-test levels of
behaviour (such as the amount of calcium intake, exercise frequency, use of supplements,
alcohol or caffeine intake) only three of these studies clearly documented that these values were
taken into account when assessing at least some of the changes following BMD testing
(333;334;339). Most often, the participants were simply asked to report if they had changed
these behaviours at the follow-up, whether or not the baseline behaviours had been measured
(3;305;332;336-338;340). Holt et al. (337), for example, asked specifically, “What did you do
differently because of your DXA test results?” This latter approach to questioning is subject to
potential bias, not only because women with low test results may be more likely to report
relatively more changes than women with normal results, just because they believe that the
behavioural change is expected of them (recall bias), but also because behavioural changes that
were not perceived by the women as due to BMD test results would not be documented
(observation bias).

In the large Canadian study reported by Hamel et al., a combination of approaches was
used to assess behavioural change (333). A change in calcium intake was derived from the
difference between the self report of current intake of calcium-rich foods at follow-up and the
current intake reported at baseline, supplement and medication use were represented by reported

use at follow-up with no adjustment for baseline, and subjects were asked simply if they had
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changed their calcium intake and exercise. Interestingly, diagnosis of osteoporosis was found to
be associated with a self reported change in calcium intake in this sample, but not with the
difference in calcium intake based on the food frequency questionnaire (FFQ). The assessment
of change in calcium intake with the FFQ may be a more objective and less potentially biased
method in this situation. On the other hand, the measurement of calcium intake based on a few
select foods may have been too crudé a measure to accurately reflect a change, as the authors
suggested (333). Estrogen use was found to be significantly more frequent in the women who
had been diagnosed with a normal BMD compared with those who had osteoporosis (333); the
authors did not adjust their analysis for baseline differences and it is apparent that this difference
is explained by more frequent use of estrogen in the “normal” diagnostic group, even before the
DXA test, |

The much smaller study by Wallace et al. (339) included adjustment for baseline levels
of health behaviours (calcium and exercise) in the analyses and found that neither dietary
~ calcium intake nor exercise behaviour were associated with a low BMD test result: The only
predictors of post scan calcium and exercise were pre scan calcium and exercise. It is feasible
that these more objective measures of behaviour change, taking baseline levels into account
provide a more accurate reflection of true behavioural change. There are other explanations for
the observed lack of impact of BMD test results in this study, however, because the time
between DXA testing and follow up was very short (only up to three months) and possibly too
soon for behavioural changes to have taken place, and there was a particularly high attrition rate
(50%), which limits the interpretation of the results. Rimes et al. (334) compared follow-up
measures of specific behaviours that were reported in response to the question, “Do you do or
take anything to try to prevent or slow down bone loss?”” with responses to the same question at
baseline to identify behavioural changes. Due to the wording of the question, information about
participation in any of the behaviours for other (health or non-health) reasons was not available.

Because subjects cannot be randomized to receive low or normal test results, baseline
health behaviours would not be expected to be randomly distributed between BMD diagnostic
groups and should be taken into account in any analysis of the association between test results
and behavioural change. If women with low BMD results already participated in little exercise,
or had a low baseline calcium intake, for example (as may be predicted given that lack of
exercise and low calcium are risk factors for low bone density), they also have greater potential
to'make positive changes. Women who are already exercising several times a week on the other

hand, have less room for improvement and ceiling effects may be observed.
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Winzenberg et al. (304) comprehensively measured baseline behaviours and determined
change in calcium intake and exercise both objectively, by comparing follow up behaviours to
baseline, as well as by self reported change. These randomly selected premenopausal women
were more likely to begin taking calcium supplements (as measured by the FFQ) and to increase
their physical activity (by self report) if they received a report of a low BMD test result, which
suggests that young, low risk women would be prepared to make adjustments to their lifestyle in
response to low BMD results. Furthermore, the authors found that after two years, bone mineral
density had increased in the women who had commenced calcium supplements and in the
women who reported persistent increases in physical activity relative to the women who did not
report such lifestyle change. In contrast to the impact of a low BM