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Background: Whether change in bone mineral density (BMD) is
an accurate indicator of antifracture effect in clinical practice is
unknown.
Objective: To evaluate repeated BMD testing as an indicator of
treatment-related fracture risk reduction.
Design: Registry-based cohort study.
Setting: Manitoba, Canada.
Patients: 6629 women aged 40 years or older initiating osteoporosis treatment with 2 consecutive dual-energy x-ray absorptiometry scans (mean interval, 4.5 years).
Measurements: Change in BMD between the ﬁrst and second
dual-energy x-ray absorptiometry scans categorized as stable,
detectable decrease, or detectable increase. Incident fractures
were ascertained from health services data.

had an absolute increase of 2.9% (95% CI, 1.5% to 4.4%) and
5.5% (CI, 2.8% to 8.1%) in the 5- and 10-year cumulative incidence of any fracture, respectively. In contrast, risk for any fracture in women with a detectable increase in total hip BMD was
1.3% (CI, 0.4% to 2.2%) and 2.6% (CI, 0.7% to 4.5%) lower after 5
and 10 years, respectively. Consistent results were seen for
change in femoral neck and lumbar spine BMD and across a
range of subgroup analyses.
Limitation: Lack of standardization in the BMD testing
interval.
Conclusion: Treatment-related increases in total hip BMD are
associated with reduced fracture risk compared with stable
BMD, whereas decreases in BMD are associated with greater risk
for fractures. Monitoring BMD in clinical practice may help to
identify women with a suboptimal response to osteoporosis
treatment.

Results: During a mean of 9.2 years, 910 (13.7%) women developed incident fractures, including 198 with hip fractures. After
adjustment for baseline fracture probability, women with a detectable decrease in total hip BMD compared with stable BMD

Primary Funding Source: None.
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bisphosphonates, which is the most widely used class
of drugs for osteoporosis (16).
Results from clinical trials are not always applicable
to clinical practice in which patients are lost to followup, adherence and persistence with medications are
difﬁcult to monitor, and patients often have underlying
conditions that would exclude many from trial participation. We used population-based registries from Manitoba, Canada, to assess the effectiveness of repeated
BMD testing in routine clinical practice as a predictor of
treatment-related fracture risk reduction in women initiating treatment.

steoporosis-related fractures are common and
impose a large societal burden in terms of human
and economic costs (1). In the absence of a typical lowtrauma fracture (for example, vertebral compression
fracture) (2), the diagnosis of osteoporosis is usually
based on ﬁnding low bone mineral density (BMD)
from dual-energy x-ray absorptiometry (DXA) (3, 4).
Screening with DXA is recommended for women
aged 65 years or older and in younger women with
elevated fracture risk (5). In appropriately selected
women, approved treatments can reduce fracture risk
in primary and secondary prevention settings
(6, 7).
The role for repeated BMD testing after initial evaluation is uncertain because prospective studies have
not shown that repeated BMD measurements or
changes in BMD were more predictive of subsequent
fractures than the baseline measurement (5, 8). The
practice of repeated BMD testing during pharmacotherapy also remains controversial (9, 10). Group-level
clinical trial data suggest that greater increases in BMD
are associated with greater fracture risk reduction (11,
12), but this may be more difﬁcult to show in individuals
as measurement error is typically 3% to 5% (13–15). In
clinical trials in which “good” patients are selected for
participation and their adherence is closely monitored,
“treatment failure”— deﬁned as detectable BMD loss—is
uncommon, particularly when the patients are receiving
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METHODS
Patient Population
In Manitoba, Canada (population, 1.2 million persons), health services are provided to virtually all residents through a public health care system. Since 1997,
DXA testing has been managed as an integrated program (the Manitoba Bone Density Program); criteria for
baseline testing include screening women at age 65
years and younger women with additional risk factors
(17). Consistent with national guidelines, the program's
recommended interval for initial follow-up is 3 years for
most patients, 1 year for those receiving systemic glucocorticoid therapy or aromatase inhibitors, and at
least 5 years for those previously reported as low-risk
(18). The program maintains a database of all DXA re© 2016 American College of Physicians 465
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sults that can be linked with other population-based
computerized health databases through an anonymous
personal identiﬁer. The DXA database has completeness and accuracy in excess of 99% (19). From this
database, we identiﬁed all women aged 40 years or
older with baseline DXA measurements of the hip or
lumbar spine obtained from 1 of the program's crosscalibrated primary DXA instruments (Prodigy; GE
Healthcare Lunar) after 1 April 1998. We then identiﬁed
those with a follow-up DXA examination before 31
March 2013 (minimum interval of 1 year) for assessment of change in BMD in at least 1 measurement site
(total hip, femoral neck, or lumbar spine). Using linkage
to the province-wide retail pharmacy network (20), we
identiﬁed women not receiving osteoporosis treatment
during the year before baseline DXA testing (deﬁned
as no pharmacy-dispensed bisphosphonate, calcitonin,
systemic estrogen product, raloxifene, or teriparatide)
who initiated 1 of these same osteoporosis treatments
between the ﬁrst and second DXA scans (deﬁned as 1
or more prescription dispensations). Analyses did not
consider subsequent medication switching. The study
was approved by the Health Research Ethics Board of
the University of Manitoba.
BMD Measurements
Lumbar spine and hip DXA scans were performed
and analyzed in accordance with manufacturer recommendations. Femoral neck and total hip T-scores (number of SDs above or below the mean BMD for young
adults) were calculated from NHANES III (Third National
Health and Nutrition Examination Survey) reference values for white women (21); lumbar spine (L1 to L4)
T-scores were based on the manufacturer's reference
values for white women (22). The program's quality assurance is under strict supervision by a medical physicist (17). The instruments used for this study exhibited
stable long-term performance (coefﬁcient of variation,
<0.5%). All reporting physicians and supervising technologists are required to maintain DXA certiﬁcation
with the International Society for Clinical Densitometry.

The absolute BMD difference (measured in g/cm2)
between the 2 DXA tests was compared with 95% leastsigniﬁcant change (LSC) values for assessment of
change using accepted methods, where LSC is the
least amount of change in BMD that can be considered
statistically signiﬁcant (23–25). The BMD measurement
error of the Manitoba Bone Density Program used for
computing the LSC is derived from more than 400 DXA
scan pairs (most performed on different days but within
28 days by different technologists). We have previously
reported that this approach (rather than same-day repositioning with the same technologist) is more representative of measurement error encountered during
clinical monitoring (26). From these scan pairs, we obtained the following 95% LSC values, which are within
acceptable ranges (25): total hip, 0.030 g/cm2; lumbar
spine, 0.050 g/cm2; and femoral neck, 0.055 g/cm2. An
observed absolute difference less than these values
would be considered to be within the range of measurement error (stable), whereas an increase or decrease exceeding these values would be outside the
range of measurement error (detectable increase or
decrease in BMD, respectively). The use of the absolute
difference for BMD monitoring follows International Society for Clinical Densitometry recommendations and
avoids errors that can arise when change is expressed
as a percentage (27, 28).
Baseline Fracture Probability Calculations
The 10-year probability of the risk for major osteoporotic fracture was calculated by using the Canadian
version of the World Health Organization Fracture Risk
Assessment Tool (FRAX), version 3.7 (FRAX Desktop
Multi-Patient Entry) (29, 30). Age, body mass index,
femoral neck BMD, and other data required for calculating fracture probability with FRAX were assessed
through a combination of hospital discharge abstracts
(diagnoses and procedures coded using the International Classiﬁcation of Diseases, Ninth Revision, Clinical
Modiﬁcation, before 2004 and International Statistical
Classiﬁcation of Diseases and Related Health Problems,

Table 1. Baseline Characteristics of the Study Population, Overall and by Incident Fracture Status*
Characteristic
Mean age (SD), y
Age, n (%)
40–64 y
65–74 y
≥75 y
Mean 10-y fracture probability (SD), %†
Osteoporosis diagnosis (T-score ≤−2.5), n (%)
Mean T-score among patients with osteoporosis (SD)
Total hip
Femoral neck
Lumbar spine
Mean BMD interval (SD), y
BMD interval, n (%)
1-3 y
3-5 y
>5 y

Overall
(n ⴝ 6629)

No Fracture
(n ⴝ 5719)

Fracture
(n ⴝ 910)

P Value

64.3 (10.1)

63.9 (10.0)

66.9 (10.3)

<0.001

3359 (50.7)
2188 (33.0)
1082 (16.3)
11.7 (7.3)
3789 (57.2)

2998 (52.4)
1857 (32.5)
864 (15.1)
11.2 (6.9)
3190 (55.8)

361 (39.7)
331 (36.4)
218 (24.0)
14.7 (8.7)
599 (65.8)

<0.001

<0.001
<0.001

−1.6 (1.0)
−1.9 (0.8)
−2.2 (1.2)
4.5 (2.2)

−1.5 (1.0)
−1.8 (0.8)
−2.2 (1.2)
4.5 (2.2)

−1.9 (1.0)
−2.1 (0.8)
−2.5 (1.2)
4.8 (2.4)

<0.001
<0.001
<0.001
<0.001

1604 (24.2)
3013 (45.5)
2012 (30.4)

1392 (24.3)
2642 (46.2)
1685 (29.5)

212 (23.3)
371 (40.8)
327 (35.9)

<0.001

BMD = bone mineral density; FRAX = Fracture Risk Assessment Tool.
* Percentages may not sum to 100 due to rounding.
† FRAX major osteoporotic fractures were computed with BMD.
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10th Revision, Canada thereafter), physician billing
claims (coded using International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation), and information collected directly from patients at the time of
DXA scanning as previously described (Appendix Table, available at www.annals.org) (31). The Canadian
FRAX was calibrated by using nationwide hip fracture
data (30). Predictions agreed closely with observed
fracture risk in our population (31, 32).
Fractures Outcomes
Records from Manitoba Health were assessed for
the presence of incident nontraumatic hip, clinical vertebral, forearm, and humerus fracture diagnostic codes
(collectively designated as major osteoporotic fractures) using previously validated algorithms (33, 34).
Fractures that were not associated with trauma codes
were assessed through a combination of hospital discharge abstracts and physician billing claims. We required that hip and forearm fracture codes be associated with site-speciﬁc fracture reduction, ﬁxation, or
casting codes to enhance speciﬁcity for an acute fracture event. To minimize potential misclassiﬁcation of
prior incident fractures, we conservatively required that
there be no hospitalization or physician visit for the
same fracture type in the 6 months preceding an incident fracture diagnosis.
Statistical Analysis
Cumulative fracture incidence after the ﬁrst DXA
scan (index date) was studied using survival analysis.
Observations were censored for death, migration out
of province, or end of follow-up (31 March 2013). Our
primary analysis examined change in total hip BMD between DXA scans, which was the site with the smallest
measurement error; these scans were categorized as
stable (referent), detectable decrease, or detectable increase. Cumulative incidence curves, along with point
estimates and 95% CIs at 5 and 10 years, were directly
adjusted for baseline fracture probability (35). Average
absolute differences in cumulative fracture risk were
compared based on change in BMD (detectable decrease or increase vs. stable BMD), and 95% CIs were
estimated. Analyses were conducted using SAS, version 9.3 (SAS Institute).
We did a series of secondary sensitivity analyses to
test the robustness of our ﬁndings and explore potential interactions. First, we examined hip fractures as the
outcome of interest given their large implications on
morbidity, mortality, and cost compared with other
fractures. Second, we constructed separate models for
change in femoral neck and lumbar spine BMD. Finally,
we explored potential interactions in multiplicative Cox
proportional hazards models stratiﬁed according to
age (40 to 64, 65 to 74, and ≥75 years); baseline BMD
(osteoporotic vs. nonosteoporotic T-scores); BMD testing interval (1 to 2.9, 3 to 5, and >5 years); and medication possession ratio (<0.5, 0.50 to 0.79, and ≥0.80),
which is an adherence measure calculated as the total
days of medication supplied between the BMD tests
divided by the testing interval. In the Cox regression
models, we examined 3 continuous measures of
www.annals.org
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Table 2. Detectable Change in BMD Between the First
and Second DXA Scans*
Measurement
Site

Stable

Detectable
Decrease

Detectable
Increase

Total hip
Femoral neck
Lumbar spine

3333 (50.8)
5284 (80.4)
2861 (50.3)

1235 (18.8)
642 (9.8)
585 (10.3)

1998 (30.4)
647 (9.8)
2245 (39.4)

BMD = bone mineral density; DXA = dual-energy x-ray
absorptiometry.
* Values are numbers (percentages). Classiﬁcation of change is based
on the absolute difference in BMD between the 2 DXA scans (in
g/cm2) compared with the 95% least signiﬁcant change (total hip,
0.030 g/cm2; lumbar spine, 0.050 g/cm2; and femoral neck, 0.055
g/cm2).

change in BMD: absolute change (measured in g/cm2),
percent change, and annual percent change. Hazard
ratios (HRs) were adjusted for baseline fracture probability. The proportional hazards assumption was conﬁrmed by testing the correlation between scaled
Schoenfeld residuals versus time.
Role of the Funding Source
This study received no funding.

RESULTS
The potentially eligible population consisted of
6799 women (Appendix Figure 1, available at www
.annals.org). After 170 ineligible women were excluded, the ﬁnal study population contained 6629
women initiating treatment in which change in BMD
could be assessed at 1 or more skeletal sites (total hip,
6563 women; femoral neck, 6572 women; lumbar
spine, 5690 women; and all 3 sites, 5656 women). The
smaller number of lumbar spine measurements reﬂects
scans that could not be reported due to structural artifacts, chieﬂy age-related degenerative changes. Mean
age at baseline was 64.3 years (SD, 10.1) (Table 1).
Most women (57.2%) met the BMD criterion for osteoporosis at 1 or more skeletal sites. Additional risk factors for fracture were used in computing baseline probability (Appendix Table). Of the 2840 women who were
not osteoporotic on baseline DXA measurements, 43%
had a T-score between ⫺2 and ⫺2.5, 12% had a prior
major osteoporotic fracture, and 13.9% had a high
FRAX score (major osteoporotic fracture ≥20% or hip
fracture ≥3%). Bisphosphonates were initially prescribed in 84.9% of women; 87.9% were receiving bisphosphonates after 4 years.
Changes in BMD Over Time
The mean interval between the ﬁrst and second
BMD tests was 4.5 years (SD, 2.2). A detectable increase was more common than a detectable decrease
(Table 2). For the total hip, a detectable increase was
seen in 30.4% of women and a detectable decrease
was seen in 18.8% (stable in 50.8%). Detectable change
was less common at the femoral neck (increase, 9.8%;
decrease, 9.8%; and stable, 80.4%) than the lumbar
spine (increase, 39.4%; decrease, 10.3%; and stable,
50.3%). A detectable decrease in BMD affecting 1 or
more measurement sites was seen in 1526 (23.0%)
Annals of Internal Medicine • Vol. 165 No. 7 • 4 October 2016 467
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Figure 1. Cumulative fracture risk, by change in total hip BMD.
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Cumulative incidence functions are directly adjusted for baseline fracture probability. BMD = bone mineral density. Left. For any fractures, the
detectable decrease vs. stable BMD (P < 0.001) and detectable increase vs. stable BMD (P = 0.004) are depicted. Right. For hip fractures only, the
detectable decrease vs. stable BMD (P < 0.001) and detectable increase vs. stable BMD (P = 0.167) are depicted.

women who initiated osteoporosis therapy, representing almost 1 in 4 women.
Association Between Detectable Change in BMD
and Fracture
During 61 088 person-years of follow-up (median,
9.2 years; range, 1.0 to 14.8 years), 910 (13.7%) women
sustained 1 or more fractures (hip, 198 women; vertebral, 242 women; humerus, 163 women; and forearm,
401 women). Cumulative fracture incidence showed
differences according to detectable change in total hip
BMD (Figure 1). Compared with stable total hip BMD, a
detectable decrease in total hip BMD was associated
with a greater risk for fracture (P < 0.001), whereas a
detectable increase was associated with lower risk for
fracture (P = 0.004). When analysis was limited to hip
fractures, a detectable decrease in total hip BMD was
again associated with greater risk for fracture (P <
0.001) but a signiﬁcant difference was not seen for a
detectable increase (P = 0.167).
Cumulative fracture risk after 5 and 10 years was
greater in women with a detectable decrease in total
hip BMD than those with stable BMD; in contrast, risk
was lower in those with a detectable increase in total
hip BMD (Table 3). Women with a detectable decrease
in total hip BMD compared with those with stable BMD
had an absolute increase in the risk for any fracture
(2.9% [95% CI, 1.5% to 4.4%] after 5 years and 5.5% [CI,
2.8% to 8.1%] after 10 years) and hip fracture (0.9% [CI,
0.4% to 1.5%] after 5 years and 2.8% [CI, 1.2% to 4.3%]
after 10 years). In contrast, the risk for any fracture in
women with a detectable increase in total hip BMD was
1.3% (CI, 0.4% to 2.2%) lower after 5 years and 2.6%
(CI, 0.7% to 4.5%) lower after 10 years. Fracture risk
after 5 and 10 years based on change in femoral neck
and lumbar spine BMD was generally consistent with
468 Annals of Internal Medicine • Vol. 165 No. 7 • 4 October 2016
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the results for total hip BMD. Subgroup analyses for
change in total hip BMD showed consistent results according to baseline age, whether baseline BMD measurement was osteoporotic, BMD testing interval, or
medication possession ratio (Figure 2).
Sensitivity Analysis
When change in BMD was analyzed as a continuous measure, ﬁndings paralleled those based on the
categorical analysis. Every SD increase in total hip BMD
during treatment was associated with a 19% relative
reduction in the fracture hazard rate (HR, 0.81 [CI, 0.76
to 0.86]); we also found a signiﬁcant reduction for
change in femoral neck BMD (HR, 0.83 [CI, 0.77 to
0.88]). In contrast, association between lumbar spine
BMD and incident fracture risk was modest and of borderline statistical signiﬁcance (HR, 0.94 [CI, 0.88 to
1.02]). Similar results were seen when change was expressed as a percent change or annual percent change
(Appendix Figure 2, available at www.annals.org). No
signiﬁcant interactions were identiﬁed.

DISCUSSION
Using a population-based BMD registry linked with
comprehensive administrative databases for Manitoba,
Canada, we were able to examine fracture outcomes in
women initiating osteoporosis therapy in relation to
changes in BMD measurements. The major ﬁnding was
that change in total hip BMD after initiation of osteoporosis treatment was an indicator of fracture risk reduction. Most important, the greater the increase in total
hip BMD, the lower the fracture risk. In contrast, a decrease in total hip BMD during treatment was not uncommon and occurred in almost 1 in 5 women. This
was associated with a substantially increased fracture
www.annals.org
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risk (absolute increase of 5.5% after 10 years for total
hip BMD) compared with stable BMD.
Our ﬁndings have face validity given the strong association between BMD and fracture risk, as well as the
clinical trial evidence that change in BMD contributes
to (but does not fully explain) antifracture beneﬁts (11,
12, 36). Consistent results were seen across a range of
subgroup analyses. Although changes in femoral neck
BMD mirrored the ﬁndings at the total hip, changes in
lumbar spine BMD were not a consistent indicator of
treatment-related fracture risk reduction. Age-related
spinal degenerative disease can confound the assessment of BMD in the lumbar spine and can produce
erroneous results in older adults during follow-up (37).
Our study complements previous reports that have
looked at BMD monitoring in women not receiving osteoporosis therapy. Gourlay and colleagues (38) found
that the likelihood of transition to a diagnosis of osteoporosis was strongly dependent on baseline BMD
T-score in women aged 67 years or older. Whereas a
testing interval as short as 1 year was recommended for
women with advanced osteopenia (T-score, ⫺2.00 to
⫺2.49), a testing interval as long as 15 years might be
appropriate for women with BMD in the normal or
mildly osteopenic range (T-score ≥⫺1.49). A subsequent report from the Women's Health Initiative BMD
cohort study (39) concluded that postmenopausal
women aged 50 to 64 years without osteoporosis on
their ﬁrst BMD test were unlikely to beneﬁt from frequent rescreening before age 65 years. The change in
BMD in the absence of treatment or high-risk medications (such as glucocorticoids or aromatase inhibitors)
is typically small— 0.5% to 1.5% per year (13–15). Although longer testing intervals could be considered for
women who are not receiving therapy, this does not
address the equally important issue of BMD monitoring
in those starting osteoporosis treatment.

Osteoporosis therapies, particularly those involving
bisphosphonates, produce early increases in BMD, and
group effects can be seen in less than 1 year (40, 41).
Bell and colleagues (16) reported that treatment failure
(detectable decrease in BMD) was uncommon in
women participating in a clinical trial of oral alendronate, which has been interpreted as evidence against
routine BMD monitoring during treatment (9). Unlike
clinical trials in which participants are selected because
they have a high likelihood of good adherence and a
low likelihood of adverse effects, trying to assess a patient's adherence and persistence with therapy in clinical practice is notoriously difﬁcult (42). In a pooled analysis from 3 pivotal risedronate trials (active treatment in
2047 women), Watts and colleagues (43) reported that
patients whose BMD showed any decrease were at a
signiﬁcantly greater risk for radiographic vertebral fracture than those whose BMD showed any increase. However, fracture risk was similar in patients with a smaller
(<5%) versus larger (≥5%) increase in BMD. This study
did not assess the total hip site, clinical vertebral fractures, or nonvertebral fractures and also did not differentiate reductions in BMD that exceeded the LSC from
those in a range consistent with measurement error.
Although not the focus of the current study, we observed that change in BMD was equally predictive of
fracture in both osteoporotic and nonosteoporotic
women, which may help to inform discussion about the
effectiveness of osteoporosis therapy in those whose
BMD is not in the osteoporotic range (44).
Our data suggest that in clinical practice, treatment
response is much less consistent than in the clinical trial
setting examined by Bell and colleagues (16). Monitoring BMD provides useful information about whether an
antifracture beneﬁt has occurred. If conﬁrmed, our results could help inform a goal-directed (or treat-totarget) paradigm for osteoporosis therapy (45). Al-

Table 3. Cumulative Fracture Risk After 5 and 10 Years, by Change in BMD*
BMD Change Category

Risk for Any
Fracture (95% CI), %
5y

Total hip
Detectable decrease
Stable
Detectable increase
Detectable decrease vs. stable
Detectable increase vs. stable

10.1 (8.7 to 11.5)
7.2 (6.5 to 8.0)
5.9 (5.1 to 6.7)
2.9 (1.5 to 4.4)
−1.3 (−2.2 to −0.4)

Femoral neck
Detectable decrease
Stable
Detectable increase
Detectable decrease vs. stable
Detectable increase vs. stable

11.2 (9.1 to 13.2)
7.1 (6.5 to 7.8)
5.8 (4.5 to 7.0)
4.0 (2.0 to 6.1)
−1.4 (−2.7 to −0.1)

Lumbar spine
Detectable decrease
Stable
Detectable increase
Detectable decrease vs. stable
Detectable increase vs. stable

8.9 (6.9 to 10.9)
6.7 (5.9 to 7.5)
6.5 (5.6 to 7.3)
2.2 (0.2 to 4.3)
−0.2 (−1.2 to 0.8)

Risk for Hip
Fracture (95% CI), %

10 y

5y

10 y

20.1 (17.7 to 22.5)
14.7 (13.3 to 15.9)
12.1 (10.6 to 13.5)
5.5 (2.8 to 8.1)
−2.6 (−4.5 to −0.7)

1.9 (1.3 to 2.5)
1.0 (0.7 to 1.2)
0.7 (0.5 to 1.0)
0.9 (0.4 to 1.5)
−0.2 (−0.5 to −0.1)

5.8 (4.3 to 7.3)
3.0 (2.4 to 3.6)
2.3 (1.6 to 3.0)
2.8 (1.2 to 4.3)
−0.7 (−1.6 to 0.2)

22.0 (18.4 to 25.6)
14.5 (13.5 to 15.6)
11.8 (9.3 to 14.2)
7.5 (3.8 to 11.2)
−2.7 (−5.3 to −0.1)

2.4 (1.4 to 3.3)
0.9 (0.7 to 1.2)
0.9 (0.5 to 1.4)
1.4 (0.6 to 2.3)
0 (−0.5 to 0.5)

7.2 (4.7 to 9.6)
2.9 (2.4 to 3.5)
3.0 (1.7 to 4.2)
4.3 (1.8 to 6.7)
0 (−1.3 to 1.4)

17.9 (14.1 to 21.4)
13.60 (12.30 to 14.97)
13.2 (11.8 to 14.6)
4.2 (0.4 to 8.1)
0.4 (−2.3 to 1.5)

1.9 (0.9 to 2.8)
1.00 (0.70 to 1.30)
0.6 (0.4 to 0.8)
0.9 (0 to 1.8)
−0.4 (−0.7 to −0.1)

6.0 (3.4 to 8.6)
3.2 (2.5 to 3.9)
1.9 (1.3 to 2.4)
2.9 (0.2 to 5.5)
−1.3 (−2.2 to −0.5)

* All estimates are directly adjusted for baseline fracture probability.
www.annals.org
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Figure 2. Subgroup analyses for absolute difference in fracture risk (95% CI) after 10 y, by change in total hip BMD.
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10
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10-y Fracture Risk vs. Stable BMD, %

All results are directly adjusted for baseline fracture probability (log transformed). Solid reference line is for the overall population. BMD = bone
mineral density.

though theoretically attractive, this approach has not
been implemented to date because suitably responsive
indicators of antifracture beneﬁts have not been identiﬁed (46, 47). Monitoring for change in BMD may contribute to this strategy. Such organizations as the U.S.
Preventive Services Task Force have provided strong
guidance about initial BMD testing for screening purposes, but they have not formulated similarly strong
recommendations about repeated BMD testing given
the limitations of the available evidence (5).
Strengths of our study include broad inclusion criteria, which are representative of women treated in routine clinical practice, and access to a DXA registry that
has rigorous data collection and linkage to administrative health care databases (17, 19). Our results are
therefore likely to be more applicable to clinical practice than those of prospective research cohorts (38) or
clinical trials (16).
Our study also has limitations. First, the threat of
“confounding by indication” exists in all observational
studies; however, that all women in this study initiated
treatment largely mitigates this concern. In addition,
women with strong contraindications to therapy or
those who are primarily nonadherent (that is, they do
not ﬁll an initial prescription) were excluded, but this
also reﬂects a common clinical reality. Second, we
lacked a standardized BMD testing interval. Although a
ﬁxed interval would be seen in a clinical trial or a research cohort, in clinical practice it cannot be strictly
enforced. However, our ﬁndings did not change in
analyses stratiﬁed by testing interval (from 1 to 3 years
to >5 years) and alternative measures of change (including annual percent change), suggesting that the
470 Annals of Internal Medicine • Vol. 165 No. 7 • 4 October 2016
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lack of a ﬁxed testing interval is not an important limitation. Unfortunately, our study cannot provide speciﬁc
guidance on the optimal testing interval, where a relatively short testing interval is often recommended (for
example, 1 to 2 years after initiating therapy) (9, 10, 48),
or the value of additional tests after a second BMD assessment. Third, we did not consider change in clinical
management that might occur based on the results
from the second BMD measurement. It is possible that
when confronted with a detectable decrease in BMD,
patients might improve their adherence to therapy or
physicians might consider a change in therapy. Alternatively, patients with a detectable increase in BMD might
be considered for a “drug holiday.” Any of these actions would be expected to bias our results toward the
null, and therefore our ﬁndings are likely to be conservative. Fourth, our estimation of baseline fracture probability with FRAX was limited by incomplete information
on parental hip fracture and reliance on proxies for
smoking and high alcohol intake; however, we have
previously shown that FRAX probability computed in
this way still accurately reﬂects fracture risk in patients
receiving osteoporosis treatment (49). Finally, we could
not assess whether falls were a risk modiﬁer because
they are incompletely recorded in administrative data
and are not considered in the FRAX algorithm (50).
In conclusion, our data support the use of serial
BMD monitoring in routine clinical practice as an indicator of treatment-related antifracture effect for women
initiating osteoporosis therapy. Treatment-related detectable increases in total hip BMD are associated with
lower risk for fracture than stable BMD, whereas detectable decreases are associated with greater risk for fracwww.annals.org
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ture. Almost one quarter of women in our sample had
detectable decreases in BMD and a commensurate increased risk for fracture. Monitoring BMD in routine
clinical practice may identify women with a suboptimal
response to osteoporosis treatment who would beneﬁt
from closer follow-up, attention to secondary causes of
osteoporosis, and directed inquiries about medication
adherence and persistence.
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Appendix Table. Study Population Baseline Characteristics, by Variables Used in Fracture Probability Assessment and Incident
Fracture Outcomes*
Characteristic

Overall

No Fracture

Incident Fracture

P Value

Patients, n
Mean age (SD), y
Mean body mass index (SD), kg/m2†
Prior fracture, n (%)
Parental hip fracture, n (%)‡
Chronic obstructive pulmonary disease, n (%)§
Glucocorticoid use, n (%)
Rheumatoid arthritis, n (%)
Alcohol use, n (%)§
Mean femoral neck T-score (SD)
Mean fracture probability (SD), %¶

6629
64.3 (10.1)
25.6 (4.7)
1140 (17.2)
276 (4.2)
511 (7.7)
306 (4.6)
229 (3.5)
174 (2.6)
−1.9 (0.8)
11.7 (7.3)

5719
63.9 (10.0)
25.6 (4.7)
889 (15.5)
248 (4.3)
420 (7.3)
256 (4.5)
190 (3.3)
136 (2.4)
−1.8 (0.8)
11.2 (6.9)

910
66.9 (10.3)
25.5 (4.8)
251 (27.6)
28 (3.1)
91 (10.0)
50 (5.5)
39 (4.3)
38 (4.2)
−2.1 (0.8)
14.7 (8.7)

<0.001
0.65
<0.001
0.077
0.005
0.174
0.139
0.002
<0.001
<0.001

BMD = bone mineral density; DXA = dual-energy x-ray absorptiometry; FRAX = Fracture Risk Assessment Tool.
* Prior fracture and other conditions required for calculating fracture probability with FRAX were assessed through a combination of hospital
discharge abstracts (diagnoses and procedures coded using the International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation,
before 2004 and International Statistical Classiﬁcation of Diseases and Related Health Problems, 10th Revision, Canada, thereafter) and physician
billing claims (coded using the International Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation) and information collected at the time of
DXA scanning as previously described (31).
† Height was measured at the time of the DXA examination with a wall-mounted stadiometer, and weight was assessed without shoes using a
standard ﬂoor scale (before 2000, height and weight were obtained by self-report). Body mass index (in kilograms/meters squared) was calculated
as weight (in kilograms) divided by height (in meters squared) and divided into quintiles.
‡ Obtained by self-report in 1904 women scanned from 2005 onward. It was not available for earlier years.
§ Proxies were used for smoking (chronic obstructive pulmonary disease diagnosis) and high alcohol intake (alcohol or substance use disorder
diagnosis) over the same time frame; these show prevalence similar to that of population-based data (31, 32).
 Prolonged glucocorticoid use (a >90-d supply dispensed in the year before DXA testing) was obtained from the provincial pharmacy system (51).
¶ FRAX major osteoporotic fractures computed with BMD.

www.annals.org

Downloaded From: http://annals.org/ by Kevin Rosteing on 11/14/2016

Annals of Internal Medicine • Vol. 165 No. 7 • 4 October 2016

Appendix Figure 1. Study population eligibility and
ineligibility criteria.
Women aged ≥40 y with the following:
First DXA test after 1 April 1998 (n = 54 833)
Second DXA test before 31 March 2013 (n = 16 936)
Untreated before first DXA test (n = 13 510)
Initiated treatment after first DXA test (n = 6799)
Excluded (n = 170)
<365 d coverage before first DXA test: 64
<365 d coverage after first DXA test: 5
Interval between DXA tests <1 y: 39
Unable to assess BMD change for any site: 62
Final study population (n = 6629)
Available for total hip BMD analysis: 6563
Available for femoral neck BMD analysis: 6572
Available for lumbar spine BMD analysis: 5690

BMD = bone
absorptiometry.

mineral

density;

DXA

=

dual-energy
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Appendix Figure 2. Adjusted HRs (95% CIs) for incident fracture per SD increase in BMD using continuous measures of
change.
A. Total Hip
Alternate Measures
Absolute change
Percent change
Annualized percent change
Age
40–64 y
65–74 y
≥75 y
BMD Diagnosis
Nonosteoporotic
Osteoporotic
BMD Interval
1–3 y
3–5 y
>5 y
Medication Possession Ratio
<0.50
0.50–0.79
≥0.80

B. Femoral Neck

Adjusted HR

Alternate Measures
Absolute change
Percent change
Annualized percent change

0.81 (0.76–0.86)
0.82 (0.77–0.87)
0.84 (0.79–0.90)

Age
40–64 y
64–74 y
≥75 y

0.88 (0.80–0.97)
0.75 (0.67–0.82)
0.80 (0.70–0.91)
P = 0.132

BMD Interval
1–3 y
3–5 y
>5 y

0.82 (0.69–0.98)
0.79 (0.71–0.89)
0.82 (0.75–0.89)
P = 0.99

Medication Possession Ratio
<0.50
0.50–0.79
≥0.80

0.81 (0.74–0.89)
0.78 (0.66–0.91)
0.81 (0.72–0.92)
P = 0.72
0.5

1.0

1.5

Alternate Measures
Absolute change
Percent change
Annualized percent change
Age
40–64 y
64–74 y
≥75 y
BMD Diagnosis
Nonosteoporotic
Osteoporotic
BMD Interval
1–3 y
3–5 y
>5 y
Medication Possession Ratio
<0.50
0.50–0.79
>0.80

0.84 (0.78–0.9)
0.86 (0.76–0.99)
P = 0.78
0.88 (0.73–1.05)
0.80 (0.71–0.9)
0.83 (0.75–0.91)
P = 0.87
0.80 (0.73–0.89)
0.83 (0.70–0.98)
0.87 (0.77–0.98)
P = 0.33
0.5

1.0

1.5

Adjusted HR for Fracture

Adjusted HR for Fracture
C. Lumbar Spine

0.83 (0.77–0.88)
0.84 (0.79–0.90)
0.88 (0.83–0.95)

0.88 (0.80–0.97)
0.75 (0.67–0.84)
0.83 (0.72–0.96)
P = 0.268

BMD Diagnosis
Nonosteoporotic
Osteoporotic

0.84 (0.78–0.90)
0.75 (0.66–0.85)
P = 0.128

Adjusted HR

Adjusted HR
0.94 (0.88–1.02)
0.97 (0.90–1.04)
1.00 (0.93–1.07)

0.98 (0.87–1.09)
0.96 (0.84–1.10)
0.95 (0.80–1.14)
P = 0.98
1.02 (0.92–1.14)
0.92 (0.83–1.02)
P = 0.122
1.09 (0.89–1.32)
0.89 (0.78–1.02)
0.94 (0.85–1.05)
P = 0.34
0.91 (0.80–1.03)
0.86 (0.72–1.04)
1.07 (0.94–1.22)
P = 0.28
0.5

1.0

1.5

Adjusted HR for Fracture

Solid reference line is for absolute change in the overall population. P values are for interactions. All results are adjusted for baseline fracture
probability. BMD = bone mineral density; HR = hazard ratio. A. Total hip: absolute change (for subgroups), 1 SD = 0.048 g/cm2; percent change,
1 SD = 5.95%; and annual percent change, 1 SD = 1.56% per year. B. Femoral neck: absolute change (for subgroups), 1 SD = 0.048 g/cm2; percent
change, 1 SD = 6.10%; and annual percent change, 1 SD = 1.60% per year. C. Lumbar spine: absolute change (for subgroups), 1 SD = 0.067 g/cm2;
percent change, 1 SD = 7.48%; and annual percent change, 1 SD = 2.04% per year.
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