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Change in Bone Mineral Density Is an Indicator of Treatment-Related
Antifracture Effectin Routine Clinical Practice

A Registry-Based Cohort Study
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Background: Whether change in bone mineral density {BMD} is
an accurate indicator of antifracture effect in dlinical practice is
unknown.

Dbjective: To evaluate repeated BMD testing as an indicator of
treatment-related fracture risk reduction.

Desigm: Registry-based cohort study.
Setting: Manitoba, Canada.

Patients: 6629 women aged 40 years or older initiating osteo-
porosis freatment with 2 consecutive dual-energy x-ray absorp-
tiometry scans (mean interval, 4.5 years).

Measurements: Change in BMD between the first and sacond
dual-energy x-ray absorptiometry scans categorized as stable,
detectable decrease, or detectable increase. Incident fractures
were ascertained from health services data,

Results: During a mean of 9.2 years, 910 (13.7%) women devel-
oped incident fractures, including 198 with hip fractures. After
adjustrment for baseline fracture probability, women with a de-
tectable decrease in total hip BMD compared with stable BMD

had an absolute increase of 2.9% (95% Cl, 1.5% to 4.4%) and
5.5% (Cl, 2.8% to 8.1%) in the 5- and 10-year cumulative inci-
dence of any fracture, respectively. In contrast, risk for any frac-
ture in women with a detectablg increase in total hip BMD was
1.3% (Cl, 0.4% to 2.2%) and 2.6% (Cl, 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 stendardization 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
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05teoporosis-related fractures are common and
impose a large societal burden in terms of human
and economic costs (1). In the absence of a typical low-
trauma 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 eval-
uation 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 pharmaco-
therapy also remains controversial (9, 10). Group-leve!
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 [oss—is
uncommon, particufarly when the patients are receiving

www.annals.ong

Downloaded From: htip://annals.org/ by a University of Manitoba User on 07/18/2016

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 follow-
up, adherence and persistence with medications are
difficutt to monitor, and patients often have underlying
conditions that wouid exclude many from trial partici-
pation. We used population-based registries from Man-
ftoba, Canada, to assess the effectiveness of repeated
BMD testing in routine clinical practice as a predictor of
treatment-related fracture risk reduction in women ini-
tiating treatment.

METHODS
Patient Population

In Manitoba, Canada {population, 1.2 million per-
sons), health services are provided to virtually all resi-
dents through a public health care system. Since 1997,
DXA testing has been managed as an integrated pro-
gram (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 glu-
cocorticoid 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-
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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 complete-
ness 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 cross-
calibrated 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 assess-
ment 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 mare 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 recom-
mendations. Femoral neck and total hip T-scores (num-
ber of 5Ds above or below the mean BMD for young
adults) were calculated from NHANES !l {Third National
Health and Nutrition Examination Survey) reference val-
ues 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 as-
surance is under strict supervision by a medical physi-
cist {17). The instruments used for this study exhibited
stable long-term perfermance (coefficient of variation,

nologists are required to maintain DXA certification
with the International Society for Clinical Densitometrg.

The absolute BMD difference (measured in g/cm?)
between the 2 DXA tests was compared with 95% least-
significant change (LSC} valies for assessment of
change using accepted methods, where L5C 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 re-
positioning with the same technologist) is more repre-
sentative of measurement error encountered during
clinical monitoring (26}, From these scan pairs, we ob-
tained the following 95% L5C values, which are within
acceptable ranges (25} total hip, 0.030 g/cm?; tumbar
spine, 0.050 g/cm®; and femoral neck, 0.055 g/cm?. An
observed absolute difference |less than these values
would be considered to be within the range of mea-
surement errar {stable), whereas an increase or de-
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Treatment-Related Antifracture Effect

crease 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 So-
ciety 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 osteo-
porotic 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 calcu-
lating fracture probability with FRAX were assessed
through a combination of hospital discharge abstracts
(diagnoses and procedures coded using the Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Medification, before 2004 and International Statistical
Classification of Diseases and Related Health Problems,
10th Revision, Canada thereafter), physician billing
claims {coded using International Classification of Dis-
eases, Ninth Revision, Clinical Modification), and infor-
mation collected directly from patients at the time of
DXA scanning as previously described {(Appendix Ta-
ble, 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},

Frachures Qutcomes

Records from Manitoba Health were assessed for
the presence of incident nontraumatic hip, clinical ver-
tebral, forearm, and humerus fracture diagnostic codes
(collectively designated as major osteoporotic frac-
tures} using previously validated algorithms (33, 34).
Fractures that were not associated with trauma codes
were assessed through a combination of hospital dis-
charge abstracts and physician billing claims. We re-
quired that hip and forearm fracture codes be associ-
ated with site-specific fracture reduction, fixation, or
casting codes to enhance specificity for an acute frac-
ture 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 4 months preceding an inci-
dent 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 be-
tween DXA scans, which was the site with the smallest
measurement error; these scans were categorized as
stable (referent), detectable decrease, or detectable in-
crease. Cumulative incidence curves, along with point
estimates and 95% Cls at 5 and 10 years, were directly
adjusted for baseline fracture probability (35). Average
absolute differences in cumulative fracture risk were
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Tabile 1. Baseline Characteristics of the Study Population, Overall and by Incident Fracture Status*

Characteristic Overall No Fracture Fracture PValue
{n = 6629) (n=5M1¥" (n=910)
Mean age (5D), y 64.3 {10.1) 4390100} 66.9(10.3} <0001
Age, n (%)
40-64 ¢ 3359 (50.7} 2998 (52.4) 361 (39.7) <0.001
65-74y 2188{33.0} 1857 {32.5}) 331 (346.4}
=75y 1082 (16.3) 844 {15.1) 218{24.0)
Mean 10-y fracture probability {SDj, %t 11.7(7.3) 112(6.9 14.7 (8.7} <0.001
Ostecparasis diagnosis {T-score £—2.5), n (%) 3789(57.2} 3190(55.8) 597 (65.8) <(.001
Mean T-score among patients with csteoporosis {SD)
Total hip -1.4{1.0) -1.5(1.0) -1.9{1.Q) <0.001
Fermoral necl —1.9{0.8} -1.8(0.8} -2.1{0.8) (0,001
Lumbar spine -2.2(1.2) =2.2(1.2) -25(1.2) <0.001
Mean BMD interval (SD), y 4.5(2.2} 4.5(2.2} 4.8(2.4} «<0.001
BMD interval, n (%)
13y 1404 {24.2} 1392{24.3) 212{23.3} <{.001
35y . 3013 (45.5) 2642 (46.2} 371 {40.8}
>S5y 2012(30.4) 1685(29.5) 327(35.9}

BMD = bone mineral density; FRAX = Fracture Risk Assessment Toal.
* Percentages may not sum to 100 due to rounding.
1 FRAX major osteoporotic fractures were computed with BMD.

compared based on change in BMD (detectable de-
crease or increase vs. stable BMD), and 95% Cls were
estimated. Analyses were conducted using SAS, ver-
sion 9.3 (SAS Institute).

We did a series of secondary sensitivity analyses to
test the robustness of our findings and explore poten-
tial 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 Jumbar spine BMD. Finally,
we explored potential interactions in multiplicative Cox
proportional hazards models stratified according to
age (40 to 64, 45 to 74, and 275 years); baseline BMD
{osteoporotic vs. nonosteoporatic T-scores); BMD test-
ing interval (1 to 2.9, 3to 5, and >5 years); and medi-
cation 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
change in BMD: absolute change (measured in g/crm?),
percent change, and annual percent change. Hazard
ratios (HRs) were adjusted for baseline fracture proba-
bility. The proportional hazards assumption was con-
firmed by testing the correlation between scaled
Schoenfeld residuals versus time.

Role of the Funding Source
This study received no funding.

REesuLTs

The potentially eligible population consisted of
6799 women (Appendix Figure 1, available at www
.annals.org). After 170 ineligible women were ex-
cluded, 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, 4572 women; lumbar

www.annals.erg

Dewnloaded From: http://annals.org/ by 2 University of Manitoba User on 07/18/2016

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 arti-
facts, 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 osteo-
porosis at 1 or more skeletal sites. Additional risk fac-
tors for fracture were used in computing baseline prob-
ability (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 220% or hip
fracture 23%). Bisphosphonates were initially pre-
scribed in 84.9% of women; 87.9% were receiving bis-
phosphonates 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 in-
crease 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%;

Table 2. Detectable Change in BMD Between the First
and Second DXA Scans*

Meaturement Stable Datectable Detectable

Site Decroase Increase

Total hip 3333 (h0.B) 1235(18.8} 1998 (30.4)

Femoral neck 5284 {80.4) £42(9.8) 547 (9.8)

Lumbar spine 2841 {50.3) 585 ({10.3) 2245(39.4)
BMD = hone mineral density; DXA = dualenergy x-ray
absorptiometry.

* Values are numbers (percentages). Classification of change is based
on the absolute difference in BMD between the 2 DXA scans (in
fem®) compared with the 95% jeast si‘gniﬁcant change (total hip,
}0302}gfcm : lumbar spine, 0.050 g/em®; and femoral neck, 0.055
gfem?)
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Figure 1. Cumulative fracture risk, by change in total hip BMD.

Treatment-Related Antifracture Effect
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detectable decrease vs. stable BMD (P < 0.001) and detectable increase vs, stable BMD (P = 0.147) are depicted.

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%)
women who initiated osteoporosis therapy, represent-
ing 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; verte-
bral, 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 asceciated with lower rigk 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% Cl, 1.5% to 4.4%] after 5 years and 5.5% [C],
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% [Cl, 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
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1.3% (Cl, 0.4% to 2.2%) lower after 5 years and 2.6%
(Cl, 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
the results for total hip BMD. Subgroup analyses for
change in total hip BMD showed consistent results ac-
cording to baseline age, whether baseline BMD mea-
surement was osteoporotic, BMD testing interval, or
medication possession ratio (Figure 2).

Sensitivity Analysis

When change in BMD was analyzed as a continu-
ous measure, findings paralleled those based on the
rateqorical analysis. Every SD increase in total hin BMD
during treatment was associated with a 19% relative
reduction in the fracture hazard rate (HR, 0.81 [Cl, 0.74
to 0.86]); we also found a significant reduction for
change in femoral neck BMD (HR, 0.B3 [Cl, 0.77 to
0.88]). In contrast, associstion between lumbar spine
BMD and incident fracture risk was modest and of bor-
derline statistical significance (HR, 0.94 [Cl, 0.88 to
1.02]). Similar results were seen when change was ex-
pressed as a percent change or annual percent change
(Appendix Figure 2, available at www.annals.org). No
significant interactions were identified.

D15CUSSION

Using a population-based BMD registry linked with
comprehensive administrative databases for Manitoba,
Canada, we were able to examine fracture cutcomes 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 osteopo-
rosis treatment was an indicator of fracture risk reduc-
tion. Mest important, the greater the increase in total
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Table 3. Cumulative Fracture Risk After 5 and 10 Years, by Change in BMD*

BMD Change Category Risk for Any Risk for Hip
Fracture {¥5% Cl1}, % Fracture {95% CI). %
Sy 10y Sy 10y
Total hip
Detectable decrease 10.1 (8.7 to 11.5) 201 {17.71022.5) 19(1.3102.5) 5.8{2.31t0 7.3)
Stahle 7.2(6.51t0 8.0) 14.7{13.3 10 13.9} 1.0{0.7t01.2) 3.0{2.410 3.6}

59{51t0c6.7)
29(1.5t104.4)
-1.3{-2.2tc -0.4)

Dstectable increase
Detectable decrease vs. stable
Detectable increase vs. stable

Femoral neck
Detectable decrease
Stable
Datectable increase
Detectable decrease vs. stable
Detectabls increase vs, stable

11.2{2.11013.2)
7.1{(65t07.8)
58{45107.0)
40(2.010 6.1}

-1.4(-27t0 -0.1)

Ltumbar spine
Detectable decrease B8.9(6.9t0 10.9}
Stable 6.7 (5.910 7.5)
Detectable increase 6.5(5.6107.3)
Detecrable decrease vs. stable 22{0.2mp4.3)
Detectable increase vs. stable -0.2(-1.2t00.8)

12.1(10.6 10 13.5)
5.5(2.81to0B.1)

0.7{05t0 1.0}
0.9 (0.4 to 1.5}

23(1.6t03.0)
2.8{1.21t0 4.3}

-2.6(-4.5t -0.7) -0.2(~0.510 0.1} ~0.7(-1.6t002)
22.0{18.4t0 25.6) 2.4(1.4103.3) 7.2{4.7 to 9.6}
14.5{13.5t0 15.6) 0.9(0.7t01.2) 2.9{24103.5)
11.8{9.31014.2) 0.9{0.510 1.4} 30(1.7104.2)
7.5(3.811.2) 1.4{0.6 to 2.3} 4301810 6.7)

-2.7{-53to-0.1) 0(-0.5t0 0.5) 0{-13tc 1.4}
17.9{14.1 t0 21.4) 1.7(0.91t02.8) 6.0{3.4 o 8.4)
13.60{12.30 to 14.97) 1.00 (0.70 to 1.30) 32(25t03.9)
13.2{11.8 10 14.6) 0.6{0.4100.8) 1.9{1.3102.4)
4.2{0.4t0 8.1} 0.2(0to 1.8) 2.9(0.210 5.5)

04(-2.31015)

-0.4(-0.7t0-0.1} -1.3{-2.210 -0.5)

* All estimates are directly adjusted for baseline fracture probability.

hip BMD, the lower the fracture risk. In contrast, a de-
crease in total hip BMD during treatment was not un-
common and occurred in almost 1 in 5 women. This
was associated with a substantially increased fracture
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 as-
sociation 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 assess-
ment of BMD in the lumbar spine and can produce
erroneous results in older adults during foilow-up {37).

Figure 2. Subgroup analyses for absolute difference in fracture risk (95% Cl} after 10y, by change in total hip BMD.

Fracture Risk Detecteble Increase  Detectable Decrease Fraclure Risk
Age Age
A0=64 v -1.5 (-2.6 to =0.4} i ——ta——o 4084y 60(31t09.0)
a5-74y -2.3 {-4.1 to -0.6) —p— b 65-74y 52260 7.7
275y -2.5 (-4.5 ta -0.6) —— —— 375y 56(2.8 eI
BMD Diagnosis BMD Diagnasis
Nonosteoporotic —2.5 (4.2 ta —0.8) — ——i Nanosteoporolic 5.4 (2.9 0 7.9)
Osteoporotic —-2.9(-4.9 to -0.9) b k—rteo——i QOsteoporotic 62(33t9.1)
BMD Interval BMD Interval
1-25y 27 (-4.7 to =0.7) '-—': —b—— 129y 57 (2.6 to 8.8)
35y -2.4(~4.2 to —0.6) — —a— 35y 5.2(2.4 0 7.9}
=5y —2.6 {=4.5 to -0.6) ¥ L >S5y 55(2.7to 8.3)
Medication Possession Ratfo Medicatfon Possession Ratlo
«<0.5 ~2.6 (—4.5 to —0.6) —— —_— «<0.5 55(2.7t08.2)
0.5-0.79 ~2.2 (-4.0 to —-0.5) —— — 0.5-0.79 4.8(12.21t07.4)
0.8 =27 (~4.7 {o -0.6) e —p— 208 5.6 (2.6 to 0.6}
08 6 4 2 0 2 4 € 8§ 10
«——LowerRisk Higher Risk———»
10-y Fracture Risk vs. Stable BMD, %

Solid reference line is for the cverall population. BMD = bone mineral density.

* All results are directly adjusted for baseline fracture prabability {log transformed).
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Qur study complements previous reports that have
looked at BMD monitoring in women not receiving os-
teoporosis therapy. Gourlay and colleagues (38) found
that the likelihood of transition to a diagnosis of osteo-
porosis 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 subse-
quent 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 fre-
quent rescreening before age 65 years. The change in
BMD in the absence of treatment or high-risk medica-
tions (such as glucocorticoids or aromatase inhibitors)
is typically small-0.5% to 1.5% per year (13-15). Al-
though longer testing intervals could be considered for
wamen 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 alendro-
nate, 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 pa-
tient's adherence and persistence with therapy in clini-
cal practice is notoriously difficult (42). In a pooled anal-
ysis from 3 pivotal risedronate trials (active treatment in
2047 women), Watts and colteagues (43) reported that
patients whose BMD showed any dacreaze were at a
significantly greater risk for radiographic vertebral frac-
ture than those whose BMD showed any increase. How-
ever, fracture risk was similar in patients with a smaller
(<5%) versus larger (25%) increase in BMD. This study
did not assess the total hip site, clinical vertebra! frac-
tures, or nonvertebral fractures and also did not differ-
entiate 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 ob-
served 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 {14). Monitor-
ing BMD provides useful information about whether an
antifracture benefit has occurred. if confirmed, our re-
sults could help inform a goal-directed (or treat-to-
target) paradigm for osteoporosis therapy (45). Al-
though theoretically attractive, this approach has not
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been implemented to date because suitably responsive
indicators of antifracture benefits have not been identi-
fied {46, 47). Monitoring for change in BMD may con-
tribute to this strategy. Such organizations as the U.S.
Preventive Services Task Force have provided strong
guidance about initial BMD testing for screening pur-
poses, but they have not formulated simiiarly strong
recommendations about repeated BMD testing given
the limitations of the available evidence (5).

Strengths of our study include broad inclusion cri-
teria, which are representative of women treated in rou-
tine clinical practice, and access to a DXA registry that
has rigorous data collection and linkage to administra-
tive health care databases (17, 19). Our results are
therefore likely to be more applicable to clinical prac-
tice than those of prospective research cohorts {38) or
clinical trials (16).

Qur study also has limitations. First, the threat of
“confounding by indication” exists in ail cbservational
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 nonadhcrent (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 re-
search 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 (in-
cluding annual percent change), suggesting that the
tack of a fixed testing interval is not an important limi-
tation. Unfortunately, our study cannot provide specific
guidance on the optimal testing interval, where a rela-
tively short testing interval is often recommended (for
example, 1to 2 years after initiating therapy) (9, 10, 48),
or the value of additional tests after a second BMD as-
sessment. Third, we did not consider change in clinical
management that might occur based on the resuits
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. Alterna-
tively, patients with a detectabie increase in BMD might
be considered for a “drug holiday.” Any of these ac-
tions would be expected to bias our results toward the
null, and therefore our findings are likely to be conser-
vative. Fourth, our estimation of baseline fracture prob-
ability 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 indi-
cator ot treatment-related antifracture effoct for women
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initiating osteoporosis therapy. Treatment-related de-
tectable increases in total hip BMD are associated with
lower risk for fracture than stable BMD, whereas detect-
able decreases are associated with greater risk for frac-
ture. Almost one quarter of women in our sample had
detectable decreases in BMD and a commensurate in-
creased 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™

Characterlstlc Overall No Fracture incident Fracture P Value
Fatients, n 6629 5719 210

Mean age {SD), y &4.3{10.1) &3.9{10.0) 66.9{10.3) <0.001
Mean body mass index {SD), kg/m2t 25.6(4.7) 25.6({4.7) 25.5({4.8) 0.65
Priar fracture, i (%) 114G (17.2} B89 {132.3) 251 (27.8} <0.004
Parental hip fracture, nr (%)% 274 1(0.2) 248 (4.3) 28(3.3) 0.n77
Chronic obsiructive pulmonary disease, n {%)§ 511(7.7) 420(7.3) 91 (10.0} 0.005
Glucocorticoid use, n (%) 306 (4.6) 254 (4.5) 50 (5.5) 0.174
Rheumatoid arthritis, i (%) 229(3.5} 190 (3.3) 39(4.3) 0.13%9
Alcohol abuse, n (%)§ 174{2.8) 136 (2.4) B4.2) 0.002
Mean femaral neck T-scare ($D) -1.9(0.8) ~1.8(0.8) =2.1{0.8) <0.001
Mean fracture prabability {(SD), %9 11.7(7.3} 11.2{6.9) 147{8.7) 0,001

BMD = bene mineral density; DXA = dual-energy x-ray sbsorptiometry; FRAX = Fracture Risk Assessmart Tool.

* Prior fracture and other conditions required for calculating fracture probability with FRAX ware assessed through a combination of hosgpital
discharge abstracts {diagnoses and procedures coded using the International Classification of Diseases, Ninth Revision, Clinical Modification,
befare 2004 and International Statistical Classification of Dissases and Related Health Problems, 10th Revision, Canada, theresfter) and physician
billing claims {coded using the international Classification of Dissases, Ninth Revision, Clinical Modification} and infarmation collected at the time of
DXA scanning as previously described (31},

t 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 caleulated
as weight (in kilograms) divided by height (in meters} squared and divided into guintiles.

T Obtained by self-report in 1904 women scanned from 2005 onward. It was not available for earlier years.

§ Proxies were usad for smoking (chronic abstructive pulmonary disease diagnosis} and high alcohol intake (aleohol or substance abuse diagnosis)
aver the same time frame; these show prevalance similar to that of population-based data {31, 32},

| Pralonged glucocorticoid use {(a »90-d supply dispensed in the year before DXA testing) was obtained from the pravincia! pharmacy system {51).
1 FRAX major osteoporotic fractures computed with BMD.
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Appendix Figure 1. Study population eligibility and
ineligibility criteria,

Women aged 240 y with the following:
First DXA test after 1 Aprll 1998 (n= 54 833}
Secund DA test before 31 March 2013 (= 16936)
Untreated before first DXA test (= 13540}
Initiated treatment after first DXA test (n = §799)

Excluded (n= 170)
<365 d coverage before first DXA tesk 64
<365 d coverage after first DXA test: 5
Interval between DXA tests <1 y: 39
Unable to assess BMD change for any slte: 62

¥

¥

Final study populatien {n = 6629)
Avallable for total hip BMD analysis: 6563
Avallable for fermoral neck BMD analysis: 6572
Avallable for lumbar spine BMD analysis: 5690

BMD = bone mineral densityy DXA = dual-energy x-ray
absorptiometry.
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Appendix Figure 2. Adjusted HRs {95% Cls) far incident fracture per 5D increase in BMD using continuous measures of

change.
A, Total Hip Adjusted HR B. Femoral Neck Adjusted HR
Alternate Measures J Altemate Measures
Absolute change 0.81 {0.76-0.86) E Absolute change 0.83 {0.77-0.88) o
Percentage change 0,82 (0.77-0.87) 4 Percentage change 0.84 (0.79-0.90) H-
Annuallzed percentage change 0.84 (0.79-0.90) I-r—| Annualized percentage change 0.88 (0.83—0.95) e
Age Age
40-64 y 0.88 (0.80-0.97) Ir—H 4064 y 0.88 (0.80~0.97) Hj-l—l
65-74y 0.75 (0.67-0.82) e &-74y 0.75 {0.67-0.84)
275y 0.80 (0.70-0.90) HH 75y ©0.83 (0.72-0.96) HL-l
P=0132 P=0.268
BMD Diagnosis BMD Diagnosis
Nonoesteoporotic 0.84 (0.78-0.90) *t—i Honosteoporotic 0.84 (0.78-0.9} I-*L—|
Csieoporotic 0.75 {0.66-0.85) -9 Osteaporotic 0.86 (0.76-0.99) —je—
P=0.128 P=078
BMD Inberval L_‘ BMD Interval
13y 0.82 {0.69-0.98) 1-3y 0.88 {0.73-1.05) +——
35y 0.79 (0,71-0.89) :—4 35y 0.60(0.71-0.9) -t
>5y 0.82 (D.75-0.89) >5y 0.83 (0.75-0.91) 8
P=0599 P=0.87
Medication Possesslon Ratio Medleation Possession Ratlo
<0.50 0.81(0.74-0.85) 4~ <0.50 0.80 (0.73-0.89) o]
0.50-0.79 0.78 (0.66-0.91) +—8— 0.50-0.79 0.83 {0.70~0.98) —t
20.80 0.81 {0.72-0.52) HL| =0.80 0.87 (0.77-0.98) 10—4
P=0.72 P=033
05 10 15 o5 10 15
Adjusted HR for Fracture Adjusted HR for Fracture
C. Lumbar Spine Adjusted HR
Altemate Measures
Absolute change 0.94 (0.88-1.02) '—t‘
Percentage change 0.97 (0.90-1.04) H
Annualized percentage change 1.00 (0.93-1.07} J-O—(
Age
40-64 ¢ 0.98 {0.87-1.09) —He—
64-74 y 0.96 (0.84-1.10) I—L—-l
275y 0.95 {0.80-1.14} i—‘h———I
P=0.98
BMD Diagnosls
Nonosteoporotic 1.02 {0.92-1.14)
Osteoporotic 0.92 (0.83-1.02) )—J‘T:l__.
P=0122
BMD Interval
1-3y 1.09 (0.89-1.32) H—e—
35y 0.89 {0.76-1.02) 1
*5y 0.94 (0.85-1.05)
P=0.34 F
Medication Possession Ratfo
=0.50 0.91 (0.80-1.,03) e
0.50-0.7% 0.86 (0.72-1.04) |—e——
=080 1.07 (0.94-1.12) ———
P=023
05 10 15
Adjusted HR for Fracluce

Solid referance 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 8D = 0.048 g/em®; percent changs,
18D = 5.35%; and annual percent change, 1 SD = 1.56% par year. B. Femoral nack: absolute change (for subgroups), 1 SD = 0.048 gfem?; percent
change, 1 SD = 6.10%; ancj)annual percent change, 1 5D = 1.60% per year, C. Lumbar spine: absolute change (for subgroups), 1 5D = 0.067 g/cm?;
percent change, 1 50 = 7.48%; and annual percent change, 1 5D = 2.04% per year.
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