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Our purpose was to identify factors for a parsimonious fracture risk assessment model considering morphometric
spine fracture status, femoral neck bone mineral density (BMD) and the World Health Organization (WHO) clinical
risk factors. Using data from 2761 subjects from the Canadian Multicentre Osteoporosis Study (CaMos), a prospective,
longitudinal cohort study of randomly selected community-dwelling men and women aged >50 years, we previously
reported that a logistic regression model considering age, BMD and spine fracture status provided as much
predictive information as a model considering these factors plus the remaining WHO clinical risk factors. The current
analysis assesses morphometric vertebral fracture and/or nonvertebral fragility fracture at 5 years using data from an
additional 1964 CaMos subjects who have now completed 5 years of follow-up (total N = 4725). Vertebral fractures were
identified from lateral spine radiographs assessed using quantititative morphometry at baseline and end point.
Nonvertebral fragility fractures were determined by questionnaire and confirmed using radiographs or medical records;
fragility fracture was defined as occurring with minimal or no trauma. In this analysis, a model including age, BMD
and spine fracture status provided a gradient of risk per s.d. (GR/s.d.) of 1.88 and captured most of the predictive
information of a model including morphometric spine fracture status, BMD and all WHO clinical risk factors (GR/s.d.
1.92). For comparison, this model provided more information than a model considering BMD and the WHO clinical risk
factors (GR/s.d. 1.74). These findings confirm the value of age, BMD and spine fracture status for predicting fracture risk.

BoneKEy Reports 2, Article number: 404 (2013) | doi:10.1038/bonekey.2013.138

Introduction therapy >3 months, minimal trauma fracture after age 50,

Prevalent vertebral fractures increase the risk of new vertebral
and nonvertebral fractures in postmenopausal women.'™
Other important risk factors for fracture include a femoral
neck bone mineral density T-score (BMD) and a set of clinical
risk factors identified by the World Health Organization (WHO),
including age, cigarette smoking, systemic glucocorticoid

parental hip fracture, alcohol use, rheumatoid arthritis and
secondary osteoporosis. We previously performed a series of
logistic regression analyses to identify a parsimonious model for
predicting any future vertebral or nonvertebral fragility fracture
using data from the Canadian Multicentre Osteoporosis Study
(CaMos), a prospective, randomly selected population-based
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community cohort.® The study included BMD, lateral thoracic
and lumbar spine radiographs and interviewer-administered
questionnaires.® According to an analysis based on 2761
CaMos subjects, the most predictive risk factors for incident
fracture were age, BMD and spine fracture status (whether or
not morphometric vertebral fractures were present).” A model
considering these risk factors provided almost all of the
information provided by models that included spine fracture
status, BMD and all WHO clinical risk factors.” For comparison,
this model captured more information than a model considering
BMD and the WHO clinical risk factors.”

The objective of the current analysis was to validate the
importance of age, BMD and spine fracture status to predict
fracture risk in an independent sample using recently available
data from 1964 CaMos subjects whose spine radiograph
morphometric assessments were previously not complete. The
risk of fracture is known to be determined by multiple inde-
pendent risk factors, and consideration of multiple risk factors
combined with BMD in the assessment of fracture risk
increases the sensitivity of the test procedure without sacri-
ficing specificity.2 We analyzed models considering a range of
risk factors and compared the performance of these models for
predicting fracture risk using the gradient of risk per s.d. (GR/
s.d.) In this context, the GR/s.d. represents the increase in
fracture risk per s.d. increase in a risk score.® Models with a
higher GR/s.d. more accurately identify the individuals who will
fracture® and enlarge the population that can be identified at any
particular threshold of risk.'®

Results

Subject characteristics. The original CaMos cohort initially
included 7753 subjects aged 50 years and over, including 4725
with spine radiographs at both baseline and 5 years. The
previous report for Cohort 1 included 2761 subjects.” Analyses
of vertebral deformities were subsequently completed for an
additional 1964 subjects defined as Cohort 2. Baseline

characteristics of these subjects and the incidence of fractures
at 5 years are shown in Table 1.

Comparison of models considering spine fracture status,
BMD and WHO clinical risk factors versus BMD and WHO
clinical risk factors. The performance of each model was
assessed as the gradient of risk, that is, the increase in fracture
risk per s.d. (GR/s.d.). In Cohort 1, the GR/s.d. for a model
including BMD and the WHO clinical risk factors was 1.84. For a
model including BMD, WHO clinical risk factors and spine
fracture status (yes/no), the GR/s.d. was 2.04. Similarly, in
Cohort 2, the GR/s.d. for a model including BMD and the WHO
clinical risk factors was 1.74; for a model including BMD, the
WHO clinicalrisk factors and spine fracture (yes/no), it was 1.92.
Thus, in both cohorts, consideration of spine fracture status
added additional prognostic information to that provided by
BMD and the WHO clinical risk factors.

Univariate analyses for 5-year risk of new fractures. Inboth
cohorts, age, femoral neck T-score and spine fracture status
(yes/no) provided the highest GR/s.d. Previous clinical fracture
had the next highest GR/s.d. and other risk factors provided
lower GR/SDs (Figure 1).

Multivariate analyses for 5-year risk of new fractures.
These analyses provided results that were similar in men and
women (data not shown); therefore, multivariate analyses were
performed combining the data for both sexes. The performance
characteristics of models with sequential addition of the most
important risk factors are shown in Figure 2. In both cohorts,
compared with a model including age alone, the GR/s.d.
increased with models including age, femoral neck BMD
T-score and spine fracture status. However, the GR/s.d. did not
increase for models including these risk factors plus additional
WHO clinical risk factors.

Table 1 Baseline characteristics and 5-year incidence of fracture in CaMos participants aged 50 and older who had complete assessments at baseline and 5 years

Cohort 1 Cohort 2
Women Men Women Men
n=1985 n=776 n=1447 n=517

Age (years), meanzts.e. 64.4+0.2 64.3+0.3 65.5+0.2 64.8+0.4
Height (cm), mean 159.6 173.2 160.0 173.9
Weight (kg), mean 68.3 81.6 69.9 83.8
BMI (kgm ~2), mean 26.8 271 27.3 27.7
Lumbar spine T-score< — 2.5, n (%) 284 (14.31) 16 (2.06) 249 (17.21) 25 (4.84)
Femoral neck T-score< — 2.5, n (%) 178 (8.97) 31 (3.99) 187 (12.92) 34 (6.58)
Vertebral fracture, % 20.9 19.8 22.7 22.2
Femoral neck T-score, mean+s.e. —1.24+0.02 —0.91+0.038 —1.41+£0.02 —1.01+£0.04
Prior clinical fracture, % 15.5 6.7 20.5 11.8
Parental history of hip fracture, % 11.4 9.4 12.3 10.3
Prior glucocorticoid use, % 1.2 1.5 1.7 0.8
Current smoking, % 12,5 13.9 12.3 17.6
Consume >2 units of alcohol per day, % 1.4 7.1 0.8 8.3
Rheumatoid arthritis, % 6.2 4.6 7.9 4.4
Incidence of fracture, n (%)

Vertebral fracture 239 (12.0) 105 (13.5) 216 (14.9) 68 (13.2)

Nonvertebral fracture 148 (7.5) 23 (3.0) 115 (7.9) 29 (5.6)

Any? 352 (17.7) 122 (15.7) 303 (20.9) 88 (17.0)

AMorphometric vertebral fracture and/or nonvertebral fragility fracture.
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Figure 1 Univariate analyses of GR/s.d. for predicting 5-year fracture risk. BMD,
femoral neck T-score; VFx, spine fracture status (yes/no); Clin, previous clinical

fracture; FH, parental history of hip fracture; Smo, current smoking; GC, systemic
glucocorticoids >3 months; RA, rheumatoid arthritis: EtOH, > 2 alcoholic drinks/day.
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Figure 2 GR/s.d. for models including baseline age, age + femoral neck T-score,
age + femoral neck T-score + spine fracture status (yes/no), etc. BMD, femoral neck
T-score; VFx, spine fracture status; Clin, previous clinical fracture; FH, parental history
of hip fracture; Smo, current smoking; GC,systemic glucocorticoids >3 months; RA,
rheumatoid arthritis; EtOH, >2 alcoholic drinks/day.

Absolute risk of fracture based on age, femoral neck BMD
T-score and spine fracture status. The 5-year absolute risk of
incident fragility fracture for data from pooling of CaMos
Cohorts 1 and 2 based on age, BMD and presence or absence
of spine fracture is shown for women (Figure 3, Table 2) and
men (Table 3). Fracture risk increased in both men and women
with increasing age, lower BMD and presence of spine fracture.
Figure 3 shows that, at any age, the risk conferred by presence
of vertebral fracture was approximately equal to a femoral neck
T-score reduction of 2.5.

Predicting 5-year morphometric vertebral fracture risk.
Additional multivariate analyses including all CaMos subjects
were undertaken to identify the most important risk factors for
predicting morphometric vertebral fracture. The results showed
that the predictive performance for a model including age only
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Figure 3 Predicted 5-year risk of incident fragility fracture in CaMos women based
on the logistic regression model with predictors including baseline age, femoral neck
T-score and spine fracture status (Yes/No). Shaded symbols with solid lines represent
FN T-scores for patients with no prevalent vertebral fractures; open symbols with

dashed lines represent FN T-scores for patients with prevalent vertebral fractures. FN,
femoral neck; VFx +, prevalent spine fracture; VFx —, no prevalent spine fracture.

(GR/s.d. 1.55) increased in a model including age plus BMD
(GR/s.d. 1.66) and further increased in a model including age,
BMD and spine fracture status (GR/s.d. 1.95). However, no
additional increment in predictive performance was achieved in
models considering these risk factors plus additional WHO
clinical risk factors (GR/s.d. 1.96).

Predicting 5-year nonvertebral fracture risk. Additional
multivariate analyses including all CaMos subjects were
undertaken to identify the most important risk factors for
predicting nonvertebral fragility fracture. The results showed
that the predictive performance for a model including age only
(GR/s.d. 1.35) increased in a model including age plus BMD
(GR/s.d. 1.82) and further increased in a model including age,
BMD and spine fracture status (GR/s.d. 1.90). However, for this
end point, the gradient of risk further increased in a model
considering these risk factors plus previous clinical fracture
(GR/s.d. 1.98), but not in models considering these plus all
remaining WHO clinical risk factors (GR/s.d. 2.00). A model
including age, BMD and previous clinical fracture provided a
GR/s.d. of 1.92, which was inferior to a model considering these
risk factors plus spine fracture status (GR/s.d. 1.98).

Importance of spine imaging for identifying vertebral fracture
and for identifying people at high risk for fracture. After
pooling Cohorts 1 and 2, Venn diagrams were constructed to
further explore the importance of spine imaging. Figure 4a shows
the prevalence of vertebral fracture using radiograph versus by
questionnaire. Among 947 subjects with morphometric vertebral
fracture, 66 reported a history of vertebral fracture by ques-
tionnaire and 881 did not. Thus, 93% of subjects with a mor-
phometric vertebral fracture were unaware of the fracture.
Additionally, among a total of 84 subjects with a history of clinical
vertebral fracture by questionnaire, 66 (79%) were found to have a
vertebral fracture by morphometric analysis of radiographs,
whereas 18 (21%) were found not to have a vertebral fracture.

Figures 4b and c show subjects with at least a 30% 5-year
fracture risk as assessed using various logistic regression
models. In Figure 4b, subjects with this level of risk are shown
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Table 2 A 5-year risk of incident fragility fracture in CaMos women based on age,
femoral neck T-score and spine fracture (yes/no)

Femoral Spine Age (vears)

neck  fracture
T-score
50 55 60 65 70 75 80 85
-1.0 No 85 9.8 114 131 151 173 19.7 225
Yes 18.6 21.2 24.0 27.1 30.5 34.0 37.8 417
—-1.5 No 99 11,5 133 153 17.5 20.0 22.7 257
Yes 214 243 274 30.8 344 38.1 42.0 46.1
-2.0 No 11.6 134 154 17.7 202 229 26.0 29.2
Yes 24.5 27.7 311 347 38,5 424 46.4 50.5
—-2.5 No 13.6 156 179 204 232 26.2 295 33.0
Yes 28.0 31.4 35.0 38.8 42.7 46.7 50.8 54.9
-3.0 No 15.8 18.1 20.6 23.4 26.5 29.8 33.3 37.0
Yes 31.7 353 39.1 431 471 512 552 592
-3.5 No 18.3 20.9 23.7 26.8 30.1 33.6 37.3 41.2
Yes 35.6 39.4 43.4 47.4 515 556 59.5 63.4
—-4.0 No 211 23.9 27.0 304 33.9 37.7 416 456
Yes 39.8 43.7 47.8 519 559 59.9 63.7 67.4

Table 3 A 5-year risk of incident fragility fracture in CaMos men based on age,
femoral neck T-score and spine fracture (yes/no)

Femoral Spine Age (vears)

neck  fracture
T-score
50 55 60 65 70 75 80 85
-1.0 No 99 10.8 11.9 13.0 142 156 17.0 185
Yes 21.3 23.1 25.0 27.0 29.1 31.3 33.6 36.0
-1.5 No 11.3 124 135 14.8 16.2 176 19.2 20.9
Yes 239 258 279 30.0 32.3 34.6 37.0 395
-2.0 No 129 141 154 16.8 18.3 19.9 21.6 235
Yes 26.7 28.8 31.0 33.3 35.6 38.1 40.6 43.1
—-2.5 No 146 16.0 17.4 19.0 20.7 224 243 26.3
Yes 29.8 32.0 34.3 36.7 39.2 41.7 442 46.8
-3.0 No 16.6 18.1 19.7 21.4 232 251 27.2 29.3
Yes 33.0 35.3 37.8 40.2 42.8 45.4 48.0 50.6
—-3.5 No 18.8 204 222 241 26.0 281 30.2 325
Yes 36.4 38.8 41.3 43.9 46.5 49.1 51.7 543
—-4.0 No 212 23.0 249 26.9 29.0 312 335 359
Yes 39.9 425 450 47.6 50.2 52.8 55.4 58.0

based on models including risk factors: (1) age, (2) age plus
BMD and (3) age plus BMD plus spine fracture status. This
analysis revealed that consideration of the three factors
identified not only more but also different subjects having a
30% 5-year risk for fracture.

In Figure 4c, subjects with at least a 30% 5-year fracture risk
are shown as identified using logistic regression models
including risk factors: (1) age plus BMD plus spine fracture
status versus and (2) these factors plus the remaining WHO
clinical risk factors. This analysis revealed that these
approaches largely identified the same subjects. In 97% of
the population, the two models agreed in defining subjects as
having less than versus at least a 30% 5-year risk of fracture.

Discussion

Data from this analysis of Cohort 2 (n = 1964) in CaMos confirm
our previous report in Cohort 1 (n =2761)” and demonstrate the
value of morphometric spine fracture status for predicting the

risk of new vertebral and nonvertebral fragility fractures. In
univariate analyses, we found that morphometric spine fracture
status was one of the most important predictors of 5-year
fracture risk. In addition, we assessed models for predicting
future fracture risk by sequentially adding the most important
clinical risk factors and found that a model including age,
femoral neck BMD and spine fracture status provided infor-
mation similar to a model considering BMD, the WHO clinical
risk factors and spine fracture status. For comparison, this
model provided more prognostic information than a model
considering BMD and the WHO clinical risk factors.

A femoral neck BMD T-score is a strong risk factor for pre-
dicting fracture risk and is a key factor in diagnosing osteo-
porosis in many countries. However, it is clear that relying on a
T-score of < — 2.5 precludes diagnosing and treating many older
persons at high risk for fracture based on non-BMD clinical risk
factors.’"'2 For instance, age contributes additional prognostic
information regarding fracture risk regardless of other clinical risk
factors.'® This is consistent with the findings of a bone histo-
morphometry study, which showed that several parameters of
bone strength deteriorate with increasing age,'* as well as with
previous data using high-resolution peripheral quantitative
computed tomography in the CaMos cohort, which demon-
strated age-related changes in the bone.'® Additionally, at any
particular level of BMD, spine fracture status provides additional
prognostic information.! Increasing spine fracture burden is
associated with deterioration of bone microarchitecture.'® Thus,
age and spine fracture status appear to provide information
regarding bone quality that is supplemental to the information
provided by the femoral neck BMD T-score. Although other WHO
clinical risk factors were prognostic in univariate analyses,
including them in multivariate analyses contributed little addi-
tional information beyond that provided by age, BMD and spine
fracture status. Thus, it appears that the information obtained
from these other risk factors was captured by morphometric
spine fracture status. Importantly, in the absence of knowledge
about spine fracture status, assessments based on BMD and the
WHO clinical risk factors alone may under- or overestimate the
true risk of an individual experiencing an incident fracture.

An advantage of including a small number of variables in the
assessment of future fracture risk is that 5-year absolute
fracture risk for people who are similar to those in CaMos can be
reported in simple tables.” However, whether the current results
are generalizable to other populations is an important con-
sideration. In this regard, an analysis of the Hiroshima study of
Japanese using a similar statistical approach showed com-
parable findings.'” However, in that analysis, a statistical model
including age, femoral neck BMD T-score, spine fracture status
(yes/no) and prior clinical fracture performed better than a
model not including prior clinical fracture.!”

Additional analyses of all CaMos subjects were undertaken to
assess the most important risk factors for the specific outcome,
vertebral fracture. These analyses also confirmed the primary
importance of age, BMD and spine fracture status. However,
analyses of all CaMos subjects to assess the most important
risk factors for nonvertebral fragility fracture showed that a
model considering these risk factors plus previous clinical
fracture performed better.

At the top of the National Osteoporosis Foundation list of who
should be treated for osteoporosis are those with hip or spine
fractures, including morphometric or clinical vertebral
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Figure 4 Venn diagram showing (a) subjects with prevalent vertebral fractures as assessed by questionnaire versus lateral spine imaging, (b) subjects having > 30% 5-year
fracture risk as assessed by models considering age, age plus femoral neck BMD (FN BMD) and age plus FN BMD plus spine fracture status (VFx) (yes/no) and (c) subjects having
> 30% 5-year fracture risk as assessed by models considering age plus FN BMD plus VFx, and age plus FN BMD plus VFx plus previous clinical fracture (Clin) plus the remaining
WHO clinical risk factors: parental history of hip fracture (FH) plus current smoking (Smo) plus systemic glucocorticoids > 3 months (GC) plus rheumatoid arthritis (RA) plus >2

alcoholic drinks/day (EtOH).

fractures.® To identify people with vertebral fractures versus
those without vertebral fractures, several lines of evidence
suggest that routine screening with spine imaging may be
necessary. In the current study, over 20% of men and women at
baseline in CaMos had a morphometric vertebral fracture.®
Among these, 93% were not aware of that fracture. In a recent
study conducted in Spain, 98.5% of those in the population who
had a vertebral fracture were not aware of the fracture.’® A study
from the United Kingdom showed that routine screening of
women over the age of 65 by vertebral fracture assessment
revealed moderate or severe vertebral fractures in 20% of
women, with targeted screening based on reported height loss
(>2.5cm, 1inch), Dowager’s hump, suspected fracture on
anterior-posterior spine dual energy X-ray absorptiometry
(DXA), and known vertebral fracture missing 90% of the
fractures;2° this study supports the conduct of routine rather
than targeted screening for vertebral fractures in women over
the age of 65.

In the current study, in 18 of 84 (21 %) women with a history of
clinical vertebral fracture, no vertebral fracture was found to be
present by lateral spine imaging. Similarly, among 425 women
with self-report of a fracture in the Kuopio Osteoporosis Risk
Factor and Prevention Study (OSTPRE),2" 70 (16%) were found
not to have a fracture by review of medical records. Also, among
453 women known to have a fracture by review of the medical
records, 98 women (22%) did not self-report the fracture in
OSTPRE. These data suggest that patient reporting of fracture
is sometimes erroneous.

Models with a higher GR/s.d. identify more patients having any
particular threshold of risk. For example, in CaMos, consideration
of age, femoral neck BMD T-score and spine fracture status
identified not only more but also different participants with at least
a 30% b5-year risk of fracture than would be identified by
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consideration of age only or of age plus femoral neck BMD
T-score. Finally, consideration of age, femoral neck BMD T-score
and spine fracture status versus consideration of these variables
plus the remaining WHO clinical risk factors identified a similar
group of subjects with at least 5-year risk of fracture. These
findings highlight the value of knowledge of the spine fracture
status in individuals who may have vertebral fractures.

The current analysis has some limitations. The methodology
for assessing the radiographs was quantitative morphometry.
Other methodologies including semiquantitative assessment
or a mixture of quantitative morphometry plus semiquanti-
tative assessment have been used in various other studies.?
However, we are reassured by the marked prognostic impor-
tance of spine fracture status in this analysis, in that the CaMos
methodology for reading the radiographs indeed generated
clinically important information. Our current analysis only
considered presence versus absence of vertebral fracture, as in
our previous analysis, additional detail—including number,
maximum severity and spine deformity index—did not appre-
ciably increase the GR/s.d.” Of course, subjects with higher
spine fracture burden are likely to have relatively higher risk, just
as greater burden of any of the particular risk factors is likely to
confer greater risk. Use of glucocorticoids was present only in a
small number of subjects, so it is possible that this analysis may
have underestimated the importance of this risk factor.

In conclusion, the current analysis confirms and extends the
findings of the preliminary analysis from the population-based
CaMos cohort and reinforces the value of using prevalent spine
fracture status combined with age and BMD to predict future
fracture risk. Simple tables show 5-year absolute fracture risk
based on these factors. This work, therefore, demonstrates the
potential to provide high predictive performance parsimo-
niously by considering these risk factors.
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Materials and Methods

Study participants and population. Details of the objectives,
purpose and methodology of CaMos, a prospective cohort study
following a randomly selected population-based community
cohort of 9423 community-dwelling men and women aged 25
and over living within 50km of one of nine regional centers in
Canada have been reported.® Recruitment of the cohort beganin
September 1995 and ended in September 1997. The study was
approved by all regional institutional ethics review boards.
Subjects provided written informed consent in accordance with
the Helsinki Declaration. The previously reported findings were
limited to the 2761 subjects aged 50 and older for whom spine
radiographs at baseline and year 5 had been completed.” The
data from these subjects were re-analyzed for purposes of
comparison and are denoted as Cohort 1. An additional 1964
subjects who now have completed readings of spine radio-
graphs at baseline and year 5 are now analyzed and denoted as
Cohort 2; both cohorts comprise the CaMos adult population for
whom spinal radiographs were available.

Bone mineral density. Lumbar spine (L1-L4) and hip BMD
were assessed by DXA with Hologic QDR 1000, 2000 or 4500
densitometers at seven centers and Lunar DPX densitometers
at two centers. BMD results were converted to a Hologic
standard.?® A semi-anthropomorphic spine phantom (Siemens,
Munich, Germany) was measured annually at each center for
cross-calibration purposes.?* Femoral neck T-scores used in
this analysis were derived from CaMos reference data.>>26

Clinical risk factor measurement. An extensive interviewer-
administered questionnaire was used to assess osteoporosis
and fracture-related risk factors at baseline. A second intensive
interview conducted 5 years after enrolilment was used to re-
assess these risk factors. Clinical risk factors were derived from
the baseline interview except for parental history of hip fracture,
which was obtained from the year 5 questionnaires. Subject
responses were coded to identify current cigarette smokers,
use of systemic glucocorticoid therapy for more than 3 months
(without regard to dose), minimal trauma fracture after 50 years
of age,?” hip fracture in either or both parents, consumption of
greater than two units of alcohol per day and rheumatoid
arthritis by subject self-reporting a physician diagnosis of
rheumatoid arthritis.

Fracture diagnosis. The methods were the same as pre-
viously reported.” The risk of any fracture was defined as the risk
of an incident morphometric vertebral fracture and/or a non-
vertebral fragility fracture. Additional analyses were also per-
formed to assess risk factors for predicting vertebral fracture
and for predicting nonvertebral fragility fractures.

Lateral thoracic and lumbar spine radiographs obtained on
subjects 50 years and older at baseline and after 5 years were
assessed at central sites in Edmonton (Alberta) and Quebec
City (Quebec) with quality control to confirm agreement
between the sites. Spine fracture status (yes/no) was deter-
mined by quantitative morphometric analysis.® Vertebrae were
graded as without fracture if the height ratio was <3 s.d. below
the mean of respective uninvolved vertebrae by sex (vertebral
reference), whereas they were graded fractured if the height
ratio was >3 s.d. below the vertebral reference. Nonvertebral
fragility fractures were self-reported by annual questionnaire

and defined as a fracture with minimal trauma, and confirmed
using radiograph or medical records.

Statistical analyses. The previously published analyses were
repeated for both Cohort 1 and Cohort 2. Logistic regression
analyses were performed to determine the importance of
baseline morphometric spine fracture status, BMD and the
WHO clinical risk factors®® (age, prior fragility fracture, current
smoking, alcohol use, parental history of hip fracture, gluco-
corticoid use, rheumatoid arthritis) for predicting the 5-year risk
of any future vertebral or nonvertebral fragility fracture. To test
the hypothesis that inclusion of spine fracture status with
clinical risk factors would improve the prediction of future
fracture risk, a logistic regression model was built including
clinical risk factors compared with models including these plus
spine fracture status (yes/no). The performance of each model
was assessed using the GR/s.d., that is, the risk ratio per 1 s.d.
change in risk score.®2°

Further analyses were conducted to determine the predictive
ability of sequential addition of the most predictive clinical risk
factors and spine fracture status. For this purpose, univariate
logistic regression analysis was used to investigate the associa-
tions of future fracture risk among age, femoral neck T-score, prior
fragility fracture, spine fracture (yes/no), current smoking, alcohol
use, parental history of hip fracture, glucocorticoid use and
rheumatoid arthritis. The gradient of fracture risk was examined in
multivariate models, with sequential addition of the most
important risk factors determined from the univariate analyses.

For each sex, 5-year absolute fracture risk was estimated
using the logistic regression model, including these factors:
age, femoral neck T-score and spine fracture status. The
prevalence of morphometric vertebral fracture to the preva-
lence of clinical vertebral fractures was compared using a Venn
diagram. Subjects identified to have at least 30% 5-year
fracture risk as assessed by different logistic regression models
were compared using additional Venn diagrams.

All analyses used SAS drug development software (SAS
Institute, Cary, NC, USA).

Conflict of Interest

John H. Krege is a full-time employee of Eli Lilly and Company,
and Xiaohai Wan was a full-time employee of Eli Lilly and
Company at the time the study was conducted. Jonathan D.
Adachi has served as consultant/speaker for Amgen, Astra
Zeneca, Eli Lilly, GlaxoSmithKline, Merck, Novartis, Pfizer,
Procter & Gamble, Roche, Sanofi-Aventis and Servier. Jacques
P. Brown has received a research grant from or has served as a
consultant/speaker for Abbott, Amgen, Eli Lilly, Genizon,
GlaxoSmithKline, Merck, Novartis, Pfizer, Procter & Gamble,
Roche, Sanofi-Aventis, Servier, Wyeth and Zelos. Wojciech P.
Olszynski has served as a consultant for Abbott Laboratories,
Merck Frosst, Amgen, Novartis, Aventis, Pfizer, Boehringer
Ingelheim, Procter & Gamble, Eli Lilly, Sanofi-Synthelabo,
Genzyme, Schering Canada, GlaxoSmithKline, Solvay Pharma,
Hoffmann-LaRoche, Wyeth and Janssen-Ortho Inc./Ortho-
Biotech. Robert G. Josse has served on advisory boards and
received honoraria and research grants from Eli Lilly, Proctor &
Gamble, Sanofi-Aventis, Merck, Novartis, Servier, Glaxo-
SmithKline and Amgen. David Goltzman has received honoraria
from and served on the advisory boards of Eli Lilly, Proctor &

SEPTEMBER 2013 | www.nature.com/bonekey


http://www.nature.com/bonekey

Gamble, Merck Frosst and Novartis. The remaining authors
declare no conflict of interest.

Acknowledgements

We thank all those participants in CaMos whose careful
responses and attendance made this analysis possible, as well
as Louise Mailloux and Diane Bastien, the technologists who
performed the vertebral morphometry. We also thank the CaMos
Research Group, for its role in implementing and overseeing the
project, and Eileen R. Gallagher, a full-time employee of inVentiv
Health Clinical, for assistance with manuscript preparation. The
Canadian Multicentre Osteoporosis Study (CaMos) is currently
funded by the Canadian Institutes of Health Research (CIHR),
Amgen, Merck Frosst Canada Ltd, the Dairy Farmers of Canada,
Novartis and Eli Lilly and Company.

Authors contributions: All authors meet the criteria for
authorship. They have either conceived and/or designed the
work that led to the submission, acquired data, and/or played
an important role in interpreting the results; drafted or revised
the manuscript; and approved the final version.

CaMos Research Group

David Goltzman (co-principal investigator, McGill University),
Nancy Kreiger (co-principal investigator, Toronto), Alan
Tenenhouse (principal investigator emeritus, Toronto). CaMos
Coordinating Centre, McGill University, Montreal, Quebec:
Suzanne Godmaire (research assistant), Silvia Dumont
(administrative assistant), Claudie Berger (study statistician),
Wei Zhou (statistician). Memorial University, St. John’s New-
foundland: Carol Joyce (director), Christopher Kovacs (co-
director), Emma Sheppard (coordinator). Dalhousie University,
Halifax, Nova Scotia: Susan Kirkland, Stephanie Kaiser (co-
directors), Barbara Stanfield (coordinator). Laval University,
Quebec City, Quebec: Jacques P. Brown (director), Louis
Bessette (co-director), Marc Gendreau (coordinator). Queen’s
University, Kingston, Ontario: Tassos Anastassiades (director),
Tanveer Towheed (co-director), Barbara Matthews (coordi-
nator). University of Toronto, Toronto, Ontario: Bob Josse
(director), Sophie Jamal (co-director), Tim Murray (past
director), Barbara Gardner-Bray (coordinator). McMaster
University, Hamilton, Ontario: Jonathan D. Adachi (director),
Alexandra Papaioannou (co-director), Laura Pickard (coordi-
nator). University of Saskatchewan, Saskatoon, Saskatch-
ewan: Wojciech P. Olszynski (director), K. Shawn Davison (co-
director), Jola Thingvold (coordinator). University of Calgary,
Calgary, Alberta: David A. Hanley (director), Jane Allan
(coordinator). University British Columbia, Vancouver, British
Columbia: Jerilynn C. Prior (director), Millan Patel (co-director),
Yvette Vigna (past coordinator), Nerkeza Andjelic (coordinator),
Brian Lentle (radiologist).

References

1. Siris ES, Genant HK, Laster AJ, Chen P, Misurski DA, Krege JH. Enhanced prediction of
fracture risk combining vertebral fracture status and BMD. Osteoporosis Int2007;18:761-770.

2. Black DM, Arden NK, Palermo L, Pearson J, Cummings SR. Prevalent vertebral deformities
predict hip fractures and new vertebral deformities but not wrist fractures. Study of Osteoporotic
Fractures Research Group. J Bone Miner Res 1999;14:821-828.

3. Lindsay R, Silverman SL, Cooper C, Hanley DA, Barton |, Broy SB et al. Risk of new vertebral
fracture in the year following a fracture. JAMA 2001;285:320-323.

4. Ross PD, Davis JW, Epstein RS, Wasnich RD. Pre-existing fractures and bone mass predict
vertebral fracture incidence in women. Ann Intern Med 1991;114:919-923.

BoneKEy Reports | SEPTEMBER 2013

Age, BMD and spine fracture status predict fracture risk
JH Krege et al

@.

o

. Kreiger N, Tenenhouse A, Joseph L, Machenzie T, Poliquin S, Brown JP et al. The Canadian
multicentre osteoporosis study (CaMos): background, rationale, methods. Can J Aging
1999;18:376-387.

. Jackson SA, Tenenhouse A, Robertson L. Vertebral fracture definition from population-based
data: preliminary results from the Canadian Multicenter Osteoporosis Study (CaMos).
Osteoporos Int 2000;11:680-687.

. Chen P, Krege JH, Adachi JD, Prior JC, Tenenhouse A, Brown JP et al. Vertebral fracture
status and the World Health Organization risk factors for predicting osteoporotic fracture risk.
J Bone Miner Res 2009;24:495-502.

. Kanis JA, Johnell O, Oden A, Jonsson B, Dawson A, Dere W. Risk of hip fracture derived
from relative risks: an analysis applied to the population of Sweden. Osteoporosis Int
2000;11:120-127.

. Kanis JA, Oden A, Johnell O, Johansson H, De Laet C, Brown J et al. The use of clinical risk
factors enhances the performance of BMD in the prediction of hip and osteoporotic fractures in
men and women. Osteoporos Int 2007;18:1033-1046.

10. Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet 2002;359:

1929-1936.

11. Siris ES, Boonen S, Mitchell PJ, Bilezikian J, Silverman S. What's in a name? What constitutes
the clinical diagnosis of osteoporosis? Osteoporos Int 2012;23:2093-2097.

12. Langsetmo L, Goltzman D, Kovacs CS, Adachi JD, Hanley DA, Kreiger N et al. Repeat low-
trauma fractures occur frequently among men and women who have osteopenic BMD. J Bone
Miner Res 2009;24:1515-1522.

13. Kanis JA, Johnell O, Oden A, Dawson A, De Laet C, Jonsson B. Ten year probabilities of
osteoporotic fractures according to BMD and diagnostic thresholds. Osteoporos Int
2001;12:989-995.

14. Rehman MT, Hoyland JA, Denton J, Freemont AJ. Age related histomorphometric changes in
bone in normal British men and women. J Clin Pathol 1994;47:529-534.

15. Macdonald HM, Nishiyama KK, Kang J, Hanley DA, Boyd SK. Age-related patterns of
trabecular and cortical bone loss differ between sexes and skeletal sites: a population-based
HR-pQCT study. J Bone Miner Res 2011;26:50-62.

16. Genant HK, Delmas PD, Chen P, Jiang Y, Eriksen EF, Dalsky GP et al. Severity of
vertebral fracture reflects deterioration of bone microarchitecture. Osteoporos Int 2007;18:
69-76.

17. Fujiwara S, Hamaya E, Goto W, Masunari N, Furukawa K, Fukunaga M et al. Vertebral fracture
status and the World Health Organization risk factors for predicting osteoporotic fracture risk in
Japan. Bone 2011;49:520-525.

18. National Osteoporosis Foundation. Clinical's Guide to Prevention and Treatment of
Osteoporosis. National Osteoporosis Foundation: Washington, DC, 2012, Available from http:/
www.nof.org/professionals/clinical-guidelines.

19. Sanfélix-Genovés J, Reig-Molla B, Sanfélix-Gimeno G, Peird S, Graells-Ferrer M,
Vega-Martinex M et al. The population-based prevalence of osteoporotic vertebral fracture and
densiometric osteoporosis in postmenopausal women over 50 in Valence, Spain (the FRAVO
study). Bone 2010;47:610-616.

20. Middleton ET. Steel. Routine versus targeted vertebral fracture assessment for the detection of
vertebral fractures. Osteoporos Int 2008;19:1167-1173.

21. Honkanen K, Honkanen R, Heikkinen L, Kroger H, Saarikoski S. Validity of self-reports in
perimenopausal women. Am J Epidemiol 1999;150:511-516.

22. Genant HK, Jergas M, Palermo L, Nevitt M, Valentin RS, Black D et al. Comparison of
semiquantitative visual and quantitative morphometric assessment of prevalent and incident
vertebral fractures in osteoporosis. The Study of Osteoporotic Fractures Research Group.
J Bone Miner Res 1996;11:984-996.

23. Genant HK, Grampp S, Glier CC, Faulkner KG, Jergas M, Engelke K et al. Universal
standardization for dual x-ray absorptiometry: patient and phantom cross-calibration results.
J Bone Miner Res 1994;9:1503-1514.

24. Pearson J, Dequeker J, Henley M, Bright J, Reeve J, Kalender W et al. European semi-
anthromorphic spine phantom for the calibration of bone densitometers: assessment of
precision, stability and accuracy. The European Quantitation of Osteoporosis Study Group.
Osteoporos Int 1995;5:174-184.

25. Tenenhouse A, Joseph L, Kreiger N, Poliquin S, Murray TM, Blondeau L et al. Canadian
Multicentre Osteoporosis Study. Estimation of the prevalence of low bone density in Canadian
women and men using a population-specific DXA reference standard: the Canadian Multicentre
Osteoporosis Study (CaMos). Osteoporos Int 2000;11:897-904.

26. Berger C, Goltzman D, Langsetmo L, Joseph L, Jackson S, Kreiger N et al. Peak bone mass
from longitudinal data: implications for the prevalence, pathophysiology, and diagnosis of
osteoporosis. J Bone Miner Res 2010;25:1948-1957.

27. Kanis JA, Johnell O, De Laet C, Johansson H, Oden A, Delman P et al. A meta-analysis of
previous fracture and subsequent fracture risk. Bone 2004;35:375-382.

28. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of
fracture probability in men and women from the US. Osteoporos Int 2008;19:385-397.

29. De Laet C, Odén A, Johansson H, Johnell O, Jénsson H, Kanis JA. The impact of the use of

multiple risk indicators for fracture on case-finding strategies: a mathematical approach.

Osteoporos Int 2005;16:313-318.

@@@@ This work is licensed under a Creative Commons Attribution-
AT NonCommercial-NoDerivs 3.0 Unported License. To view a copy

of this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/

o

-

<)

©


http://www.nof.org/professionals/clinical-guidelines
http://www.nof.org/professionals/clinical-guidelines

	title_link
	Introduction
	Results
	Subject characteristics
	Comparison of models considering spine fracture status, BMD and WHO clinical risk factors versus BMD and WHO clinical risk factors
	Univariate analyses for 5-year risk of new fractures
	Multivariate analyses for 5-year risk of new fractures

	Table 1 
	Absolute risk of fracture based on age, femoral neck BMD T-—score and spine fracture status
	Predicting 5-year morphometric vertebral fracture risk
	Predicting 5-year nonvertebral fracture risk
	Importance of spine imaging for identifying vertebral fracture and for identifying people at high risk for fracture

	Figure™1Univariate analyses of GRsols.d. for predicting 5-year fracture risk. BMD, femoral neck T-—score; VFx, spine fracture status (yessolno); Clin, previous clinical fracture; FH, parental history of hip fracture; Smo, current smoking; GC, systemic glu
	Figure™2GRsols.d. for models including baseline age, age+femoral neck T-—score, age+femoral neck T-—score+spine fracture status (yessolno), etc. BMD, femoral neck T-—score; VFx, spine fracture status; Clin, previous clinical fracture; FH, parental history
	Figure™3Predicted 5-year risk of incident fragility fracture in CaMos women based on the logistic regression model with predictors including baseline age, femoral neck T-—score and spine fracture status (YessolNo). Shaded symbols with solid lines represen
	Discussion
	Table 2 
	Table 3 
	Figure™4Venn diagram showing (a) subjects with prevalent vertebral fractures as assessed by questionnaire versus lateral spine imaging, (b) subjects having gt30percnt 5-year fracture risk as assessed by models considering age, age plus femoral neck BMD (F
	Materials and Methods
	Study participants and population
	Bone mineral density
	Clinical risk factor measurement
	Fracture diagnosis
	Statistical analyses

	We thank all those participants in CaMos whose careful responses and attendance made this analysis possible, as well as Louise Mailloux and Diane Bastien, the technologists who performed the vertebral morphometry. We also thank the CaMos Research Group, f
	We thank all those participants in CaMos whose careful responses and attendance made this analysis possible, as well as Louise Mailloux and Diane Bastien, the technologists who performed the vertebral morphometry. We also thank the CaMos Research Group, f
	ACKNOWLEDGEMENTS
	A7
	A8




