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Background: Non-vertebral (NV) fractures are responsible for a great amount of morbidity, mortality and
cost attributable to osteoporosis.

Objectives: To identify risk factors for NV fractures in postmenopausal women with osteoporosis, and to
design an assessment tool for prediction of these fractures.

Methods: 2546 postmenopausal women with osteoporosis included in the placebo groups of three
risedronate controlled trials were included (mean age 72 years, mean femoral T-score —2.5; 60% and 53%
of patients with prevalent vertebral and NV fractures, respectively). Over 3 years, 222 NV fractures were
observed. Baseline data on 14 risk factors were included in a logistic regression analysis.

Results: 6 risk factors were associated with NV fracture risk: prevalent NV fracture (p=0.004), number of
prevalent vertebral fractures (p<<0.001), femoral T-score (p=0.031), serum level of 25-hydroxyvitamin D
(p<0.001), age (p=0.012) and height (p=0.037). An NV risk index was developed by converting the
multivariate logistic equation into an additive score. In the group of women with a score =2.1, the incidence
of NV fracture was 13.2% (95% Cl 11.1 to 15.3), 1.5 times higher than that of the general population.
Conclusions: The NV risk index is a convenient tool for selection of patients with osteoporosis with a high risk
for NV fractures, and may help to choose from available treatments those with a proven efficacy for reduction
of NV fracture risk.

the population/year,' and are responsible for a large

proportion of the morbidity, mortality and cost attribu-
table to osteoporosis. Studies have shown an increase in
mortality associated with hip fractures,” which account for 10%
of all fractures and 40% of the total fractures after the age of 80.
However, other NV fractures are frequent; wrist fractures are as
common as hip fractures, and the lifetime risk of either fracture
in postmenopausal women is about 16%.”> Some NV fractures,
such as fractures of the proximal humerus, pelvis and ribs,
show an increase in incidence in older women.'* Proximal
humerus fractures are the third most frequent fracture after hip
and Colles” fracture in older women, and are responsible for
impairment of functional capacity for an average of 3 months.’
There is a slight but significant increase in mortality in the year
after a shoulder fracture.” A short-term increase in morbidity
has been shown in some patients after limb fracture, related to
algodystrophy, which may be responsible for persistent
disability. The incidence of hip and limb fractures is increasing
in Western populations. Moreover, a previous fracture is a
strong predictor of a future one,” and the risk of vertebral and
hip fractures increases fivefold in patients with Colles’
fractures.*' Focusing on hip fracture underestimates the
consequences of osteoporosis and the burden of all non-
vertebral osteoporotic fractures.

Reductions in the risk of vertebral fracture have been very
consistent in various trials with different agents''* decreasing
significantly the burden of osteoporosis related to these
fractures. By contrast, the reported effects of these treatments
on NV fractures have varied significantly.””*° It remains unclear
to what extent the differences in the magnitude of effect reflect
differences in study populations and trial design rather than
differences in antifracture efficacy. There are no means to
compare the anti-fracture effect of the different treatments, as
no head-to-head studies have been conducted with such an end

N on-vertebral (NV) fractures are common, affecting 1% of

point. However, the different effect on NV fracture risk may be
one of the determinants in the choice of the treatment for a
postmenopausal woman with osteoporosis.

The assessment of NV fracture risk in postmenopausal
women is difficult and the relationship between risk factors
and fractures differs by type of fracture.” ** NV fractures
usually occur in conjunction with falls: preventive actions
against falls are recommended,” but there is no evidence that
they have efficacy for reduction of fracture risk.”* By contrast,
the other factor driving NV fracture risk is skeletal fragility, and
the number and severity of vertebral fractures significantly
predict NV fracture risk.”>*” Moreover, a small number of hip
fractures occur spontaneously, without any trauma,”® ** indicat-
ing that bone fragility can be responsible for such a fracture
before a fall. Thus, the risk of NV fracture may be assessed at
least in part using bone parameters.

The objectives of this study were to identify risk factors for
NV fractures in postmenopausal women with osteoporosis, and
to design an assessment tool for prediction of these fractures.

PATIENTS AND METHODS

Postmenopausal women included in the placebo groups of
three risedronate prospective controlled trials were included in
this study; these trials have been described in detail else-
where." **° These multicentre studies were randomised,
double-blind, placebo-controlled, parallel-group trials con-
ducted in postmenopausal women with osteoporosis. In the
North American Vertebral Efficacy with Risedronate Therapy
(VERT-NA)" and Multinational Vertebral Efficacy with
Risedronate Therapy (VERT-MN) studies,”” subjects were
enrolled if they had at least two prevalent vertebral fractures.
In the North American Vertebral Efficacy with Risedronate

Abbreviations: BMD, bone mineral density; NV, non-vertebral; ROC,
receiver operating characteristic

www.qnnrheumdis.com



932

Therapy study,'' subjects could also be enrolled if they had one
prevalent vertebral fracture and a lumbar spine bone mineral
density (BMD) T-score <2 SD below the normal mean for
young adults. In both trials, women were ambulatory,
<85 years old, and at least 5 years postmenopausal. In the
Hip Intervention Programme trial,>® women were aged 70—
79 years, with a low femoral neck BMD—that is, T-score >4 SD
below the mean peak value in young adults, or <-3SD, together
with a non-skeletal risk factor for hip fracture. All patients
received 1000 mg of calcium daily and up to 500 IU daily of
vitamin D if baseline serum hydroxyvitamin D level was
<16 ng/ml (40 nmol/l). The primary end point of these trials
was the incidence of fractures, which were classified using the
same procedures.

On the basis of known risk factors and items available in the
studies, a total of 14 parameters were assessed (table 1) using
information collected at baseline. Six NV fractures were
considered for this analysis: hip, leg, pelvis, wrist, humerus
and clavicle.”’ Information on these fractures was collected
prospectively during follow-up and confirmed by reviewing
either the x ray or the radiology report. Fractures due to
pathological causes or resulting from high-energy trauma were
excluded from the analysis.

Lateral and thoracolumbar radiographs were obtained at
baseline and annually throughout the studies and assessed for
fractures using standard methods.*

Roux, Briot, Horlait, et al

STATISTICAL ANALYSIS

A logistic regression statistical model using the stepwise
variable selection method was used to identify potential risk
factors associated with incident NV osteoporosis-related frac-
ture status within the population. For the stepwise variable
selection method, explanatory variables were included/omitted
using an alpha level of 10%. The final model consisted of
explanatory variables, which were significantly associated with
incident NV fracture status using an alpha level of 5%. To
evaluate the effect of using a variable selection method on the
analysis, backward and forward variable selection methods
were also applied, giving the same result. The goodness of fit of
the final statistical model was examined by (a) calculating the
Hosmer and Lemshow goodness-of-fit test and (b) producing a
receiver operating characteristic (ROC) curve. Because some
patients had missing data for the exploratory variables, the
final logistic regression model was anticipated not to include all
of the intent-to-treat population. Therefore, descriptive statis-
tics of important baseline and post-baseline variables were
summarised for the intent-to-treat population, and the patients
were included in the final regression model. Then, we
developed an index using a methodology similar to that
previously proposed by Black ef al,”> by converting the multi-
variate logistic equation into an additive score. The range of the
predictor variables was divided into intervals. For each variable,
the product of its regression coefficient with the midpoint of

Table 1 Characteristics of the 2546 women in the study to determine the risk of non-vertebral

fractures
Parameter ITT population (n=3043) All risk factor data (n=2546)
Trials (number of patients)

VERT-MN 407 381

VERT-NA 815 777

HIP group 1 1821 1388
Age (years)

Mean (SD) 72(5.7) 72 (5.9)
Years since menopause

Mean (SD) 26 (8.6) 26 (8.8)
Height (cm)

Mean (SD) 157 (7.0) 157 (7.0)
Weight (cm)

Mean (SD) 63(11.9) 63(11.9)
BMI (kg/m?)

Mean (SD) 255 (4.5) 25.6 (4.5)
Prevalent vertebral fracture

Mean (SD) 2(2.4) 2(2.4)

Yes/total 1618/2670 (60%) 1531/2546 (60%)
Prevalent NV fracture status

Yes/total 1612/3043 (53%) 1342/2546 (53%)
FN T-score (NHANES IIl)

Mean (SD) —2.57 (0.698) —2.53(0.717)
Vitamin D serum 25 (OH) D3 (ng/ml)

Mean (SD) 60.9 (30.2) 62.1 (30.5)
Alcohol status

Current 1300 (43%) 1104 (43%)

Never 1469 (49%) 1223 (48%)

Previous 247 (8%) 219 (9%)
Smoking status

Current 474 (16%) 390 (15%)

Never 1687 (55%) 1417 (56%)

Previous 882 (29%) 739 (29%)
Breast cancer

Yes/total 14/3043 (0.5%) 10/2546 (0.4%)

History of rheumatoid arthritis
Yes/total

Use of thiazide diuretics during trial
Yes/total

103/3043 (3.4%)

165/3043 (5.4%)

83/2546 (3.3%)

144/2546 (5.7%)

BMI, body mass index; FN, femoral neck; HIP, Hip Intervention Programme; ITT, Intent-to-Treat; NHANES IIl, Third
National Health and Nutrition Examination Survey; NV, non-vertebral; VERT-MN, Multinational Vertebral Efficacy with

Risedronate Therapy; VERT-NA, North American Vertebral Efficacy with Risedronate Therapy.
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NV fracture risk in postmenopausal women

the intervals determined the index contribution. The index
values due to each variable were adjusted so as to make the
minimum possible index contribution 0.

RESULTS

A total of 3043 patients, included in the placebo groups of the
three trials, and 2546 women, for whom data on the 14 risk
factors were available, were the basis of this study. Table 1
shows the characteristics of these women. During the 3 years of
follow-up, 222 NV fractures were observed in 206 patients,
including hip (n = 50), wrist (n = 71), humerus (n = 36), pelvis
(n=22), leg (n =41) and clavicle (n =2). An additional seven
NV fractures were observed during follow-up visits. Evaluable
paired spinal radiographs were available for 2038 patients. The
proportion of women with incident NV fractures was 8.6% (95%
CI 7.6% to 9.6%), and the incidence of vertebral fracture was
14.8% (13.3% to 16.3%).

The following baseline parameters were identified by logistic
regression analysis as independent predictors of NV fracture
risk: prevalent NV fracture (OR 1.24; 95% CI 1.13% to 2.08%;
p =0.006), number of prevalent vertebral fractures (OR 1.12;
95% CI 1.06% to 1.18%; p<<0.001), femoral neck T-score (OR
1.29; 95% CI 1.02% to 1.63% per 1 SD decrease; p = 0.034), age
(OR 1.04; 95% CI 1.02 to 1.07; p = 0.019), height (OR 1.02; 95%
CI 1.00 to 1.05; p=0.037) and serum level of 25-hydroxyvita-
min D3 (250HD3; OR 1.01; 95% CI 1.0 to 1.02 per 1 nmol/l
decrease; p<<0.001). In the 48 patients who had a baseline
serum hydroxyvitamin D <16 ng/ml (as defined by inclusion
criteria), the incidence of NV fractures was 14.58% (95% CI 4.60
to 24.57). In the 2498 patients with baseline 250HD3 =16 ng/
ml, the incidence was 8.25% (95% CI 7.17 to 9.33).

The predicted NV fracture risk (probability) is given by the
equation: risk = exp(x)/[ 1+exp(x)], where x = —9.1119+0.0371 x
age+0.0236 xheight—0.2549 xfemoral neck T-score—0.0106 xserum
250HD3+0.1073 xnumber of prevalent vertebral fractures
—0.2207 xprevalent NV fracture. Prevalent NV fracture was
assigned the value 1 if the woman had no previous NV fractures,
and —1 otherwise. When the analysis was conducted using
prevalent vertebral fracture as a binary parameter (yes/no),
instead of number of fractures, the findings were similar.

Table 2  Simplified non-vertebral fracture risk index
Variable Group Index value
Age (years) <65 0

65-70 0.2
70-75 0.4
75-80 0.6
=80 0.8
Height (cm) <147 0
147-153 0.2
153-161 0.4
161-167 0.5
=167 0.7
FN T-score <-3.8 0.8
=>-3.8 and <-3.0 0.6
=-3.0and <22 0.4
=>-22and —1.4 0.2
=—1.4 0
Vitamin D (ng/ml) <30 0.8
30-50 0.6
50-70 0.4
70-90 0.2
=90 0
Prevalent vertebral fracture* 0 0
1 0.1
2-6 0.4
=7 1.1
Prevalent NV fracture Yes 0.4
NV, non-vertebral.
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The area under the ROC curve, depicting the level of
sensitivity and specificity associated with predicting the NV
fracture risk on the basis of the six predictors in the final model,
was 0.66. The ROC results were used to define a subgroup of
women with high risk of NV fracture. A cut-off value for the
predicted probability of NV fracture was selected to minimise
the absolute difference between sensitivity and specificity. The
value was 0.086 (ie, 8.6% NV fracture risk at baseline), and it
corresponded to a sensitivity of 62.4% and a specificity of 62.3%.

Table 2 reports the NV fracture risk index. The result can be a
value in the range from 0 (no risk) to 4.6 (highest risk).
Patients with an NV index =2.1 belonged to the high-risk
subgroup—that is, with a 3-year probability of fracture of at
least 8.6%.

In the subgroup of women (n=998) with an index of NV
fracture risk =2.1, the incidence of NV fractures was 13.2%
(11.1-15.3%)—that is, 1.5 times higher than the average of the
population (fig 1).

DISCUSSION

This study shows that, in postmenopausal women with
osteoporosis already selected as being at high risk of fracture,
six factors easily assessable in clinical practice, such as age,
height, prior NV fracture, number of prevalent vertebral
fractures, femoral neck T-score and serum 25-hydroxyvitamin
D, are important predictors of the risk of NV fractures.

Risk factors have been described to be different for different
NV fractures. No single factor is responsible for the occurrence
of a fracture, and the combination of factors may differ
between individuals. Some studies have focused on hip fracture
or Colles’ fracture.”' ** For example, previous wrist fracture, low
body weight, low calcium intake and non-use of hormone
replacement therapy have been reported to be risk factors
specific to Colles” fracture. But the direction of the fall also
makes a difference: a forward fall is a risk factor for Colles’
fracture, and a sideways fall, is a risk for hip fracture. We did
not focus our analysis on a particular NV fracture; we were
interested in the clinical use of prediction of such fractures as a
group in clinical management of postmenopausal women with
0steoporosis.

From a biomechanical point of view, it is logical that
increasing height is a risk factor for NV fracture, as it increases
the energy released during trauma.* Low body weight is a
strong risk factor for hip fracture **?; however, thinner women
have lower BMD for several reasons, including low transmitted
gravitational forces and lower levels of endogenous oestrogens.
Thus, femoral neck T-score was included in our multivariate
analysis. BMD is a strong risk factor for NV fractures.”””” A low
hip BMD is a stronger predictor of hip fracture than BMD at
other sites.” In the Study of Osteoporotic Fracture, the
incidence of most fracture types was found to be significantly
increased in older women with low BMD (measured at the
radius or the os calcis).> *° Prevalent vertebral fractures are an
expected risk factor for incident NV fractures—for either their
severity” or their number. This reflects the systemic bone
fragility.

Vitamin D deficiency and secondary hyperparathyroidism are
common in older women and play a major role in the
pathogenesis of hip fracture.* ** The role of this mechanism
in the occurrence of other NV fractures is unknown. However,
vitamin D deficiency has a role not only in bone fragility but
also in muscle function. Falls are mainly related to muscle
weakness, postural instability and incoordination. In the
Mediterranean Osteoporosis study,’” there was a continuous
increase in hip fracture incidence with decreasing sunlight
exposure, without an apparent threshold. The decline in renal
function with age, including impaired 1—o hydroxylase
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Figure 1 (A) Probability of non-vertebral
fracture in 3 years in postmenopausal
women with osteoporosis, according to
baseline index risk; (B) distribution of the
index values, including outliers.

B

47

= 3l
2z

3 2
a
o
a

'| L

07

0-1 1.1-2 2.1-3 3.1-4.6
Index

activity, may be an additional factor. In the prospective
Occupational Physicians Reporting Activity study,” older
women with low levels of 25-hydroxyvitamin D had both an
inferior physical activity and postural stability and an increased
risk of fractures. In both active and inactive women aged
=60 years, the lower the 25-hydroxyvitamin D concentration,
the lower the musculoskeletal function in the lower extremi-
ties.** Studies have shown that vitamin D may reduce the risk of
fractures* and also the risk of falls.* Vitamin D supplementa-
tion does not have a direct effect on muscle strength, but may
improve neuromuscular or neuroprotective function.” In our
prospective study, although patients received supplements of
calcium and vitamin D, the low baseline level of 25-
hydroxyvitamin D was still a significant risk factor for fracture,
which may be related to a long-term effect of sarcopenia caused
by vitamin D deficiency.”” Moreover, the dose of vitamin D
which would be beneficial is unknown, and trials using
<800 IU/day of vitamin D did not find a consistent effect on
fracture risk.** We could not account for changes in vitamin D
status over time, as no repeated measurements were made. By
contrast, we observed similar results regardless of when
baseline vitamin D measurement was taken, indicating that
the effect was not season-dependent (data not shown).

The main limitation of our study is that information on falls
is not available. The low value of our ROC curve area may be
related to this ignored parameter, which is of crucial
importance in explaining the fractures.*>* In the
Mediterranean Osteoporosis study,’ the best combination of
risk factors led to a sensitivity of 55% and a specificity of 65%
(excluding age). However, as in our study, this combination has
a high attributable risk. A retrospective study of postmenopau-
sal women showed an increased risk for fractures during the
preceding year in women who reported a fall during that period
and had low BMD, but not in women with a history of falling
and normal BMD, nor in women who reported no falls
irrespective of their BMD.”' These results suggest that the risk
for clinical, mainly NV, fractures is increased only in women
with a combination of low BMD and incident falls. Studies of
fall prevention have shown varying results, but none have
shown a decrease in the number of fractures.”” This apparent
lack of anti-fracture efficacy might reflect the fact that these
studies were not performed in patients selected on the basis of
low BMD. Anti-osteoporotic treatments have shown their
efficacy only in women who have low BMD or prevalent
vertebral fractures. It remains to be clarified whether measures
to prevent falls—in combination with drug therapy—might
further reduce the risk of fracture.

Our study suggests that, in women with osteoporosis, a
proportion of patients with a high risk of NV fractures can be
selected, and that an index is a convenient tool for this selection
in clinical practice. First-line treatment for these patients must
be chosen from those available with a proven efficacy for
reduction of NV fracture risk.”
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