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Abstract

No studies have compared how well different prediction models discriminate older men who have 

a radiographic prevalent vertebral fracture (PVFx) from those who do not. We used area under 

receiver operating characteristic (AUROC) curves and a net reclassification index to compare how 

well regression-derived prediction models and non-regression prediction tools identify PVFx 

among men age ≥ 65 years with femoral neck T-score ≤ −1.0 enrolled in the Osteoporotic 

Fractures in Men (MrOS) Study. The AUROC for a model with age, bone density (BMD), and 

historical height loss (HHL) was 0.682 compared to 0.692 for a complex model with age, BMD, 

HHL, prior non-spine fracture, body mass index, back pain, grip strength, smoking, and 
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glucocorticoid use (p-values for difference in five bootstrapped samples 0.14 to 0.92). This 

complex model, using a cutpoint prevalence of 5%, correctly re-classified only a net 5.7% (p-

value 0.13) of men as having or not having a PVFx compared to a simple criteria list (age ≥80 

years, HHL >4 cm, or glucocorticoid use). In conclusion, simple criteria identify older men with 

PVFx as well as regression-based models. Future research to identify additional risk factors that 

more accurately identify older men with PVFx is needed.

Keywords

prevalent vertebral fracture; prediction models; model discrimination; vertebral fracture 
assessment; bone densitometry

Introduction

Radiographic prevalent vertebral fractures (PVFx) are present in over 10% of older men,(1) 

are a marker of bone fragility and high fracture risk,(2–7) and yet are frequently 

unrecognized in clinical practice.(8) Vertebral fracture assessment either with densitometric 

lateral spine images(9) or standard spine radiographs(10) is a cost-effective method to 

identify many who have a (PVFx) who otherwise might not be recognized as being at high 

risk of subsequent fractures and in need of treatment. A barrier to implementation of case 

finding strategies to identify those with PVFx may be the complexity of existing guidelines.

(11) While many risk factors have been shown to be independently associated with PVFx in 

multivariable-adjusted regression models,(12–22) only a few of these studies included 

significant numbers of men.(18, 21–23) Moreover, studies to date have not investigated 

whether or not prediction models incorporating most or all of these risk factors perform 

better than more parsimonious models that might be easier to implement in clinical practice. 

Additionally, it is unclear if regression-based prediction models more accurately 

discriminate men with from men without PVFx than simple lists of indications for lateral 

spine imaging. Regression-based prediction models are more difficult to implement into 

clinical practice, because they require a complex calculator to render an estimated risk of 

PVFx being present from parameter inputs. In contrast, a non-regression based list of 

indications simply requires the practitioner to know if the patient has one or more 

indications for lateral spine imaging.

Our objectives were two-fold; a) examine how well nested regression models discriminate 

men with low bone mass who have radiographic PVFx from those who do not among men 

with low bone mass enrolled in the Osteoporotic Fractures in Men (MrOS) Study, using area 

under receiver operating characteristic (AUROC) curves and the net reclassification 

improvement (NRI) statistic of Pencina;(24) and b) examine how well, again using AUROC 

analyses and the NRI statistic, these regression models discriminate those with, from those 

without radiographic PVFx, compared to simple lists of indications for lateral spine 

imaging.
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Materials and Methods

The Osteoporotic Fractures in Men (MrOS) Study enrolled 5,994 men in 2000 to 2002 in six 

metropolitan areas of the United States (Birmingham AL, Minneapolis MN, Palo Alto CA, 

Pittsburgh PA, Portland OR, and San Diego CA). Methods of study recruitment have been 

described previously.(25, 26)

Identification of Prevalent Radiographic Vertebral Fractures

Lateral lumbar and thoracic spine radiographs were obtained for all men at the baseline 

study visit with an x-ray tube to film distance of 40 inches using a breathing technique, with 

thoracic x-rays centered at T7 and lumbar x-rays centered at L3. All technically adequate x-

rays (for 5,958 men) were scanned to digital format. A triage process that has been validated 

in other populations was used to identify those (2,745 men) with unequivocally normal x-

rays.(27) The lateral spine radiographs of the remaining 3,213 men were evaluated by an 

expert reader (JTS) for vertebral fracture using the Genant semi-quantitative criteria,(28) 

with the revision that those vertebrae judged visually to be mild (grade 1) deformities had to 

have endplate depression or obvious cortical buckling to be considered fractured. Intra-

reader reliability was evaluated with kappa statistic on four occasions in this process, and 

ranged from 0.79 to 0.92.

We excluded those without a prior spine fracture (n=242) from our analyses. While patient 

self-reports of vertebral fracture are not as accurate as self-reports of prior hip fracture,(29) 

the positive predictive value of a positive self-report of vertebral fracture may be as high as 

85%.(30) We chose to further restrict our analyses to the population with a femoral neck T-

score ≤ −1.0 (n = 3, 271) according to young male reference norms because to our 

knowledge there is no evidence regarding the efficacy of currently available fracture 

prevention therapies in those with normal BMD.

Measurement of bone mineral density

Bone mineral density was measured at the femoral neck and total hip with QDR-4500 fan-

beam densitometers (Hologic, Bedford, MA, USA), at the baseline MrOS visit. Central 

training of densitometry technologists and cross-calibration of densitometers across study 

centers with a phantom was done to ensure consistency and quality of bone mass 

measurement.(36)

Measurement of other covariates

At the baseline visit, all MrOS participants were asked their height at age 25, and height loss 

was calculated as the difference between recalled young height and height measured at the 

baseline visit with a Harpenden stadiometer. Current weight was measured at the baseline 

visit with a balance beam or electronic scale, and body mass index calculated weight (kg) 

divided by height(meters) squared. Participants were asked if they experienced any fractures 

since age 50, and if so, the skeletal location of the fracture(s). They were asked whether or 

not they were currently smoking cigarettes, whether or not they were taking glucocorticoids, 

and whether or not they were on anti-androgenic drugs or had had an orchiectomy. Grip 
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strength was measured using Jamar dynamometers.(37) They were asked if they had lower 

back pain over the past year and to rate how much it limited their activity.

Selection of Covariate Predictors for Regression-Based Prediction Models

Virtually all studies published to date have identified age and bone mineral density (BMD) 

as predictors of PVFx, and hence we chose age and femoral neck BMD as our first 

regression model (Model 1) to test in the subset with no self-reported vertebral fracture as of 

visit 3. Historical height loss (recalled young adult height minus current height) has also 

been consistently identified as an independent risk factor for PVFx,(15, 17, 19, 31, 32) and 

is a stand-alone indication for vertebral fracture assessment in the 2007 International Society 

for Clinical Densitometry (ISCD) Position Statement for densitometric vertebral fracture 

assessment (VFA) indications.(11) Hence, Model 2 for comparison included age, femoral 

neck BMD and historical height loss as predictors.

Model 3 included age, femoral neck BMD, historical height loss, prior non-vertebral 

fracture, body mass index (BMI), grip strength, and self-reported back pain as predictors. 

Prior fracture is a secondary indication (when combined with age) in the 2007 ISCD 

indications for VFA,(11) and BMI has been identified in some studies (13, 15, 17, 20), but 

not others (18, 21, 22), as a risk factor for vertebral fracture. Other studies have identified 

back pain to be associated with PVFx in women,(22, 32–35) and two have identified grip 

strength as to be associated with PVFx.(12, 22) Model 4, the most complex model, included 

all the covariates of Model 3 plus current glucocorticoid use and current smoking as 

predictors.

Covariates Included in Different Lists of Indications for Lateral Spine Imaging

The 2007 ISCD criteria for vertebral fracture assessment for men were the following;(11) 1) 

age ≥ 80 years; 2) historical height loss > 6 cm; 3) current glucocorticoid use; or 4) two of 

the following (age 70 to 79 years combined with prior non-vertebral fracture, height loss > 3 

but ≤ 6 cm, prior orchiectomy, current androgen deprivation therapy). The three sets of 

simple criteria that we chose to test were the following: a) age ≥ 80 years, historical height 

loss > 6 cm or current glucocorticoid use [Simple 1]; b) age ≥ 75 years, historical height loss 

> 6 cm or current glucocorticoid use [Simple 2]; or c) age ≥ 80 years, historical height loss > 

4 cm or current glucocorticoid use [Simple 3].

Statistical Analyses

The primary analyses were done using logistic regression models with semi-quantitative 

(SQ) grade 2 or grade 3 PVFx as the dependent variable in those with a femoral neck T-

score (using young male reference data) at the baseline visit of ≤ −1.0. Five sets of 

secondary analyses were done; one with fractures of all SQ grades as the dependent variable, 

one restricted to just those with a femoral neck T-score ≤ −1.0 but >−2.5, a third set 

including those within all levels of BMD, and a fourth set substituting spine for femoral 

neck BMD. A fifth set of secondary analyses were done where we tested if non-linear 

predictors might improve model discrimination. We did this in two ways; a) we added age 

squared and interaction terms between age and femoral neck BMD, age and height loss, 

height loss and BMD, and height loss and prior non-spine fracture to the models; and b) 
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modeled continuous variables as four-level categorical variables. For all regression models, 

model fit and calibration was tested with the Hosmer-Lemeshow test, and model 

specification with Pregibon’s linktest.(38)

Because AUROC statistics that are derived in the same samples in which they were 

produced can be overinflated (unless the sample size is very large),(39) we produced five 

bootstrapped models for each of the four parent regression models, and compared the 

AUROC statistic between the nested models for each of five pairs of bootstrapped samples.

While AUROC statistics give an overall assessment of model discrimination across the 

entire range of pre-test probability of the dependent variable, lateral spine imaging for PVFx 

is likely to be cost-effective in populations with relatively modest or even low prevalence of 

vertebral fracture.(9, 10) Net reclassification indexes are a method of testing how well two 

prediction rules discriminate those who have from those who do not have an outcome at a 

set prevalence of that outcome. Suppose, for example, that clinicians choose to get spine 

imaging on anyone who has a pre-test probability ≥ 10% of having a radiographic PVFx. In 

this instance, true positives would be those with a model predicted probability of having a 

prevalent vertebral fracture ≥10% who truly have one, and true negative would be those who 

have a model predicted probability of having a radiographic PVFx < 10% who in fact do not 

have one. False positives and false negatives are, respectively, those with a ≥ 10% 

probability of having a radiographic PVFx who do not have one, and those with a < 10% 

probability of having a radiographic PVFx who in fact do have one. The proportion of 

individuals correctly classified by the model is the sum of true positives and true negatives 

divided by the total sample number. By the Pencina method,(24) the NRI using a second 

model instead of a first model is the proportion who are shifted from being incorrectly 

classified to correctly classified using Model 2 instead of Model 1, minus the proportion 

who are shifted from being correctly classified to incorrectly classified using Model 2 

instead of Model 1. We compared nested models with NRI at pre-test probability cutpoints 

of 5%, 10%, and 15%.

To better understand the practical impact of using any of the four prediction models to 

decide who should have lateral spine imaging to detect PVFx, we calculated for each of the 

four regression models using prevalence cutpoints of 5%, 10% or 15%: a) the proportion 

who would be chosen to have lateral spine imaging; b) the proportion of men with a PVFx 

who would be detected; an c) among those who did receive a lateral spine image, the 

proportion who would have one or more PVFx.

We used this NRI method to compare how well these regression models correctly classified 

PVFx status compared to a list comprising nearly all of the indications for lateral spine 

imaging for men in the 2007 ISCD Position Statement. We also compared how well the 

regression-based prediction models and 2007 ISCD criteria classified those with, and those 

without PVFx (among those with a femoral T-score of ≤−1.0), relative to the three simple 

lists of indications (Simple 1, Simple 2, and Simple 3), using Stata 12.0.
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Results

Among all 5,958 men with evaluable lateral spine radiographs, 689 (11.6%) had one or more 

PVFx; 448 (7.5%) had a moderate or severe (SQ grade 2 or 3) PVFx. Two hundred forty 

two (242, or 4.1%) self-reported a history of vertebral fracture at the baseline visit, and of 

these, 59% had a PVFx of any grade, and 50% had a moderate or severe PVFx. Hence, we 

reasoned that a self-reported (but undocumented) history of prior vertebral fracture would be 

a reasonable stand-alone indication for lateral spine imaging, and did not include these men 

in subsequent analyses, as well as those with a femoral neck T-score > −1.0.

The characteristics of the remaining 3,271 men are shown in Table 1; those who had a 

radiographic PVFx were older, had lower bone mineral density, had more historical height 

loss, lower grip strength, and slightly higher body mass index. Those with one or more 

radiographic PVFx were also more likely to have had a self-reported prior non-spine fracture 

since age 50, to have had back pain, and to be on glucocorticoid therapy.

Among the 3,271 men with femoral neck BMD T score ≤−1 and no self-reported prior spine 

fracture, the associations of potential predictor variables with SQ grade 2 or 3 radiographic 

PVFx within the four nested models is shown in Table 2. Lower BMD, greater height loss, 

prior non-vertebral fracture, higher BMI, lower grip strength, and current glucocorticoid use 

were all independently associated with prevalent PVFx. In all bootstrapped model 

comparisons, the AUROC of Model 2 based on age, femoral neck BMD and historical 

height loss (AUC range 0.676–0.681) was superior to that of Model 1 based on age and 

femoral neck BMD alone (AUC range 0.638 – 0.642, chi2 range 8.5 to 16.5, p-value range 

<0.001 to 0.003) indicating modestly better discrimination of whether or not a PVFx was 

present (Table 3). Moreover, 5.9% and 4.9% of men had a net correct re-classification of 

PVFx status using Model 2 instead of Model 1 at, respectively, pre-test probability cutpoints 

of 5% and 10%. Models 3 and 4 did not significantly discriminate those with compared to 

those without PVFX compared to model 2 by either AUROC analyses or NRI at any of the 

three pre-test probability cutpoints. Repeating these analyses with radiographic PVFx of all 

SQ grades, restricting the analyses to men with a femoral neck T-score of −1.0 to −2.4, or 

including all 5,712 men regardless of baseline BMD level did not alter these results (data not 

shown). Adding age squared, interaction terms between age and BMD, age and height loss, 

height loss and BMD, and height loss and prior fracture did not improve model 

discrimination for any of the four models by AUROC analyses (data not shown). Similarly, 

modeling age, femoral neck BMD, height loss, or grip strength as four level categorical 

variables also did not improve model discrimination (data not shown).

There was a wide range of values for the calculated proportion who would be screened, the 

proportion of men with one or more moderate to severe radiographic PVFx who would be 

detected, and the prevalence of moderate to severe PVFx among those who would be 

screened. This was driven primarily by the prevalence cutpoint of a PVFx being present 

chosen to decide whether or not lateral spine imaging should be done (Table 4). As the 

prevalence cutpoint is raised, a lower proportion of men would receive lateral spine imaging, 

and a lower proportion of men with PVFx will be detected. As greater numbers of covariates 

are added to the prediction model, there are slight changes in the proportion of men who 
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would be screened, the proportion of men with PVFx who are detected, and among those 

screened the proportion who have a PVFx detected, but these differences were relatively 

small.

Using a 5% prevalence cutpoint for a grade 2 or 3 PVFx, regression Model 2 and Model 4 

showed a net correct classification PVFx status, respectively, of 5.2% and 10.5% compared 

to the ISCD 2007 criteria (Table 5). However, regression Models 2 and 4 did not show any 

better ability to discriminate those with from those without PVFx than simple criteria set 1 

(age ≥ 80 years, historical height loss > 6 cm, or current glucocorticoid use). However, 

simple criteria set 1 also only detected 51% of men with a prevalent vertebral fracture. If the 

age criterion was lowered to ≥ 75 years (simple criteria set 2; age ≥ 75 years, historical 

height loss > 6 cm, or current glucocorticoid use), the proportion of men with a PVFx 

detected rose to 65%, but regression models 2 and 4 both discriminated those with from 

those without PVFx better than simple criteria set 2 (NRI of 8.7% (11.8%) for Model 2 

(Model 4) vs. simple criteria set 2). However, if the height loss criterion was lowered to > 4 

cm (simple criteria set 3; age ≥ 80 years, height loss > 4 cm, or current glucocorticoid use), 

the proportion of those with PVFx detected rose to 73%, and the NRI of regression Models 2 

and 4 was not statistically significantly better compared to simple criteria set. Simple criteria 

3 had an NRI of 5.1% compared to the 2007 ISCD criteria, but this comparison did not quite 

reach significance (p-value 0.06).

Discussion

Previously undiagnosed prevalent radiographic vertebral fractures are present in a 

significant minority of men age 65 and older with low bone mass, albeit not as commonly as 

is seen in age-matched women. Although we confirmed findings of multiple other studies 

that numerous risk factors, including femoral neck BMD, historical height loss, self-reported 

prior non-vertebral fractures, BMI, and smoking are each associated with PVFx after 

multivariable adjustment, regression models incorporating all of these risk factors did not 

discriminate those with from those without PVFx better than more parsimonious regression 

models. Based on the findings from our model comparisons using AUROC analyses and the 

NRI statistic, a model that includes only age, femoral neck BMD, and historical height loss 

appears to perform better than a model with age and BMD alone, and performs as well as 

more complex models. More importantly, a simple list of three dichotomous criteria based 

on clinical risk factors alone and easily assessed in the busy clinical practice setting (age ≥ 

80 years, historical height loss > 4 cm, or current glucocorticoid use) appears to discriminate 

those with, from those without PVFx, as well as any of the regression-based prediction 

models we tested.

There is no consensus as to how high the pre-test probability of a clinically unapparent 

radiographic vertebral fracture should be before lateral spine imaging is worthwhile. 

However, based on the low cost of lateral spine imaging and generic therapies now available 

to treat osteoporosis, and the sensitivity analyses of previously published cost-effectiveness 

studies, lateral spine imaging may be cost effective even when the prevalence of vertebral 

fracture in the screened population is as low as 5%.(9) However, this is predicated on: a) the 

assumption that detection of a moderate to severe prevalent PVFx would lead to 
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commencement of or change in fracture prevention medication; and b) that the reader of the 

lateral spine image has the requisite training and experience to accurately discern vertebral 

fractures from non-fracture vertebral deformities and from normal vertebrae. Several studies 

have shown that appropriately trained non-radiologists can accurately interpret densitometric 

lateral spine images.(28, 40–42)

The prevalence of undetected PVFx among men selected for lateral spine imaging using 

simple criteria set 3 (low bone mass combined with age ≥ 80 years, historical height loss > 4 

cm, or current glucocorticoid use) is about 10%, and these three simple criteria discriminate 

men with low bone mass who have a moderate to severe radiographic PVFx from those who 

do not as well as regression-based prediction models using currently known risk factors for 

PVFx. Based on the results of our analyses, these criteria (combined with the stand alone 

indication of a self-reported but undocumented prior vertebral fracture) may constitute at 

this time a reasonable set of indications to use in the clinical practice setting for performing 

densitometric lateral spine imaging or standard radiographs (combined with interpretation 

by appropriately trained readers) in men age 65 and older with low bone mass.

There are important limitations to our analyses. First and foremost, although we performed 

internal validation of our prediction models by comparing their AUROC’s in bootstrapped 

samples from the parent study population, both the prediction models and these sets of non-

regression based prediction tools for PVFx among men should be externally validated in 

other studies and populations. Second, although men of all ethnic backgrounds residing in 

the U.S. were enrolled in MrOS, non-Caucasian men represent only 10.5% of the study 

population, and we did not have adequate power to examine prediction models in the small 

non-Caucasian subset of the cohort. Third, the overall predictive power of all of these 

prediction tools for PVFx was modest, with AUROCs all below 0.7. Research to identify 

risk factors that more accurately identify older men at high risk of having a PVFx is clearly 

needed. Finally, it is uncertain whether our findings based on expert reading of radiographs 

using modified Genant criteria for identification of PVFx is translatable to readings by 

community based readers.

There are many strengths of our study. MrOS is the largest cohort study of men that includes 

comprehensive assessment of PVFx with lateral spine radiographs, and MrOS study 

participants were recruited from large groups and registries closely representative of the 

Caucasian male population of the United States. Assessment of lateral spine radiographs for 

PVFx was done with careful attention to definitions of fracture and non-fracture vertebral 

deformities, and with repeated checks of intra-rater reliability.

In conclusion, a simple list of indications for lateral spine imaging to detect radiographic 

PVFx (age ≥ 80 years, historical height loss > 4 cm, or current glucocorticoid use) performs 

as well as regression-based prediction models discriminating older men with low bone mass 

with from those without radiographic PVFx. However, future research is needed to identify 

additional risk factors that better identify older men with PVFx.
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Table 1

Baseline Characteristics of Participants without a self-reported istory of prior vertebral fracture and with 

femoral neck T-score ≤ −1.0*

Parameter Radiographic
PVFx Absent

(n = 2,870)

SQ1 Only
Fracture
Present
(n=148)

SQ2 or SQ3
Fracture
Present
(n=238)

P-Value

Age, years (SD) 74.3 (6.0) 74.2 (6.1) 75.6 (6.5) 0.006**

Femoral Neck BMD, gm/cm2 (SD) 0.702 (0.066) 0.693 (0.070) 0.665 (0.080) <0.001**

Height Loss, cm (SD) 3.8 (3.0) 4.0 (2.9) 5.2 (3.2) <0.001**

Grip Streng, kg (SD) 37.8 (7.9) 37.1 (8.3) 35.8 (8.1) <0.001**

Back Pain: None 32.5% 32.5% 28.0%

Yes, No Limitation 44.4% 41.2% 40.4% 0.021^

Yes, Minor Limitation 14.9% 15.0% 18.5%

Yes, Major Limitation 8.2% 11.2% 13.0%

Percent with Prior Non-Spine Fracture Since Age 50 18.9%% 21.2%% 39.5% <0.001^

BMI, kg/m2 (SD) 26.4 (3.5) 27.1 (4.0) 26.7 (3.8) 0.048*

Percent Current Smokers 3.3% 3.1% 4.3% 0.23^

Percent Currently Using Oral Glucocorticoids^^ 2.8% 3.0% 6.0% 0.014^

*
Prior self-reported spine fracture variable is missing on 1,404; these individuals are included in these analyses

**
one-way analysis of variance

^
chi-square statistic

^^
data available on only 2,686
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Table 2

Comparison of Nested Models Predicting Moderate to Severe Prevalent Radiographic Vertebral Fractures (SQ 

Grade 2 or 3)

Parameter
Odds Ratio
(95% C.I.)

Model 1 Model 2 Model 3 Model 4

Age (per 5 year increase) 1.12 (1.00 – 1.25) 1.04 (0.93 – 1.17) 1.03 (0.91 – 1.17) 1.00 (0.85 – 1.14)

Femoral Neck BMD (per SD increase) 0.43 (0.34 – 0.54) 0.46 (0.37 – 0.58) 0.44 (0.36 – 0.58) 0.47 (0.36 – 0.62)

Height Loss (per SD increase) 1.43 (1.26 – 1.62) 1.38 (1.21 – 1.58) 1.33 (1.15 – 1.54)

Non-Spine Fx Hx Since Age 50 1.51 (1.11 – 2.07) 1.46 (1.02 – 2.07)

BMI (per SD increase) 1.19 (1.03 – 1.87) 1.20 (1.02 – 1.41)

Grip Strength, kg (SD) 0.91 (0.78 – 1.07) 0.78 (0.66 – 0.94)

Level of Back Pain

None Reference Reference

Yes, No limitation 0.95 (0.69 – 1.30) 1.08 (0.74–1.57)

Yes, Minor limitation 1.17 (0.78 – 1.75) 1.33 (0.84–2.10)

Yes, Major limitation 0.82 (0.47 – 1.42) 0.87 (0.48–1.60)

Glucocorticoid Use (yes vs. no) 1.02 (0.42 – 2.52)

Current Smoking

Never Reference

Past 1.07 (0.77–1.50)

Current 1.39 (0.60–3.23)

C-statistic: development 0.642 (0.605 – 0.679) 0.682 (0.646–0.717) 0.690 (0.654 – 0.726) 0.692 (0.652 – 0.732)

C-statistic: Validation datasets* 0.638 – 0.642 0.676–0.681 0.668 –0.687 0.668–0.689

*
Range of c-statistics in 5 separate bootstrapped datasets
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Table 3

Comparisons of Model Discrimination of Those With from Those Without Prevalent Radiographic Vertebral 

Fracture

Comparison
Measure

Model 2 vs. 1 Model 3 vs. 2 Model 4 vs. 2

&Range of C-stat chi2 (Range of p-values) 8.55 – 16.5 (<0.001 to 0.003) 0.00 – 1.02 (0.28 to 0.96) 0.01 – 2.13 (0.14 to 0.92)

NRI – 5%^ (p-value) 0.059 (0.01) 0.026 (0.22) 0.038 (0.13)

NRI – 10%** (p-value) 0.049 (0.09) 0.003 (0.90) 0.037 (0.26)

NRI – 15%^^ (p-value) 0.024 (0.22) 0.006 (0.78) 0.012 (0.64)

&
Comparisons across five pairs of bootstrapped models

^
Net Reclassification Index Score (Pepe Method), with a pre-test probability cutpoint of 5%

**
Net Reclassification Index Score (Pepe Method), with a pre-test probability cut point of 10%

^^
Net Reclassification Index Score (Pepe Method), with a pre-test probability cut point of 15%
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Table 4

Proportion of Men Who Would Receive Lateral Spine Imaging & Proportion With Prevalent Radiographic 

Vertebral Fracture (PVFx) Detected%

Screening Pre-Test
Probability
Cutpoint**

Percent
Screened^

Percent of
Men with

PVFx
Detected

Prevalence
PVFx Among

Those
Screened

Model 1# 5% 68.1% 81.1% 8.7%

10% 18.6% 34.5% 13.6%

15% 4.9% 11.3% 16.9%

Model 2& 5% 63.5% 81.9% 9.4%

10% 18.2% 38.7% 15.5%

15% 6.4% 15.1% 17.3%

Model 3##

5% 60.5% 81.4% 9.7%

10% 18.6% 39.8% 15.5%

15% 6.6% 16.0% 17.5%

Model 4&&

5% 60.5% 81.2% 9.7%

10% 19.1% 42.0% 15.9%

15% 7.1% 18.8% 19.1%

*
Prediction model used to determine who has lateral spine imaging to look for prevalent vertebral fracture

**
Pre-test probability of PVFx cutpoint at and above which lateral spine imaging would be done

^
Proportion above the cutpoint according to the prediction model who would have spine imaging

#
Model 1: Age and Femoral Neck BMD

&
Model 2: Age, Femoral Neck BMD, and historical height loss

##
Model 3: Age, Femoral Neck BMD, historical height loss, prior non-vertebral fracture, body mass index, presence of and limitations from back 

pain, and grip strength

&&
Model 4: Age, Femoral Neck BMD, historical height loss, prior non-vertebral fracture, body mass index, presence of and limitations from back 

pain, grip strength, smoking, and glucocorticoid use

%
Analyses limited to men with did not self-report prior spine fracture at the baseline visit and with femoral neck BMD T-score ≤ −1.0

J Clin Densitom. Author manuscript; available in PMC 2015 October 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Schousboe et al. Page 16

T
ab

le
 5

N
et

 C
or

re
ct

 R
ec

la
ss

if
ic

at
io

n 
of

 T
ho

se
 w

ith
 S

Q
2 

or
 S

Q
3 

Fr
ac

tu
re

s 
w

ith
 P

re
di

ct
io

n 
M

od
el

s 
C

om
pa

re
d 

to
 S

im
pl

e 
In

di
ca

tio
n 

L
is

ts

M
od

el

R
eg

re
ss

io
n

M
od

el
 2

*
R

eg
re

ss
io

n
M

od
el

 4
#

IS
C

D
 2

00
7

C
ri

te
ri

a*
*

Si
m

pl
e

C
ri

te
ri

a 
1†

Si
m

pl
e

C
ri

te
ri

a 
2^

Si
m

pl
e

C
ri

te
ri

a 
3^

^

%
V

er
t 

F
x 

C
ap

tu
re

d
81

.9
%

81
.4

%
76

.9
%

51
.3

%
65

.5
%

73
.1

%

%
Sc

re
en

ed
63

.5
%

60
.5

%
63

.3
%

35
.3

%
55

.2
%

54
.8

%

Y
ie

ld
&

&
9.

4%
9.

7%
8.

9%
10

.6
%

8.
7%

9.
8%

N
R

I 
M

od
el

 2
 C

ri
te

ri
a 

L
is

t
0.

05
2 

(p
=

0.
10

)
0.

02
6 

(p
=

0.
53

)
0.

08
7 

(p
=

0.
02

)
0.

00
1 

(p
=

0.
97

)

N
R

I 
M

od
el

 4
 C

ri
te

ri
a 

L
is

t
0.

10
5 

(p
=

0.
00

3)
0.

04
5 

(p
=

0.
32

)
0.

11
8 

(p
=

0.
00

4)
0.

05
7 

(p
=

0.
13

)

N
R

I 
vs

. I
SC

D
 c

om
pl

ex
0.

02
6 

(p
=

0.
45

)
−

0.
03

5 
(p

=
0.

21
)

0.
05

1 
(p

=
0.

06
)

&
A

ll 
an

al
ys

es
 d

on
e 

in
 s

ub
se

t o
f 

m
en

 w
ith

 f
em

or
al

 n
ec

k 
B

M
D

 T
-s

co
re

 ≤
 −

1.
0

&
&

Pr
op

or
tio

n 
of

 th
os

e 
sc

re
en

ed
 w

ho
 h

av
e 

a 
po

si
tiv

e 
sp

in
e 

im
ag

e 
fo

r 
ve

rt
eb

ra
l f

ra
ct

ur
e

* R
eg

re
ss

io
n 

m
od

el
 2

, w
ith

 a
 5

%
 p

re
di

ct
ed

 p
ro

ba
bi

lit
y 

cu
tp

oi
nt

# R
eg

re
ss

io
n 

m
od

el
 4

, w
ith

 a
 5

%
 p

re
di

ct
ed

 p
ro

ba
bi

lit
y 

cu
tp

oi
nt

**
IS

C
D

 2
00

7 
Po

si
tio

n 
St

at
em

en
t C

ri
te

ri
a:

 a
ge

≥ 
80

 y
ea

rs
 o

r 
he

ig
ht

 lo
ss

>
6 

cm
 o

r 
gl

uc
oc

or
tic

oi
d 

us
e;

 O
R

 tw
o 

of
 f

ol
lo

w
in

g;
 a

ge
 7

0–
79

 y
ea

rs
 p

lu
s,

 h
ei

gh
t l

os
s 

3 
to

 6
 c

m
, p

ri
or

 n
on

-v
er

te
br

al
 f

ra
ct

ur
e,

 a
nd

ro
ge

n 
de

pr
iv

at
io

n

† Si
m

pl
e:

 a
ge

≥ 
80

 y
ea

rs
 o

r 
he

ig
ht

 lo
ss

>
6 

cm
 o

r 
gl

uc
oc

or
tic

oi
d 

us
e

^ Si
m

pl
e2

: a
ge

≥ 
75

 y
ea

rs
 o

r 
he

ig
ht

 lo
ss

>
6 

cm
 o

r 
gl

uc
oc

or
tic

oi
d 

us
e

# Si
m

pl
e3

: a
ge

≥ 
80

 y
ea

rs
 o

r 
he

ig
ht

 lo
ss

>
4c

m
 o

r 
gl

uc
oc

or
tic

oi
d 

us
e

J Clin Densitom. Author manuscript; available in PMC 2015 October 01.




