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Abstract
To examine the fracture pattern in older women whose bone mineral density (BMD) T-score criteria
for osteoporosis at hip and spine disagree, hip and spine BMD were measured in Study of
Osteoporotic Fractures participants using dual energy x-ray absorptiometry (DXA). Hip osteoporosis
was defined as T-score ≤-2.5 at femoral neck or total hip, and spine osteoporosis as T-score ≤-2.5 at
lumbar spine. Incident clinical fractures were self-reported and centrally adjudicated. Incident
radiographic spine fractures were defined morphometrically. Compared to women with osteoporosis
at neither hip nor spine, those osteoporotic only at hip had a 3.0-fold age and weight-adjusted
increased risk for hip fracture (95%CI 2.4-3.6), and smaller increases in risk of nonhip nonspine
(HR=1.6), clinical spine (OR=2.2), and radiographic spine fractures (OR=1.5). Women osteoporotic
only at spine had a 2.8-fold increased odds of radiographic spine fracture (95%CI 2.1-3.8), and
smaller increases in risk of clinical spine (OR=1.4), nonhip nonspine (HR=1.6), and hip fractures
(HR=1.2). Discordant BMD results predict different fracture patterns. DXA fracture risk estimation
in these patients should be site-specific. Women osteoporotic only at spine would not have been
identified from hip BMD measurement alone, and may have a sufficiently high fracture risk to warrant
preventive treatment.

Keywords
Osteoporosis; bone density; fractures; prospective studies; DXA

Introduction
Bone mineral density (BMD) is well established as a predictor of future fracture risk. Decreased
BMD at the proximal femur, lumbar spine, radius, and calcaneus all predict increased risk of
incident hip, spine, and nonhip nonspine fractures.(1,2) In 1994, the World Health Organization
(WHO) published BMD-based criteria for classifying Caucasian postmenopausal women as
osteoporotic, osteopenic (low bone mass) or normal. For epidemiologic purposes, osteoporosis
was defined as BMD at least 2.5 standard deviations (SD) below the young adult mean (T-
score ≤-2.5).(3) Low bone mass has been defined as BMD more than 1.0 but fewer than 2.5
SD below the young adult mean (T-score >-2.5 and <-1.0).(4)

Although these WHO criteria were not designed for individual clinical diagnosis of
osteoporosis or for use in making treatment decisions, they have been widely utilized for these
purposes. As T-score values from different skeletal sites often disagree, individual patients
may be classified as having osteoporosis, low bone mass, or normal BMD depending on which
skeletal site or sites are measured.(5,6,7,8)

Clinicians may resolve this labeling dilemma by following International Society for Clinical
Densitometry (ISCD) and American Society for Bone and Mineral Research (ASBMR)
recommendations to classify patients on the basis of the skeletal site (total hip, femoral neck,
or lumbar spine) with the lowest T-score.(9,10,11) Alternatively, the International
Osteoporosis Foundation (IOF) has stated that because spine BMD does not enhance fracture
prediction (any osteoporotic, hip, or spine) once hip BMD is known, only hip BMD should be
measured.(12) Implementation of the IOF position would eliminate the need to interpret
discordant hip-spine BMD results. However, if patients with a T-score ≤-2.5 at spine alone are
at high fracture risk, then the IOF approach could lead to under-treatment of these individuals.
With this issue as yet unresolved, the clinician still faces the question of whether hip-spine
BMD discordance is of clinical importance, in particular with respect to risk of future fractures.

Therefore, it is the aim of the present analyses to describe, in patients with BMD measures at
both hip and spine, the patterns for incident hip, spine, and nonhip nonspine fractures in women
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with a T-score ≤-2.5 at the hip but not the spine, and in those with a T-score ≤-2.5 at the spine
but not the hip.

Materials and Methods
Participants

The Study of Osteoporotic Fractures (SOF) is a prospective cohort study that enrolled 9704
community-dwelling women aged 65 years or older at baseline (1986-1988).(13) Participants
were recruited primarily from population-based listings at four U.S. clinical sites: Baltimore,
Maryland; Minneapolis, Minnesota; Portland, Oregon; and the Monongahela Valley,
Pennsylvania. SOF exclusion criteria included an inability to walk without assistance from
another person and a history of bilateral hip replacement. Written informed consent was
obtained from all participants and the institutional review boards at all participating centers
approved the study protocol.

Clinical Fracture Cohort—Between 1989 and 1990, 9339 women (99% of SOF survivors)
attended a 2nd SOF study exam. Of these women, 7583 had no prior hip fracture and completed
technically adequate hip and spine BMD measurements at this visit. These women were the
subject of all subsequent analyses related to incident hip, and nonhip nonspine fractures
(Clinical Fracture Cohort) (Figure 1).

Clinical Spine Fracture Cohort—Among the 7583 women in the Clinical Fracture Cohort,
clinical spine fracture analyses were performed in 6998, after exclusion of 585 women who
had either traumatic, uncertain, or unadjudicated clinical spine fractures (Clinical Spine
Fracture Cohort). (Figure 1) Uncertain fractures (n=299) were those for which no supporting
medical records were available or for which, after review of medical records, adjudicators were
uncertain that a vertebral fracture had occurred. SOF adjudication of self-reported clinical spine
fractures was discontinued after 2001, after which all these self-reports were categorized as
unadjudicated (n=278).

Radiographic Spine Fracture Cohort—Among the 7583 women in the Clinical Fracture
Cohort, 3775 (84% of Clinical Fracture Cohort survivors) attended an 8th SOF study exam
between 2002 and 2004. Of these women, 2333 had no history of hip fracture prior to the 3rd

SOF exam and completed technically adequate spine radiographs at both the 3rd and 8th SOF
exams. These women were the subject of all subsequent analyses related to incident
radiographic spine fractures (Radiographic Spine Fracture Cohort) (Figure 1).

Measurement and Categorization of BMD
At the 2nd SOF exam, BMD (g/cm2) of the lumbar spine, total hip and hip subregions was
measured in the anteroposterior (AP) projection using dual energy x-ray absorptiometry (DXA)
(QDR 1000, Hologic, Inc., Waltham, MA) in all SOF participants. Based on measurements of
research staff who visited all four clinical centers, the mean coefficients of variation between
centers were 1.2% for the proximal femur and 1.5% for the lumbar spine.(14) At the time of
the lumbar spine DXA readings, abnormal vertebrae and other vertebral artifacts were neither
documented nor excluded from estimates of lumbar spine BMD.

Total hip and femoral neck BMD results were transformed to T-scores using a population-
based white female reference database from the NHANES III study.(15) Lumbar spine BMD
results were transformed to T-scores using a Hologic white female reference database. Based
on their total hip and femoral neck T-scores, women were categorized as osteoporotic at the
hip if either T-score was ≤-2.5, as osteopenic (low bone mass) at the hip if both were >-2.5 but
at least one was <-1.0, and as normal at the hip if both were ≥-1.0. Based on their lumbar spine
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T-score, women were categorized as osteoporotic at the spine if the spine T-score was ≤-2.5,
low bone mass at the spine if the T-score was >-2.5 but <-1.0, and normal at the spine if it was
≥-1.0.

Participants then were categorized with respect to osteoporosis as: (1) osteoporotic only at hip,
(2) osteoporotic only at spine, (3) osteoporotic at both sites, or (4) osteoporotic at neither site.
Secondarily, participants who were osteoporotic at the hip were subcategorized based on their
spine BMD category into those who also were osteoporotic at spine (i.e. concordant with spine),
those with low bone mass at the spine (i.e. minor discordance with spine), and those with
normal BMD at the spine (i.e. major discordance with spine). Similarly, participants who were
osteoporotic at the spine were subcategorized based on their hip BMD category into those who
also were osteoporotic at the hip (i.e. concordant with hip), those with low bone mass at the
hip (i.e. minor discordance with hip), and those with normal BMD at the hip (i.e. major
discordance with hip).

Identification of Clinical Fractures
Incident hip, nonhip nonspine, and clinical spine fractures were identified by self-report and
confirmed by review of radiological reports. SOF participants were contacted by mail or
telephone and asked about incident fractures every four months; follow-up was >95%
complete. Study adjudication of clinical spine fractures was discontinued after 2001. A detailed
description of the implementation and accuracy of SOF fracture data was previously reported.
(16)

Identification of Radiographic Spine Fractures
Incident radiographic spine fractures were defined morphometrically by comparison of spine
radiographs completed at the 3rd and 8th SOF exams (mean interval between exams 11.3 years,
range 10.0-13.2). Incident fractures were defined by a decrease in vertebral height at any
vertebral level of ≥20% and at least 4 mm. Prevalent vertebral deformities were defined using
modified Melton/Eastell vertebral height ratio criteria.(17,18) Three heights were calculated
for each vertebral body: anterior (Ha), middle (Hm), and posterior (Hp), and a vertebral body
was considered deformed if any of the following height ratios exceeded 3 SD below the mean
value for that vertebral level: Ha/Hp, Hm/Hp, Ha/Ha+1, Hp/Hp+1, Ha/Ha-1 or Hp/Hp-1.(19)

Statistical Analyses
Analyses of differences between participants in the four osteoporosis categories (i.e.
osteoporotic only at hip, osteoporotic only at spine, osteoporotic at both sites, osteoporotic at
neither site) were assessed using Chi-square tests for dichotomous variables and ANOVA and
Kruskal-Wallis tests for continuous variables.

To characterize the pattern of site-specific fractures in participants in the four osteoporosis
categories, age-adjusted rates and 95% confidence intervals were estimated for incident hip
fractures and incident nonhip nonspine fractures within these categories of participants in the
Clinical Fracture Cohort, but not for incident spine fractures in either cohort as the dates of
spine fractures were unknown.

To estimate the risk of incident fractures among participants in the four osteoporosis categories,
age- and weight-adjusted Cox proportional hazards regression analyses were employed to
examine the hazard ratios (HR) and 95% confidence intervals for incident hip fractures and
incident nonhip nonspine fractures within the Clinical Fracture Cohort. Risks for fractures were
estimated in women who were osteoporotic only at hip, osteoporotic only at spine, or
osteoporotic at both sites, using women with osteoporosis at neither site as the referent group.
Because time to incident spine fractures could not be determined, age- and weight-adjusted
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logistic regression analyses were employed to examine the odds ratio (OR) and 95% confidence
intervals for incident clinical spine fractures within the Clinical Fracture Cohort and for
incident radiographic spine fractures within the Radiographic Spine Fracture Cohort. As in the
proportional hazards models, women with osteoporosis at neither site were used as the
reference group.

To explore whether incident fracture risk in women osteoporotic only at spine was explained
by concomitantly low hip BMD, women with osteoporosis only at spine were stratified into
their total hip T-score tertiles, and incident fracture risk within each tertile was compared to
that in women with osteoporosis at neither site. A similar approach was taken to explore
whether differences in incident fracture risk in women osteoporotic at both hip and spine
compared to those osteoporotic at neither site or those osteoporotic only at hip were explained
by between-group differences in hip BMD. First, women osteoporotic at both hip and spine
were stratified into their total hip T-score tertiles. Then, incident fracture risk within each tertile
was compared to that in women with osteoporosis at neither site and separately to that in women
with osteoporosis only at hip.

To explore whether the magnitude of BMD discordance between hip and spine sites impacted
subsequent risk of fracture, women with hip osteoporosis were stratified into those with normal
spine BMD, low bone mass at the spine, or osteoporosis at the spine. Risk of incident fracture
within each of these groups was compared to that in women with osteoporosis at neither site.
Similarly, women with spine osteoporosis were stratified into those with normal hip BMD,
low bone mass at the hip, or osteoporosis at the hip. Risk of incident fracture within each of
these groups was compared to that in women with osteoporosis at neither site.

To explore the impact of prevalent baseline vertebral deformity status on the association
between discordance status and subsequent risk of radiographic spine fractures, incident
fracture risks were estimated in subgroups of the Radiographic Spine Fracture Cohort defined
according to presence or absence of prevalent vertebral deformity at the 3rd SOF exam.

Finally, to explore whether associations of BMD discordance with risk of clinical spine fracture
might be impacted by imprecision in the clinical spine fracture adjudication process, we
performed a sensitivity analysis assuming that all self-reported clinical spine fractures
adjudicated as “uncertain” represented true spine fractures.

All analyses were performed with SAS, version 9.1 (SAS Institute, Inc., Cary, NC).

Results
Site-Specific Osteoporosis Status

Within the 7583 participants in the Clinical Fracture Cohort (Table 1), 10% were osteoporotic
only at hip, 16% were osteoporotic only at spine, 17% were osteoporotic at both hip and spine,
and 58% were osteoporotic at neither site. Among the 2041 (27%) participants with
osteoporosis at the hip, 1314 (64%) were also osteoporotic at the spine (i.e. concordant with
spine), 602 (29%) had low bone mass at the spine (i.e. minor discordance with spine), and only
125 (6%) had normal spine BMD (i.e. major discordance with spine). Among the 2493 (33%)
participants with osteoporosis at the spine, 1314 (53%) were osteoporotic at the hip (i.e.
concordant with hip), 1139 (46%) had low bone mass at the hip (i.e. minor discordance with
hip), and only 40 (2%) had normal hip BMD (i.e. major discordance with hip). The distribution
of participants among these categories was similar within the Radiographic Spine Fracture
Cohort (data not shown).
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Participant Characteristics
In both the Clinical Fracture Cohort and the Radiographic Spine Fracture Cohort, there were
significant differences in age, weight and site-specific BMD between the four categories of
participants defined by osteoporosis status. For both cohorts, those with osteoporosis at neither
site generally appeared younger and weighed more, those osteoporotic at both hip and spine
were older and lighter, those osteoporotic only at hip were older but of intermediate weight,
and those osteoporotic only at spine were younger and of intermediate weight (Table 1).
Compared to participants with osteoporosis at neither site, those osteoporotic only at spine
appeared to have modestly lower BMD at both femoral neck and total hip, while those
osteoporotic only at hip appeared to have modestly lower spine BMD. When compared to all
participants in the Clinical Fracture Cohort, the subset comprising the Radiographic Spine
Fracture Cohort appeared younger, but was similar with respect to weight and BMD.

Incident Fractures
Overall—Among the 7583 participants in the Clinical Fracture Cohort, during a mean follow-
up period of 11.8 years (range 13 days to 16.9 years), 908 women (12%) experienced an incident
hip fracture and 2222 (29%) experienced an incident nonhip nonspine fracture. Incident clinical
spine fractures were confirmed in 181 women (3%). Within the 2333 participants in the
Radiographic Spine Fracture Cohort, during a mean interval between initial and follow-up
spine x-rays of 11.3 years (range 10.0 to 13.2 years), 356 women (15%) experienced an incident
radiographic spine fracture.

Women with Osteoporosis at Hip Only—Compared to women with osteoporosis at
neither hip nor spine, after adjustment for age and weight, those osteoporotic only at hip had
a 3.0-fold increased risk of incident hip fractures (95%CI 2.4-3.6), 1.6-fold increased risk of
incident nonhip nonspine fractures (95%CI 1.4-1.8), 2.2-fold increased odds of clinical spine
fractures (95%CI 1.3-3.8), and 1.5-fold increased odds of incident radiographic spine fractures
(95%CI 0.9-2.4) (Table 2).

To explore whether these results were explained by between-group differences in spine BMD,
women with osteoporosis only at hip were stratified according to their spine BMD osteoporosis
category. Relative to nonosteoporotic women, the increased risk of incident hip, nonhip
nonspine, and radiographic spine fractures in those osteoporotic only at the hip appeared similar
in magnitude whether they had normal spine BMD or low bone mass at the spine (data not
shown). Similar analyses were limited for incident clinical spine fractures by the relatively low
number of these fractures within each spine BMD stratum of subjects osteoporotic only at hip.

Women with Osteoporosis at Spine Only—Compared to women with osteoporosis at
neither hip nor spine, after adjustment for age and weight, those osteoporotic only at spine had
a 1.2-fold increase in risk of incident hip fracture (95%CI 1.0-1.5), a 1.6-fold increase in risk
of incident nonhip nonspine fracture (95%CI 1.4-1.8), a 1.4-fold increase in odds of clinical
spine fracture (95%CI 0.8-2.4), and a 2.8-fold increased odds of incident radiographic spine
fracture (95%CI 2.1-3.8) (Table 2).

To explore whether these results were explained by between-group differences in hip BMD,
women with osteoporosis only at spine were stratified according to their total hip T-scores or
their hip BMD osteoporosis category. Relative to women with osteoporosis at neither hip nor
spine, age and weight-adjusted hip fracture risk in women with osteoporosis only at spine was
increased only in those in the lowest total hip BMD tertile (HR=1.7, 95%CI 1.2-2.3) (Figure
2). Similarly, women osteoporotic only at the spine had an increased risk of incident hip fracture
if they had low hip bone mass (HR=1.3, 95%CI 1.0-1.6), but not if they had normal hip BMD.
By contrast, compared to women without osteoporosis, those with osteoporosis only at spine
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had a significantly increased risk of nonhip nonspine fracture in all hip BMD categories. The
magnitude of increased risk appeared similar across total hip BMD tertiles (Figure 2) as well
as between women categorized with normal hip BMD and those with low hip bone mass (data
not shown). In further comparison to women with osteoporosis at neither hip nor spine, all total
hip BMD tertiles of women with osteoporosis only at spine had a significantly increased odds
of incident radiographic spine fracture and a modestly though not statistically significantly
increased odds of clinical spine fracture (Figure 2).

Among women with osteoporosis at spine only, those with a baseline vertebral deformity more
frequently had incident radiographic spine fractures than those without a baseline vertebral
deformity (41% vs. 18%). However, the increase in odds of incident radiographic spine fracture
conferred by being osteoporotic at spine only vs. osteoporotic at neither hip nor spine appeared
attenuated in women with baseline vertebral deformities (OR=2.1, 95%CI 1.2-3.7) versus those
with no baseline vertebral deformity (OR=2.8, 95%CI 1.9-4.0).

Women with Osteoporosis at Both Hip and Spine—Compared to women with
osteoporosis at neither hip nor spine, after adjustment for age and weight, those osteoporotic
at both hip and spine had a 2.7-fold increased risk of incident hip fracture (95%CI 2.2-3.2)
(Table 2), a 2.0-fold increased risk of incident nonhip nonspine fracture (95%CI 1.8-2.3), a
6.5-fold increased odds of clinical spine fracture (95%CI 4.4-9.6), and a 4.0-fold increased
odds of incident radiographic spine fracture (95%CI 2.9-5.5).

To explore whether these results were explained by between-group differences in hip BMD,
women with osteoporosis at both hip and spine were stratified according to their total hip T-
scores. Compared to women with osteoporosis at neither hip nor spine, the risk for hip fracture
within those osteoporotic at both hip and spine increased according to the severity of decreased
hip BMD (Figure 2). Compared to women without osteoporosis, risk of nonhip nonspine
fracture in women osteoporotic at both hip and spine was significantly more elevated among
women in the lowest total hip BMD tertile than in those in the upper tertiles (p<0.01 for both
comparisons) (Figure 2). Similar analyses suggested that within women osteoporotic at both
hip and spine, odds of incident radiographic and clinical spine fractures were substantially
increased by severity of decreased hip BMD, though these between-tertile differences were
only borderline statistically significant (Figure 2).

When compared to women osteoporotic only at hip, those osteoporotic at both hip and spine
were not at greater risk of hip fracture, and were at greater risk of nonhip nonspine fracture
only in the lowest total hip BMD tertile. However, they had a significantly greater odds of
clinical and radiographic spine fractures regardless of how severely osteoporotic they were at
the hip (p<0.05 for all comparisons).

Additional Analyses
In sensitivity analyses in which self-reported clinical spine fractures adjudicated as “uncertain”
were considered true clinical spine fractures, the association of osteoporosis only at spine with
clinical spine fractures appeared to be strengthened (OR=2.0, 95%CI 1.5-2.7 vs. OR=1.4,
0.8-2.4 in analyses excluding “uncertain” clinical spine fractures). However, the estimated risk
of clinical spine fractures conferred by osteoporosis at hip only or by osteoporosis at both hip
and spine appeared modestly attenuated (OR=1.8, 95%CI 1.3-2.6 vs. OR=2.2, 1.3-3.8 for
osteoporosis only at hip; and OR=5.2, 4.1-6.7 vs. OR=6.5, 4.4-9.6 for osteoporosis at hip and
spine).
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Discussion
In this large prospective study of postmenopausal women, discordant hip-spine BMD results
were common and predicted differences in the pattern of skeletal site-specific fracture risk.
Among study participants who met T-score criteria for osteoporosis at either hip or spine, nearly
25% were osteoporotic only at hip and more than 40% were osteoporotic only at spine. Of
those women with discordant hip-spine BMD results, most had low bone mass and fewer than
10% had normal BMD at the nonosteoporotic site. Women with osteoporosis at the spine but
not the hip had a substantially increased risk of spine fracture, but only modest increases in
risk of hip and nonhip nonspine fracture. In contrast, women with osteoporosis at the hip but
not the spine had a substantially increased risk of hip fracture, but more modest increases in
risk of spine and nonhip nonspine fracture.

In women with osteoporosis only at the spine, increased risk of incident hip fracture appeared
attributable to lower hip BMD even while hip BMD did not meet osteoporotic criteria.
However, the increased risk for nonhip nonspine and radiographic spine fractures observed in
these women was less clearly associated with worse hip BMD within the nonosteoporotic
range. In women with osteoporosis only at the hip, risk of all fracture types did not appear to
differ significantly based on whether these women had normal spine BMD or low bone mass
at the spine, suggesting that severity of nonosteoporotic levels of spine BMD do not add
predictive value in these patients.

In women with osteoporosis at both hip and spine, the risk of each fracture type compared to
women without osteoporosis was substantially increased by severity of decreased hip BMD.
When women with osteoporosis at both hip and spine were compared to women with
osteoporosis only at hip, the combined osteoporotic group had no excess risk of hip or nonhip
nonspine fractures, but risk of spine fractures was increased in all hip BMD severity categories
examined. These results suggest that results from spine BMD may enhance prediction of spine
fractures even in women known to be osteoporotic at the hip, no matter the severity of hip
osteoporosis.

Our results are consistent with those reported in previous studies in showing limited within-
subject agreement of hip vs. spine BMD for osteoporosis classification and in demonstrating
an increase in sensitivity for diagnosis of osteoporosis when BMD is measured at multiple
sites.(20,20,21) Also in accord with earlier studies, our results show that an increase in the
number of osteoporotic sites predicts a higher risk of incident fractures.(21,22,20) For example,
in one large clinical referral population, the age-adjusted risk of any osteoporotic fracture
ascertained from administrative records increased as the number of osteoporotic sites (total
hip, femoral neck, trochanter, or lumbar spine) increased.(20) This association was eliminated
by adjustment for total hip BMD as a continuous risk factor. An increased number of
osteoporotic sites also separately increased age-adjusted risks for hip, spine, or miscellaneous
fractures (i.e. not involving hip, spine, forearm or proximal humerus), with only the increase
in risk for spine fractures not eliminated by adjustment for total hip BMD. However, this earlier
study did not report incident fracture risks according to which specific sites were osteoporotic,
particularly for patients osteoporotic at spine but not hip and at hip but not spine, which was
the focus of the current study.

Our findings have important clinical implications. Our study suggests that measurement of
spine BMD adds clinical value to hip BMD measurement. For example, women meeting
osteoporosis criteria only at the spine would not be identified as osteoporotic based on hip
BMD measurement alone and may have a sufficiently high risk of fractures, particularly of
spine fracture, to warrant preventive treatment. Further, our finding that patients' patterns of
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osteoporotic sites predict their site-specific risk of future fractures may allow clinicians reading
DXA results to provide patients more individualized prognoses.

The current study has several important strengths. Among these is the long follow-up time and
complete ascertainment of incident fractures, including far more total fractures and hip
fractures than either the recent meta-analysis of cohort studies(22) or the clinical administrative
database study that also examined BMD measurement at multiple sites for prediction of
fractures.(20)

These analyses also have several limitations. Abnormal vertebrae and the effects of aortic
calcification could not be excluded from measurements of baseline spine BMD. This is likely
to have modestly overestimated spine BMD and very slightly underestimated the association
between lower spine BMD and increased fracture risk.(23) Second, because the relationship
between BMD and fracture risk is continuous,(2) use of categorical T-score criteria to define
between-site BMD discordance is arbitrary. These analyses employed T-score criteria in
current clinical use to examine the future fracture implications in patients with known
discordant hip-spine BMD results. They did not attempt to identify the optimum BMD
cutpoints at hip and spine to maximize sensitivity and specificity for prediction of incident
fractures, and did not directly compare whether, at a population level, fractures are best
predicted by measurement of hip BMD alone, spine BMD alone, or measurement of BMD at
both sites, such as with the use of the minimum T-score. Third, because most of the women
osteoporotic only at spine had low bone mass at the hip, detection of many could have been
accomplished by using a less stringent hip T-score diagnostic criterion. Fourth, because
incident radiographic spine fractures could only be identified in participants who attended the
eighth SOF study visit, these may not have been representative of all incident radiographic
spine fractures and this may have impacted their observed association with hip-spine BMD
discordance. Fifth, although hip-spine BMD discordance may be highly prevalent in younger
postmenopausal women, because SOF participants were aged 65 years or older, the impact of
BMD site discordance on risk of future fractures in younger women cannot be determined from
these data. Sixth, some true clinical spine fractures may have been adjudicated as uncertain.
Sensitivity analyses considering all self-reported clinical spine fractures adjudicated as
uncertain to be true clinical spine fractures suggested that women osteoporotic only at spine
may have a greater risk for clinical spine fractures than originally estimated. Finally, because
study participants were community-dwelling, largely healthy Caucasian women, study
findings also may not be generalizable to institutionalized individuals, to men, or to nonwhite
women.

In conclusion, we found that older women commonly had discordant hip-spine BMD results
and that these predicted different patterns of fracture risk. Women meeting osteoporosis criteria
only at hip were at greatest risk for incident hip fracture, with smaller elevations in risk for
other fracture types. Women with osteoporosis only at spine were at increased risk for
radiographic spine and nonhip nonspine fractures. Women meeting osteoporosis criteria only
at spine would not have been identified solely from hip BMD measurement, and may benefit
from preventive treatment.
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FIGURE 1. Study Flow Diagram
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FIGURE 2. Risk of Incident Fractures in Women Osteoporotic Only at Spine, Overall and by Total
Hip BMD Tertiles*†

*All results adjusted for age and weight at Visit 2
†Within women osteoporotic only at spine, total hip BMD tertiles were as follows: low <0.706
g/cm2 (T-score < -1.934); middle 0.706 to 0.757 g/cm2 (T-score -1.508 to -1.934); high >0.757
g/cm2 (T-score > -1.508)
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FIGURE 3. Risk of Incident Fractures in Women Osteoporotic at Both Hip and Spine, Overall and
By Total Hip BMD Tertiles*†

*All results adjusted for age and weight at Visit 2
†Within women osteoporotic at both hip and spine, total hip BMD tertiles were as follows:
low <0.582 g/cm2 (T-score < -2.958); middle 0.582 to 0.633 g/cm2 (T-score -2.524 to -2.958);
high >0.633 g/cm2 (T-score > -2.524)
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Table 2
Risk of Incident Fractures by Osteoporosis Status

Osteoporosis Status*

Hip only LS only Hip + LS Neither

Incident Hip Fractures

 n/N (%) 172/727 (23.7) 116/1179 (9.8) 284/1314 (21.6) 336/4363 (7.7)

 Rate, n/1000 p-yr (95% CI)† 20.6 (17.2-24.0) 8.6 (6.9-10.2) 18.4 (16.1-20.6) 6.6 (5.9-7.3)

 Risk, HR (95% CI)‡ 3.0 (2.4-3.6) 1.2 (1.0-1.5) 2.7 (2.2-3.2) 1.0 (referent)

Incident Nonhip Nonspine
Fractures

 n/N (%) 247/727 (34.0) 396/1179 (33.6) 491/1314 (37.4) 1088/4363 (24.9)

 Rate, n/1000 p-yr (95% CI)† 39.2 (33.7-44.8) 40.9 (36.6-45.2) 51.2 (46.1-56.2) 26.1 (24.5-27.6)

 Risk, HR (95% CI)‡ 1.6 (1.4-1.8) 1.6 (1.4-1.8) 2.0 (1.8-2.2) 1.0 (referent)

Incident Clinical Spine
Fractures§**

 n/N (%) 19/673 (2.8) 19/1040 (1.8) 84/1115 (7.5) 59/4170 (1.4)

 Risk, OR (95% CI)‡ 2.2 (1.3-3.8) 1.4 (0.8-2.4) 6.5 (4.4-9.6) 1.0 (referent)

Incident Radiographic Spine
Fractures§

 n/N (%) 23/153 (15.0) 94/402 (23.4) 94 / 306 (30.7) 145 / 1472 (9.9)

 Risk, OR (95% CI)†† 1.5 (0.9-2.4) 2.8 (2.1-3.8) 4.0 (2.9-5.5) 1.0 (referent)

*
Osteoporosis status categorized as osteoporotic only at hip (Hip only), only at lumbar spine (LS only), both sites (Hip + LS), or at neither site.

†
P-yr = person-years; results adjusted for age at 2nd SOF exam.

‡
Results adjusted for age and weight at 2nd SOF exam.

§
Spine fracture rates not available because dates of spine fractures were unknown.

**
Results adjusted for age and weight at 3rd SOF exam.
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