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Abstract
Summary In elderly women with osteoporosis, prior fracture, low BMD, impaired physical functioning, poorer general health,
and recent falls were all direct predictors of imminent (in next year) fracture risk. Prior fracture, older age, worse health, impaired
cognitive functioning, and recent falls indirectly increased imminent risk by reducing physical functioning/general health.
Introduction This study was designed to examine determinants of imminent risk of osteoporotic fracture (i.e., next 1–2 years) in
postmenopausal women.
Methods This retrospective cohort study used data from Caucasian women age 65 or older with osteoporosis who participated in
the observational Study of Osteoporotic Fractures (SOF). We examined potential direct and indirect predictors of hip and
nonvertebral fractures in 1-year follow-up intervals including anthropometric measures, bone mineral density (T-score), fracture
since age 50, physical function, cognition, medical conditions, recent (past year) falls, and lifestyle factors. Clinically related
variables were grouped into constructs via factor analysis. These constructs and selected individual variables were incorporated
into a theoretical structural equation model to evaluate factors that influence imminent risk.
Results Among 2261 patients, 19.4% had a nonvertebral fracture and 5.5% had a hip fracture within 1 year of a study visit between
1992 and 2008. Prior fracture, lower T-scores, lower physical functioning, and recent falls all directly increased 1-year risk of
nonvertebral fracture. For both nonvertebral and hip fractures, prior fracture and recent falls influenced risk indirectly through general
health, while cognition influenced risk via physical functioning. Age influenced both physical functioning and general health.
Conclusions Several established risk factors for 10-year fracture risk also played a role in predicting imminent risk of fracture
(e.g., T-scores, prior fracture), as did falls, cognition, physical functioning, and general health. Fracture risk assessments should
also consider falls and fall risk factors as well as established bone-related risk factors in assessing imminent fracture risk.
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Introduction

Osteoporotic fractures are associated with direct patient bur-
den in terms of morbidity and mortality and also exert a sig-
nificant societal economic burden stemming from direct

healthcare resource use (hospitalizations, outpatient visits,
prescription medication, rehabilitation, and long-term care),
direct nonmedical costs (transportation, caregivers), and indi-
rect costs (time and work impact on family caregivers, lost
patient productivity, early retirement) [1–6]. Despite the mag-
nitude of these clinical and economic burdens and the avail-
ability of effective treatments, osteoporosis is often
undertreated. Suboptimal treatment is an issue even among
women with a history of osteoporotic fracture, whose risk is
particularly elevated for another fracture. As few as one of
every four Medicare patients in the USA received treatment
after fracture [7, 8].

Several factors have been associatedwith an increasing risk
of fracture in postmenopausal women with osteoporosis. Prior
fracture is a key risk factor for subsequent fracture [9–11].
Fracture risk is also known to increase with advancing age,

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00198-020-05294-3) contains supplementary
material, which is available to authorized users.

* D. B. Crittenden
dcritten@amgen.com

1 Amgen Inc., One Amgen Center Drive, Thousand Oaks, CA 91320,
USA

2 Policy Analysis Inc. (PAI), Brookline, MA, USA

https://doi.org/10.1007/s00198-020-05294-3

/ Published online: 1 July 2020

Osteoporosis International (2020) 31:2103–2111

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-020-05294-3&domain=pdf
https://doi.org/10.1007/s00198-020-05294-3
mailto:dcritten@amgen.com


low bone mineral density (BMD), and greater risk or history
of falls [12, 13]. Certain pharmacologic therapies, such as
glucocorticoids, and medical conditions increase the risk of
secondary osteoporosis and related fractures through their di-
rect impact on bone density or structure [14–17]. In addition,
specific conditions and medications increase fracture risk in-
directly through mobility and/or physical, cognitive, visual,
and sensory deficits that increase the risk of falls [18].

Clinical risk assessment tools incorporate many of the
aforementioned risk factors with the goal of predicting the risk
of fracture over periods of 5–10 years. However, it is increas-
ingly appreciated that fracture risk varies over time as an in-
dividual’s health status varies and the interplay of risk factors
may differ for imminent (i.e., in the next 1–2 years) and long-
term risk. Although there is a growing body of literature
documenting the effect of factors that influence the 1- to 2-
year risk of fracture, the relationships among the factors that
shape the imminent risk of fracture are not yet well under-
stood. While some risk factors may directly influence fracture
risk, risk factors may also be interrelated and/or influence
other direct risk factors. The aim of our study was to identify
risk factors for imminent fracture in postmenopausal women
with osteoporosis and to describe their role in directly or indi-
rectly influencing imminent risk of fracture either indepen-
dently or as part of a group of related factors. In addition,
the more complete understanding of how specific factors in-
fluence imminent risk of fracture may also provide insights
into how often risk assessments should be performed in order
to capture important changes related to key risk factors in a
timely fashion.

Methods

In this study, we used structural equation modeling (SEM) to
examine the relationships between patient characteristics (e.g.,
demographics, clinical characteristics, lifestyle, physical func-
tioning) and imminent risk for hip and nonvertebral fractures
among elderly postmenopausal women with osteoporosis. We
focused on a 1-year period to evaluate imminent risk in this
study.

Study design and data source

This retrospective study used data from the Study of
Osteoporotic Fractures (SOF), which is a multicenter obser-
vational study. The SOF includes approximately 20 years of
prospective data that have served as the basis for studies of
osteoporosis and aging. SOF participants underwent examina-
tions every 2 years between the first and sixth visits and were
examined approximately every 4 years thereafter. Data on
BMD, body weight, cognitive function, lifestyle, medical his-
tory, medication use, physical function and performance,

quality of life, sleep, vision, and vital signs were collected at
these examination visits, although not all assessments were
performed at each visit. Participants also reported on falls
and fractures three times per year during the study.

Our study used data collected on Exam #4 (1992–1994),
Exam #5 (1995–1996), Exam #6 (1997–1998), Exam #8
(2002–2004), and Exam #9 (2006–2008), as well as data from
the triannual questionnaires administered between these ex-
aminations. Observations from Exams #1–3 and Exam #7
were excluded because data on time-dependent risk factors
(e.g., medication use) were not collected at these
examinations.

Study population

The original SOF cohort was enrolled in 1986 and included
9704 US (primarily Caucasian) women aged ≥ 65 years; 662
African-American elderly women were added in 1997 [16].
For this evaluation, the study population comprised a subset of
the overall SOF cohort and included Caucasian women who
had osteoporosis (defined in this study as T-score ≤ −2.5 at the
total hip) at any of the five examinations evaluated. For each
participant, each examination constituted a separate baseline
at which potential risk factors for fracture were determined
and from which subsequent fracture incidence was deter-
mined. Study subjects could contribute up to five observations
in total—one for each qualifying examination—and all obser-
vations were pooled for analysis.

Study outcomes

The primary outcomes were hip fracture and nonvertebral
fracture (including hip), as defined in the SOF. Fracture inci-
dence was assessed for a 1-year period that began on the day
after the date of each qualifying examination and extended
through the earliest of 365 days, loss to follow-up, or death.
The hip fracture outcome was defined as an incident,
nontraumatic fracture of the femoral neck, intertrochanteric
line, or other hip-related site. Nonvertebral fractures were cap-
tured in a SOF-defined composite measure of incident
nontraumatic fracture of the ankle, clavicle, elbow, face, foot,
finger, hand, heel, hip, humerus, knee, lower leg, pelvis, rib,
toe, upper leg, or wrist. Only fractures confirmed via an adju-
dication process conducted by SOF investigators were includ-
ed in our analysis.

Potential risk factors

Potential risk factors examined included demographics and
anthropometrics; BMD (T-score); prior fracture any time after
age 50 years; cardiac, cognitive, metabolic, and physical con-
ditions and related medications; recent fall history (last
12 months); lifestyle (e.g., smoking status, exercise); and

2104 Osteoporos Int (2020) 31:2103–2111



physical functioning and performance (e.g., instrumental ac-
tivities of daily living [IADL], chair stand, walking speed).

Statistical analysis

We used a two-step analysis strategy for this study. In the first
step, exploratory factor analysis (EFA) and a series of inde-
pendent single-factor confirmatory factor analysis (CFA)
models were used to determine whether related variables
should be grouped or tested individually in the models of
fracture risk. EFA is a statistical method for identifying related
predictors and grouping them into overarching constructs.
Each construct represents a single risk factor, aspects of which
may be quantified by different variables that can be directly
observed (e.g., IADL, walking speed, and time to perform
chair stands may collectively represent physical functioning).
In our study, EFA was used primarily to confirm an a priori
grouping of variables, which was informed by the existing
literature and expert opinion. CFA was used to evaluate how
well the available observed variables measured one or more
constructs and to assess the degree to which relationships in
the observed data conformed to the theoretical expectations.

In the second step of the analysis, we built on results of the
individual CFAs by testing a broader theoretical model of
imminent risk of fracture using SEM, a statistical framework
that supports the simultaneous evaluation of multiple interre-
lations among constructs and observed variables. The separate
models developed for hip and nonvertebral fractures reflected
hypothesized causal pathways that were based on risk factor
relationships established in prior clinical and geriatric research
publications and expert medical opinion.

Datamanagement and descriptive analyses were conducted
using SAS 9.4 (SAS Institute, Cary, NC). All models (EFAs,
CFAs, and SEMs) were estimated in Mplus 6.11 (Muthén &
Muthén, Los Angeles, CA) using weighted least squares
means and variance adjusted and accounted for the noninde-
pendence created by pooling all visits (multiple observations
per subject) using the Huber–White sandwich estimator [19].
EFA used Crawford–Ferguson oblique quartimax rotation
[20] to rotate initial values to more interpretable solutions.
Confirmatory models were evaluated using the root mean
square error of approximation (RMSEA), Tucker–Lewis
Index (TLI), and comparative fit index (CFI). To assess model
fit, we used the cut-points of CFI > 0.95, TLI > 0.95, and
RMSEA < 0.08 [21, 22]. The unadjusted, two-tailed alpha
level of 0.05 was used to determine statistical significance
for individual parameters of the CFAs and SEMs.

Results

The study population included 2261 postmenopausal women
who contributed 8128 observations. Selected patient

characteristics based on data collected at SOF Exam #4 (the
first assessment from which study data were obtained) are
presented in Table 1. Patient ages ranged from 70 to 93 years,
with a mean age of 77.9 (standard deviation [SD]: 5.1). The
mean total hip T-score among those with diagnosed osteopo-
rosis (N = 2048) was −2.8 (SD: 0.6), and 57% of patients had a
history of fracture since age 50 years. During the study period
(1992–2008), 5.5% (125/2261) of women in the sample had a
qualifying hip fracture, and 19.4% (438/2261) experienced a
nonvertebral fracture. On average, annually, approximately
6.4% of study participants had a nonvertebral fracture, and
1.7% had a hip fracture. Approximately 10% (44/438) of
women who experienced any qualifying nonvertebral frac-
tures reported a nonvertebral fracture in more than one
follow-up interval (i.e., experienced a subsequent fracture in
one of the designated observation periods). No women in the
study population contributedmultiple hip fractures to the anal-
ysis. Data from SOF Exam #4 indicates that 32% of 2247
women had fallen since their previous study visit.

In the first step of the analysis, after obtaining clinical input
into constructs that would be expected to underlie related mea-
sures that are quantified in the SOF database, we focused on
three a priori constructs: (1) cognitive functioning, (2) physical
functioning, and (3) general health. We used EFA to evaluate
these three constructs plus an additional factor that allowed for
assessment of unanticipated relationships (Online Resource 1).
Cognition was best represented by grouping the individual var-
iables of completing the Trails B exam in 3 min, the Mini-
Mental State Exam score, andwhether the patient had ever been
diagnosed with Alzheimer’s disease. Physical functioning was
best represented by grouping individual variables for patients’
self-report of walking for exercise; observed walking speed,
time to complete a chair sit to stand test, and grip strength;
and the IADL five-item functional disability score. General
health was best represented by variables for self-reported health
compared with other people, as well as current treatment for
hypertension, myocardial infarction, stroke, congestive heart
failure, diabetes, chronic obstructive pulmonary disease, or ar-
thritis. Current treatment for hyperthyroidism and Parkinson’s
disease, however, did not meet the threshold for inclusion in the
general health variable based on factor loading results. Results
for the “other” factor in the model suggested that a metabolic
construct could potentially be represented by body mass index,
diabetes treatment, and hip T-score. However, the metabolic
variable was not included since diabetes had a stronger associ-
ation with the general health variable. Given the expected asso-
ciation between BMD and fracture risk and the completeness of
BMD data, the decision was made to test T-score at total hip as
an independent risk factor in the fracture risk models.

Confirmatory factor models were specified for the cogni-
tion, physical functioning, and general health variables based
on the EFA results. Figure 1 presents the standardized factor
loadings for these three variables. As the cognition model was
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identified with three individual variables (Trails B completion
in 3 min, Mini-Mental State Exam, and Alzheimer’s disease),
model fit was perfect (Fig. 1a; RMSEA = 0.00, CFI = 1.00,
TLI = 1.00); higher values on this construct indicate more ro-
bust cognitive function. The confirmatory model for physical
functioning defined by five individual variables (walk for ex-
ercise, IADL five-item functional disability score, grip
strength, walking speed, and timed chair stands) fitted well
to the data (Fig. 1b; RMSEA = 0.05, CFI = 0.99, TLI =
0.99); higher values on the physical functioning construct in-
dicate greater functionality. The general health confirmatory
model initially included all variables indicated by the EFA
results but fit poorly, and modification indices indicated the
possibility of a subfactor related to heart disease, with corre-
lations observed among the variables for myocardial

infarction, hypertension, and congestive heart failure. To
maintain a unidimensional model of general health, the con-
gestive heart failure and hypertension variables were dropped
from the model, while the myocardial infarction variable was
retained. The final revised confirmatory model of the general
health variable, which included six variables (myocardial in-
farction, stroke, diabetes, chronic obstructive pulmonary dis-
ease, arthritis, and self-reported health compared to others),
provided reasonably good fit to the data (Fig. 1c; RMSEA =
0.02; CFI = 0.95, TLI = 0.92); higher values on the general
health construct indicate poorer health.

The constructs of cognition, physical functioning, and gen-
eral health, as well as relevant individual variables (age, T-
score at total hip, history of fracture since age 50, and recent
falls), were tested as potential risk factors for imminent

Table 1 Baselinea characteristics
of study population Characteristic Number of patients evaluated Mean (SD) or percentage

Age (years) 2242 77.9 (5.1)

Body mass index (kg/m2) 2062 24.4 (3.9)

T-score, total hip 2048 −2.8 (0.6)

Fracture since age 50 years (%) 2244 57

Number of falls in past 12 months 2247 0.6 (2.4)

Fall occurred since last visit (%) 2247 32

Ever diagnosed with Alzheimer’s disease (%) 2232 0.4

Currently treated for (%)

Arthritis 2229 24.9

Congestive heart failure 2232 4.8

COPD 2232 6.9

Diabetes 2232 3.3

Myocardial infarction 2232 6.1

Hyperthyroidism 2229 5.9

Hypertension 2233 32.3

Parkinson’s disease 2232 0.5

Stroke 2232 2.6

Self-reported health compared to others (%) 2234

Excellent 25.7

Good 54.7

Fair 17.2

Poor 2.1

Very poor 0.4

Grip strength 2078 17.2 (4.0)

Walking speed (m/s) 2107 0.9 (0.2)

Time to complete five chair stands (s) 2019 12.5 (4.9)

Walk for exercise (%) 2229 48.4

Current smoker (%) 2233 7.6

IADL five-item functional disability score 2232 1.4 (2.7)

Mini-Mental State Exam 2098 24.4 (2.0)

Completed Trails B exam in 3 min 2022 76.4

COPD chronic obstructive pulmonary disease, IADL instrumental activities of daily living, SD standard deviation
a SOF Exam #4
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fracture, with separate hypothetical models developed for hip
and nonvertebral fractures (Fig. 2, Fig. 3). Physical function-
ing was the strongest direct predictor, with impairments in
physical function associated with increased fracture risk
(p < 0.001) in both models. History of fracture was indirectly
associated with significant increases in imminent hip fracture
risk, exerting its influence by worsening patients’ general
health (p < 0.001). Worse general health was an indirect con-
tributor to imminent risk of hip fractures, exerting a negative
influence on physical functioning (p < 0.001). Better cogni-
tion indirectly protected against imminent risk of hip fracture,
acting through its influence on physical functioning. Recent
falls were a significant predictor of worse general health (p <
0.001), but the direct path between recent falls and imminent
risk of fracture and between recent falls and physical function-
ing did not achieve statistical significance in this study.

Finally, age exerted an indirect influence on imminent risk
of hip fracture by significant (p < 0.001) associations with
physical functioning (increasing age associated with decreas-
ing physical function) and general health (increasing age as-
sociated with worse general health).

Five factors had a direct, statistically significant influence
on the imminent risk of nonvertebral fractures (Fig. 3). Lower
BMD and impaired/worse physical functioning were associ-
ated with increased fracture risk (both p < 0.001). Recent falls
and history of fracture were also associated with increased
fracture risk (p < 0.001 and p < 0.05, respectively). General
health was directly related to the risk of nonvertebral fracture
but exerted its greatest influence by reducing physical func-
tioning (p < 0.001). Age, history of fracture, and recent falls
also influenced fracture risk indirectly by reducing physical
functioning and/or contributing to worsening general health.
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Fig. 1 Individual variables
comprising constructs. a
Cognition measurement model
including standardized factor
loading coefficients. All factor
loading coefficients were
significant at p < 0.001. b
Physical functioning
measurement model including
standardized factor loading
coefficients. All factor loading
coefficients were significant at
p < 0.001. c General health
measurement model including
standardized factor loading
coefficients. All factor loading
coefficients were significant at
p < 0.001. COPD chronic
obstructive pulmonary disease,
IADL instrumental activities of
daily living
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Better cognition exerted a strong protective influence, work-
ing indirectly through improved physical functioning.

Discussion

Our findings suggest that clinicians may have an opportunity
to identify postmenopausal women with osteoporosis who are
at high imminent risk of fracture, defined in this study as risk
for fracture in the next year, by focusing on BMD (T-score at
total hip), fracture history, and fall history, as well as factors
affecting physical functioning and general health. These fac-
tors directly influenced the risk of nonvertebral fracture in the
next year. The direct association of falls and hip fractures did
not achieve statistical significance in our model, whichmay be
related to sample size considerations, including the number of
study patients reporting falls and the low number of hip frac-
ture events. In addition to their role as direct risk factors in
nonvertebral fractures, recent falls and fracture history in-
creased 1-year risk of fracture indirectly through their negative
impact on general health and/or physical functioning.
Advancing age was significantly associated with decreased
physical functioning and worse general health in models of
both hip fracture risk and nonvertebral fracture risk, while
better cognition was significantly associated with better phys-
ical functioning in both models. General health also acted as
an indirect risk factor for imminent fractures, with worse
health associated with reduced physical functioning.

While there is no broadly accepted definition of imminent
fracture risk, we chose to focus on factors predicting fracture
in the next year to add to the literature on assessing risk over a
shorter time frame, in contrast to the traditional longer-term
fracture risk prediction framework. Our findings align well
with the growing body of literature on imminent risk of frac-
ture, including observational studies which have consistently
identified low BMD, prior fractures, age, poor health status,
previous falls, specific comorbidities that influence physical
and cognitive functioning (both of which are risk factors for
falls), as well as other fall-related risk factors, as key predic-
tors of the imminent risk of fracture [18, 23–28].

In the last decade, fracture risk assessment tools have
assisted physicians in identifying individuals at high risk and
in making decisions regarding the treatment of osteoporosis
[29]. While these tools provide important clinical insights,
they do not include some important risk factors, such as fall
history, which may lead to underestimation of risk [30–32].
For example, the developers of FRAX® (University of
Sheffield, UK) have noted that the tool underestimates frac-
ture risk in patients with frequent falls by as much as 30% for
each additional fall in the preceding year, although there is
ongoing consideration for adding falls to this tool in the future
[33]. FRAX® also does not yet account for how recent a prior
fracture was in estimating fracture risk and does not

distinguish the potentially differing impact on risk over
shorter and longer time horizons. Including falls and/or ac-
counting for the recency of prior fracture may increase the
sensitivity of fracture prediction by identifying additional pa-
tients at increased risk for imminent fracture.

Our models show that most of the predictors of imminent
risk include characteristics that reflect health status, which is
likely to change over time, particularly in older individuals.
This is consistent with a growing body of literature suggesting
that an individual’s fracture risk is dynamic, in that it varies
over time and may be dependent on the specific combinations
of risk factors that are present [18, 23–27]. Given that health
status changes andmedical events (e.g., myocardial infarction,
stroke, Alzheimer’s diagnosis) that affect factors such as phys-
ical functioning occur more frequently with increasing age,
annual assessments of fracture risk would likely help better
identify those patients most at imminent risk of fracture and
support improved management of fracture risk in these pa-
tients [18, 23, 27]. Annual assessments would reduce the risk
that changes in key health factors would be missed, and that
fracture risk would be underestimated.

Information on imminent risk may inform the choice of
treatment (selection of agent[s] with rapid effects), timing of
treatment initiation based upon risk, and approaches to se-
quencing therapy. For example, for patients in whom there
is particular urgency to build BMD and quickly reduce frac-
ture risk, a bone-forming agent may be prescribed prior to
transitioning the patient to an antiresorptive therapy—an ap-
proach validated by the recent VERO and ARCH studies of
teriparatide (Forteo, Eli Lilly, Indianapolis, IN) and
romosozumab (Evenity, Amgen, Thousand Oaks, CA), re-
spectively [34, 35]. Roux and Briot [36] have offered a frame-
work for understanding and using information on imminent
risk in the routine care setting, and a 2019 paper by Pinedo-
Villanueva et al. [37] has recommended the assessment of
imminent risk in the fracture liaison service (FLS) setting to
identify the patients most in need of treatment with potent
anti-osteoporosis medications with a rapid onset of action.
Imminent risk assessment may also help clinicians tailor other
patient support efforts, such as education on fall prevention
and management of comorbidities and medications that may
increase risk for fracture.

The current study used SEM, a methodology commonly
used in the social sciences, to elucidate relationships among
factors that influence the imminent risk for fracture in older
women with osteoporosis. Our models allowed us to identify
factors that directly influence the risk of fracture in the next
year, as well as factors that work through causal pathways to
influence fracture risk. The capacity to identify these indirect
risk factors is particularly important to gaining a more com-
plete understanding of the risk prediction for imminent frac-
ture (e.g., prior fracture not only may influence fracture risk
directly but also may confer additional fracture risk by
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reducing a patient’s physical functioning). A strength of our
SEM approach is the ability to incorporate clinical constructs,
which reduces the potential for measurement error that may
arise when relying on a single measure to quantify a particular
factor, into the model. For example, in our models, five dif-
ferent variables are included as indicators for the physical
functioning construct. Because we used SEM, the common
“physical functioning” variance is separated from item-
specific variance in the analyses, and only that common var-
iance is used as a variable, providing a more targeted estimate
of the true relationships between, in this example, physical
functioning and the imminent risk of fracture. Although the
studymethodology is complex, the results of the models clear-
ly show factors that are important predictors of the imminent
risk of fracture. For the clinician, this indicates the importance
of considering these factors to assess short-term risk and in-
tervening to reduce fracture risk when appropriate.

Our study has some limitations. First, our study population
comprises self-selected, elderly, community-dwelling female
volunteers lacking in racial and ethnic diversity, which limits
the generalizability of our results. Women with osteoporosis
(T-score ≤ −2.5 at total hip) were underrepresented in SOF
(17% of SOF versus 25% of the US female population are ≥
65 years old) [38], and SOF does not include data on post-
menopausal women with osteoporosis who are under age 65.
Our use of the hip T-score to identify patients with osteopo-
rosis also did not allow for selection of patients who may have
met a diagnosis of osteoporosis based on other clinical char-
acteristics (e.g., osteopenia and history of osteoporotic frac-
ture). Changes in practice patterns, technology, and other un-
observable factors since 1986 (the year SOF commenced)
may also have implications for the generalizability of our
findings to the current osteoporosis care landscape. Key data
elements (e.g., family and personal medical history, lifestyle)
in this study were obtained through self-report, and recall bias
may have influenced the accuracy of these data. Fall data were
also collected at different intervals than those used for the
main data elements, and the SOF study design did not allow
for validation of those data. Given the available data, we did
not directly model the impact of recent fracture or the specific
timing of recent falls nor were we able to rigorously assess for
the effect of changes in medications that may impact risk of
fracture (e.g., corticosteroids, opioids, antihypertensives,
which may impact risk for fracture via increasing risk for falls
or direct effects on bone). We also acknowledge that SEM is
essentially a hypothesis-testing methodology that supported
our initial identification of important direct and indirect risk
factors. The risk factors and relationships described here,
however, need to be confirmed and validated using additional
analytic techniques and data from other large osteoporosis
populations. Lastly, we did not assess risk factors or explicitly
determine fracture risk in the time period following the 1-year
observation periods after each qualifying examination to

confirm how relative or absolute risk change over time in this
SOF population.

In summary, factors that influence the imminent risk of
fracture are dynamic and exhibit complex, yet clinically intu-
itive, interrelationships. This research reinforces literature that
has established the importance of BMD, prior fracture, recent
falls, physical functioning, age, cognition, and general health
in their roles as direct and/or indirect risk factors for imminent
hip and nonvertebral fractures. Our findings also suggest that
osteoporosis care may be improved by routinely monitoring
these potential risk factors in order to more expediently iden-
tify postmenopausal women with osteoporosis who are at im-
minent risk for fracture and tailor treatment accordingly.
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