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Abstract

Black women have lower fracture risk compared with white women, which may be partly
explained by improved volumetric bone mineral density (vBMD) and bone microarchitecture
primarily within the cortical bone compartment. To determine if there are differences in trabecular
microstructure, connectivity, and alignment according to race/ethnicity, we performed individual
trabecular segmentation (ITS) analyses on high-resolution peripheral quantitative computed
tomography (HR-pQCT) scans of the distal radius and tibia in 273 peri- and postmenopausal black
(n=100) and white (n=173) women participating in the Study of Women’s Health Across the
Nation in Boston. Unadjusted analyses showed that black women had greater trabecular plate
volume fraction, plate thickness, plate number density, and plate surface area along with greater
axial alignment of trabeculae, whereas white women had greater trabecular rod tissue fraction (p <
0.05 for all). Adjustment for clinical covariates augmented these race/ethnicity-related differences
in plates and rods, such that white women had greater trabecular rod number density and rod-rod
connectivity, whereas black women continued to have superior plate structural characteristics and
axial alignment (p < 0.05 for all). These differences remained significant after adjustment for hip
BMD and trabecular vBMD. In conclusion, black women had more plate-like trabecular
morphology and higher axial alignment of trabeculae, whereas white women had more rod-like
trabeculae. These differences may contribute to the improved bone strength and lower fracture risk
observed in black women.

Address correspondence to: Melissa S Putman, MD, Endocrine Unit, Massachusetts General Hospital, 50 Blossom Street, THR-1051,
Boston, MA 02114, USA. msputman@partners.org.

Additional Supporting Information may be found in the online version of this article.
Disclosures
All authors state that they have no conflicts of interest.

Authors’ roles: Study conduct and data collection: DL, KD, and JSF. Data analysis: EWY and MSP. Data interpretation: MSP, EWY,
JSF, and MLB. Drafting manuscript: MSP, EWY, JSF, and MLB. Revising manuscript content: JSF and MLB. Approving final
manuscript: all authors. MSP and EWY take responsibility for the integrity of the data analysis.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Putman et al. Page 2

Keywords

white; black; individual trabecula segmentation; high-resolution peripheral quantitative computed
tomography; trabecular microstructure

Introduction

Black women have a lower risk of fracture than white women,(1-3) and the reason for this
difference is incompletely understood. Areal bone mineral density (aBMD) measured by
dual-energy X-ray absorptiometry (DXA) is lower in white women than in black women(“)
but does not fully explain observed differences in fracture rates between these two groups.(®
We previously performed a cross-sectional study analyzing high-resolution peripheral
quantitative computed tomography (HR-pQCT) scans of the radius and tibia in white and
black peri- and postmenopausal women participating in the Study of Women’s Health
Across the Nation (SWAN) at the Boston site.() We found that black women had larger and
denser bones than white women and that cortical microarchitecture was improved in blacks
compared with whites. In contrast, most trabecular bone characteristics were similar
between the two groups.

Individual trabecular segmentation (ITS) provides for the detailed analyses of trabecular
bone morphology, characterizing the connectivity, axial alignment, and plate and rod-like
qualities of individual trabeculae. This type of analysis may provide novel insights into bone
strength, as plate-like morphology has been shown in experimental models to be stronger
than a rod-like morphology. Furthermore, greater alignment of trabeculae with the
predominant loading direction improves bone strength for that loading situation,®) although
not necessarily for other loading conditions. Studies in human cadavers have shown that
greater plate-like and axially aligned trabeculae are associated with stronger bone.(9:19) |TS
was initially developed for high-resolution images from microcomputed tomography(® but
has subsequently been adapted to HR-pQCT images from clinical studies.(!1) For example,
prior studies have reported differences in trabecular morphology between Chinese-American
women and white women that may help to explain the clinical paradox of lower fracture
rates among Chinese-American women despite concurrent lower aBMD.(12.13) Alterations in
the plate and rod-like nature of trabecular bone may also explain skeletal fragility in other
patient populations, including premenopausal women with idiopathic osteoporosis,t1)
postmenopausal women with primary hyperparathyroidism,(14) amenorrheic female

athletes, (1) postmenopausal women with prevalent fragility fracture,(16.17) and young adults
with cystic fibrosis.(18) This new tool has not yet been utilized to evaluate trabecular
microstructural differences between black and white women.

Thus, the goal of this study was to characterize the rod- and plate-like qualities, connectivity,
and axial alignment of trabecular bone of the radius and tibia of peri- and postmenopausal
black and white women and to determine whether ITS provides new information in addition
to aBMD and standard HR-pQCT measures that may help explain differences in fracture
risk according to race/ethnic origin. We also examined the contribution of ITS parameters to
the prediction of bone strength from microfinite element analysis.
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Subjects and Methods

Subjects and eligibility criteria

Subject eligibility and enrollment have previously been described.(?) In brief, this is a cross-
sectional evaluation of women participating in the Study of Women’s Health Across the
Nation (SWAN), a seven-site, longitudinal cohort study in community-based samples of
women. Women participating in SWAN were initially recruited between 1996 and 1997 and
were required to be 42 to 52 years old, have menstruated within the last 3 months, and
belong to one of the site’s predesigned race/ethnic groups. SWAN eligibility criteria, cohort
recruitment, and determination of menopause stage have been described previously in
detail.(19) The Boston SWAN site recruited black and white women as per the predesignated
race/ethnic groups. Ethnicity was determined by subject self-identification. Follow-up visits
have occurred every 1 to 2 years for more than 15 years. For the present study, HR-pQCT
and DXA scans were obtained at the Boston SWAN site during the 11th and 12th follow-up
visits between 2010 and 2012. For this substudy, exclusion criteria included contraindication
to DXA and/or HR-pQCT scanning, a history of solid organ transplant, or weight greater
than 330 pounds (because of weight limits of the HR-pQCT equipment). The protocol was
approved by the Partners Healthcare Institutional Review Board, and written informed
consent was obtained from all participants.

Assessment of clinical covariates

Clinical characteristics were assessed prospectively at each study visit using standardized
interviewer-administered and self-administered questionnaires as previously described.()
Clinical covariates of interest included age, tobacco use, alcohol intake, medical diagnoses,
medication use (including oral glucocorticoids, hormone-replacement therapy, and
osteoporosis medications), reproductive history, menopause status, and physical activity.(20)
Height was measured using a stadiometer and weight assessed using a balance scale.

Areal bone mineral density by DXA

Areal bone mineral density was assessed by DXA (QDR4500A, Hologic Inc., Bedford, MA,
USA) at the posterior-anterior (PA) lumbar spine, total hip, femoral neck, and total body
(excluding the head). For quality control, a Hologic anthropomorphic spine phantom was
scanned daily. For reproducibility measures, 30 patients were scanned twice, with
repositioning between scans. DXA precision (as calculated as root mean square CV) is 0.8%
for PA spine, 1.7% for femoral neck, and 1.0% for total hip.

HR-pQCT scans

Trabecular and cortical bone volumetric density and microstructure were assessed using HR-
pQCT scans (Xtreme CT, Scanco Medical AG, Bassersdorf, Switzerland) at the distal radius
and tibia using the standard region of interest (ROI) placement of a fixed distance of 9.5 and
22.5 mm from the radial and tibial endplate, respectively, as previously described.(?1-23) The
manufacturer’s phantom was scanned daily for quality control. Scans were reviewed by
investigators for motion artifact at the time of scanning and were repeated if significant
motion artifact was present. Standard HR-pQCT outcomes were obtained using Scanco
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analysis software version VV6.0. Extended cortical analyses and microfinite element analyses
were performed as previously described.(24-28) These results have been previously
reported.(?)

Individual trabecula segmentation analyses

ITS analyses were performed as previously described(®.11.29) after segmentation of the
trabecular bone compartment from each HR-pQCT image using established methods.(24-26)
The following trabecular microstructural parameters were obtained from the ITS algorithm:
total trabecular bone volume fraction (BV/TV); plate and rod bone volume fraction
(pBV/TV and rBV/TV); plate and rod tissue fraction (pBV/TV and rBV/TV); axially
aligned bone volume fraction along the longitudinal axis (aBV/TV); trabecular plate and rod
number density (pTbN and rTbN, 1/mm); mean trabecular plate and rod thickness (pThTh
and rTbTh, mm); mean trabecular plate surface area (pThS, mm?2); mean trabecular rod
length (rTbl, mm); plate-plate, plate-rod, and rod-rod junction density (P-P JuncD, R-P
JuncD, and R-R JuncD, 1/mm3). Same-day reproducibility (with repositioning) for ITS
outcomes at the radius and tibia in our laboratory ranged from 1.2% to 9.4% for plate-like
trabecular parameters; 0.9% to 17.1% for rod-like trabecular parameters; 1.0% to 7.7% for
total and axially aligned bone volume fraction; and 4.1% to 28.5% for junction density
measures.

Statistical analyses

We used independent samples two-sided #tests and/or chi-square tests to compare the
clinical characteristics and mean values of DXA aBMD and ITS parameters of black and
white women. Multivariable linear regression was then performed with the ITS parameters
as the dependent variables, adjusting for clinical covariates known to affect bone health and
those that were significantly different between groups by univariate analyses. Clinical
covariates included age, weight, current tobacco and alcohol use, current physical activity
score, diabetes, and history of systemic use of hormone-replacement therapy (HRT),
osteoporosis medications (oral or intravenous bisphosphonates or raloxifene), and significant
glucocorticoids (defined by self-report of glucocorticoid use >3 months at the baseline visit
or report of use at >3 subsequent follow-up visits). Using an interaction term, we tested for
effect modification by menopause duration (defined as years since final menstrual period) on
racial differences in ITS outcomes. We also analyzed the above multivariate model with
number of years since menopause substituted for age. Further analyses were performed with
inclusion of either aBMD at the total hip or trabecular vBMD (from the HR-pQCT standard
analyses) as additional covariates with the purpose of determining whether trabecular
microstructural differences between racial groups identified by ITS provides information
above and beyond what is available by standard measures. Total hip aBMD was chosen for
these analyses because this is a standard DXA site recommended by the International
Society for Clinical Densitometry for clinical use in the diagnosis of osteoporosis and
represents a combination of both trabecular and cortical bone. Trabecular vBMD was chosen
to determine if ITS identifies differences independent of that provided by the standard HR-
pQCT analyses.
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Within the full cohort, we determined associations between (a) ITS parameters and standard
HR-pQCT parameters and (b) ITS parameters and bone strength estimates (failure load) by
microfinite element analysis and using Pearson correlation coefficients. To determine which
standard HR-pQCT and ITS variables were predictors of failure load at the radius and tibia,
we utilized a general linear model with multiple predictors. In our previous publication,(?)
we utilized an oblique component variable cluster analysis©G% to choose HR-pQCT variables
to include to enter into the model. For the present analysis, we sought to determine whether
trabecular plate volume fraction (pBV/TV) and rod volume fraction (rBV/TV) assisted in the
predictive model of failure load. We thus replaced the trabecular structural outcome (ie,
trabecular thickness) with pBV/TV and rBV/TV, while retaining the other variables from the
model (ie, total cross-sectional area, trabecular vBMD, cortical vBMD, cortical thickness,
cortical porosity, and race). Data are reported as mean + standard deviation (SD) unless
otherwise noted, and p values < 0.05 were considered statistically significant. Statistical
analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).

Cohort characteristics and aBMD results

The clinical characteristics of the black (n7=100) and white (7= 173) subjects have been
previously described in detail(”) and are summarized in Table 1. Participants were 59.9 + 2.7
years old, and 93% were postmenopausal. Number of years since menopause was similar
between races. White women weighed less and reported greater alcohol use and less tobacco
use than blacks. Use of HRT, osteoporosis medications, and oral glucocorticoids were
similar between groups. More black women had diabetes than whites. White women had
significantly lower aBMD at the lumbar spine, total body, total hip, and femoral neck (p <
0.05 for all).

Racial/ethnic differences in ITS parameters

In unadjusted analyses, total trabecular bone volume (BV/TV) was 6% higher in black
women at the radius and was similar between the two groups at the tibia (Table 2, Fig. 1). At
both the radius and tibia, black women had greater trabecular plate volume fraction, plate
thickness, plate number density, and plate surface area. Black women also had greater axial
alignment of trabeculae at both the radius and tibia, along with greater plate connectivity at
the tibia. White women, on the other hand, had greater trabecular rod tissue fraction at both
the radius and the tibia along with greater rod thickness at the radius (Fig. 2). There was no
significant effect modification by menopause duration on racial differences in ITS outcomes.

Adjustment for clinical covariates augmented these racial differences in trabecular bone
morphology (Table 2). After adjustment for clinical covariates, black women continued to
have superior plate structural characteristics (plate volume fraction, plate thickness, and
plate surface area) at both the radius and tibia and greater plate number density at the radius.
Axial alignment of trabeculae also continued to be greater in black women at both sites after
adjustment for clinical covariates. White women continued to exhibit greater trabecular rod
number density and rod-rod connectivity at both the radius and the tibia, as well as greater
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trabecular rod volume fraction at the tibia. Adjusting for years since menopause instead of
age in these analyses did not affect these results (Supplemental Table S1).

Results were further adjusted for areal BMD at the hip in addition to clinical covariates to
determine if ITS analyses added additional information from what is already provided by
DXA (Table 2). In these analyses, racial differences in trabecular plate volume fraction and
axial alignment of both the radius and tibia were eliminated, but most other ITS parameters
continued to remain significantly different between races at both sites. When trabecular
vBMD was added to clinical covariates in the multivariable analyses, differences favoring
plate-like trabecular networks in blacks and rod-like networks in whites persisted at both the
radius and tibia (Table 2).

Correlation of ITS with standard HR-pQCT measures

We found that trabecular and whole bone outcomes from standard HR-pQCT analyses were
generally significantly associated with those obtained from ITS analyses (Table 3). Strong
correlations were noted between trabecular vBMD or trabecular thickness and ITS-derived
plate volume fraction, plate number, plate connectivity, and axial alignment (»=0.80 to 0.95,
p < 0.05 for all). Conversely, ITS-derived outcomes reflecting rod-like properties (rod
volume fraction, rod number, and rod connectivity) were strongly positively associated with
trabecular number (r=0.86 to 0.93, p < 0.05) and inversely associated with trabecular
separation (r=-0.73 to —0.85, 0 < 0.05). These associations were similar at the tibia
(Supplemental Table S2).

ITS predictors of estimated bone strength

As previously published, estimated bone strength by microfinite analyses was greater in
black women than whites.() In both races, ITS parameters were strongly correlated with
failure load at both the radius and the tibia. Strong positive predictors of failure load
included axial bone volume fraction, plate volume fraction, plate number density, and rod-
plate and plate-plate junction density (r=0.52 to 0.72, Supplemental Table S3). In the
multivariable model combining standard HR-pgCT outcomes and ITS outcomes, variables
were chosen from groups using cluster analysis from the following six categories: total
cross-sectional area; trabecular structure (plate and rod bone volume); cortical area and
volume (cortical thickness); cortical pore characteristics (cortical porosity); trabecular
volumetric density; and cortical volumetric density. In this model, the independent predictors
of estimated failure load at the radius were total cross-sectional area, plate bone volume, and
cortical thickness. At the tibia, the independent predictors were similar and included total
cross-sectional area, plate bone volume, cortical thickness, and trabecular vBMD (Table 4).
Race was not a significant predictor of failure load apart from the other variables. These
predictors together explained 89% of the variation in estimated failure load at the tibia and
91% at the radius.

Discussion

In this study, 1TS-based morphological analyses of HR-pQCT images revealed significant
differences in trabecular bone morphology between black and white peri- and
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postmenopausal women. Black women had advantageous plate-like qualities and greater
axial alignment of trabecular bone compared with white women, whereas white women had
greater rod-like trabecular structural characteristics. Notably, these differences persisted after
for clinical covariates and for hip BMD and trabecular vBMD. Thus, these alterations in
trabecular morphology are likely not fully reflected by DXA and standard HR-pQCT
analyses, suggesting that ITS may contribute important information regarding trabecular
bone integrity and fracture risk. These differences in trabecular plate and rod-like qualities
and orientation may help explain the greater estimated bone strength and reduced fracture
risk observed in blacks compared with whites.

To our knowledge, this is the first study to use ITS to compare trabecular bone morphology
between white and black women. Using standard analyses of HR-pQCT scans in this
population, we previously found that black women had greater cortical thickness, volume,
and area at both the radius and tibia along with greater cortical vBMD and lower cortical
porosity at the tibia.(") In contrast, most trabecular parameters were similar between the two
groups, with the only differences being greater trabecular thickness at the radius and tibia
and greater trabecular vBMD at the radius in black women. Notably, in the current study,
ITS analyses revealed additional differences in trabecular morphology and alignment not
reflected in standard analyses, namely that white women had significantly fewer and thinner
plates with lower plate surface area along with a greater proportion of rod-like trabecular
bone.

With age-related bone loss, intracortical and endosteal remodeling and fragmentation may
occur as the cortical component gets smaller and the trabecular component increases in size.
This remodeling could potentially overestimate the morphology of the trabecular
compartment leading to higher measurements of trabecular density. Given that white women
in our study had evidence of increased endosteal resorption, (") this could increase
measurements of trabecular density in white women relative to black women.

We also found that standard HR-pQCT measures may reflect different aspects of trabecular
microstructure in this population. In comparing standard trabecular HR-pQCT parameters to
ITS parameters, plate-like ITS measures were highly correlated with trabecular thickness
and trabecular density, whereas rod-like measures had strong correlations with trabecular
number and separation. Because many of the trabecular parameters from the standard HR-
pQCT analyses were found to be similar between whites and black women, our findings of
racial/ethnic differences in ITS parameters suggest that ITS may be more sensitive at
identifying some trabecular trait differences between groups.

Skeletal advantages in black women may reflect improved bone acquisition during younger
years and/or attenuation of bone loss in later years. Histomorphometric studies in younger
women have shown that blacks have higher cortical and trabecular thickness than
whites,(31-33) and studies in children of black race/ethnicity using pQCT suggest similar
advantages in cortical and trabecular bone compared with whites.(34:3%) With aging, plate-
like trabecular network may convert to a more rod-like network.(13) In one
histomorphometric study, African women had preserved trabecular number and separation
with aging compared with white women.(32) Compared with women of other races, black
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women were also found to have the slowest decline in lumbar spine aBMD, a site reflecting
mostly trabecular bone, over the menopausal transition.(® Although we do not have
measurements of bone marrow adiposity in our study subjects, a prior study of iliac crest
biopsies reported lower bone marrow adiposity in blacks.(36) A lower bone marrow content
could potentially contribute to a higher trabecular bone density, as assessed by X-ray
attenuation. Together with our findings, this raises the possibility that black women may
have inherent advantages in trabecular microstructure that persist despite aging. Future
longitudinal studies will be necessary to better understand the etiology of the trabecular bone
benefits observed in the peri- and postmenopausal women in this study.

Our findings are similar to previous studies that have reported that ITS analyses provide
unique information about race- and ethnic-related differences in trabecular bone
microstructure. For example, premenopausal Chinese-American women had higher plate
bone volume fraction and plate number density along with greater plate connectivity than
premenopausal white women.(12) Although these superior plate-like qualities were less
apparent with aging, postmenopausal Chinese-American women continued to have a higher
ratio of plate to rods and greater plate thickness than postmenopausal white women.(13) In
the current study, we found that peri- and postmenopausal black women had advantages in
plate-like trabecular qualities in addition to improved axial alignment compared with white
women. Moreover, white women had a more rod-like trabecular network compared with
blacks, in contrast to studies of Chinese-Americans who have similar rod-like features as
their white counterparts.(12.13) Together, these studies suggest that there may be underlying
race/ethnicity-based differences in trabecular microstructure favoring black women.

Alterations in trabecular morphology may have important clinical implications.
Postmenopausal women with osteopenia and a history of fragility fracture have lower plate
number and plate connectivity, along with reduced axial alignment of trabecular bone
compared with osteopenic women without fractures, even though BMD 7-scores were
similar between the two groups.(6) In addition, preferential loss of plate-like and axially
aligned trabeculae leading to a more rod-like trabecular network was found in
postmenopausal women with fragility fractures.(X”) Similarly, loss of plate-like trabecular
bone qualities was noted in patient populations with conditions predisposing to osteoporosis
and fracture, including postmenopausal women with primary hyperparathyroidism,(4)
young adults with cystic fibrosis,(18) and patients taking chronic oral glucocorticoids.(37)
Together, these studies suggest that plate-like and axially aligned trabeculae may be
particularly important determinants of skeletal integrity, and advantages in these parameters
in black women may be contributing to their reduced fracture risk compared with whites.

We previously reported that black women had greater estimated bone strength by microfinite
analyses than whites(”) and that that total cross-sectional area, trabecular vBMD, and
cortical thickness were the strongest HR-pQCT-derived predictors of failure load. In this
study, we found that failure load was strongly associated with plate-like characteristics and
axial alignment of trabeculae and less strongly associated with rod-like qualities. Moreover,
when both standard HR-pQCT and ITS outcomes are considered as predictors, plate volume
fraction is a significant predictor of failure load at both sites, independent of trabecular
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vBMD. These data suggest that the amount of plate-like trabecular bone is an important
contributor to bone strength and may help to explain black women’s reduced fracture risk.

We previously found that adjusting standard HR-pQCT outcomes for total hip aBMD
differences between black and white women led to more favorable trabecular
microarchitecture in whites, including increased trabecular number and decreased trabecular
separation at the radius and tibia and higher trabecular vBMD at the tibia. Despite these
trabecular advantages, bone strength estimates were still greater in black women. In our
current study, it becomes apparent that these trabecular improvements in whites after
adjustment of DXA aBMD are primarily affecting rod-like trabecular bone, including rod
bone volume, number, thickness, and connectivity. Because these rod-like characteristics
contribute less to structural integrity than plate-like structures, this likely explains why bone
strength continues to be stronger in black women after DXA aBMD adjustment. In addition,
adjustment for DXA aBMD leads to loss of significance of plate bone volume and axial
alignment at the radius and tibia along with plate number and thickness at the radius,
suggesting that these trabecular characteristics are most reflected in DXA measurements.

Strengths of this study include the relatively large sample size along with the detailed
clinical information regarding factors affecting skeletal health prospectively obtained over
the past 15 years. Our study also has several limitations. The cross-sectional nature of this
study cannot account for the dynamic changes in bone that occur with aging. In particular,
we cannot discern whether the favorable plate morphology in black women is because of
acquisition of favorable trabecular morphology in young adulthood or to better preservation
of a “youthful” trabecular morphology with advanced age. Also, the microfinite element
analyses used a fixed material property and therefore only reflect differences in bone
structure. In addition, although height was similar between black and white women, it is
possible that black women had longer extremities than white women, (38 which could lead to
imaging of a more distal region when a fixed ROI is used. However, Boyd and colleagues
showed that whereas cortical thickness decreases, there are minimal differences in trabecular
vBMD with a slightly more distal scan site.(23) Consistent with this, Shanbhogue and
colleagues reported that trabecular vBMD measures at the standard fixed site and a relative
scanning site were strongly correlated, 3% suggesting that our findings of trabecular bone
differences between blacks and whites of equal height are likely not attributable to artifacts
due to use of a fixed scan location. Lastly, our results pertain to peripheral skeletal sites only,
which may not necessarily be representative of trabecular microstructure at the axial
skeleton.

In conclusion, black women had greater plate-like trabecular morphology and greater axial
alignment of trabeculae, whereas white women had a more rod-like trabecular network.
These trabecular differences found on ITS analyses were not fully captured by DXA and
standard HR-pQCT measurements. Because a plate-like trabecular bone morphology
contributes more to bone strength than rod-like structures, these racial differences in
trabecular bone may contribute to the lower fracture risk observed in black women.
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Fig. 1.

Percent difference £ SEM in ITS parameters between white and black women (whites as
reference) at the radius (A) and tibia (B). *Different from white at p < 0.05.
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Fig. 2.
ITS images of the radius and tibia of a representative black woman and white woman.
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Clinical Characteristics and DXA aBMD Results of Study Cohort (\Values Presented as Mean + SD for

Clinical Characteristics and DXA Results

Table 1

White (n =173) | Black (n =100) | p Value

Age (years) 60.0+2.8 59.6 +2.6 0.21
Weight (kg) 76.4+16.8 84.6+19.1 <0.01
Height (cm) 1645+59 163.7+6.7 0.31
Body mass index (kg/m?) 282+58 315+6.5 <0.01
Postmenopausal (7, %) 161 (93) 94 (94) 0.88
Menopause duration (months) 924 +£41.7 96.0 £43.2 0.46
Physical activity score? 85+18 7T£L9 <0.01
Tobacco, 7 (%) 16 (9.3) 18 (18) 0.03
Alcohol, n (%)

None 19 (11.0) 36 (36) <0.01

<2/day 140 (75.1) 63 (63)

>2/day 24 (13.9) 1(1)
Significant glucocorticoid use, 77 (%) 18 (10.4) 13 (13) 0.51
Osteoporosis medication use, 77 (%) 17 (9.8) 9(9) 0.82
Diabetes, 77 (%) 10 (5.8) 25 (25) <0.01
Confirmed fracture, 77 (%) 22 (12.7) 9(9) 0.35
Systemic HRT use, 77 (%) 62 (35.8) 32(32) 0.52
DXA aBMD results

Total body (g/cm?) 1.077 £0.110 1158 +0.124 | <0.0001

Total hip (g/cm?) 0.911+0.135 1.006 £0.150 | <0.0001

Femoral neck (g/cm?) 0.761+0.119 0.879 £ 0.140 <0.0001

Posterior-anterior spine (g/cm?) 0.986 + 0.164 1.065+0.170 0.0002

laScores range from 3 to 9 with higher scores indicating increased physical activity.(zo)
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Standardized Effects of the Predictors of yFEA-Estimated Failure Load at the Radius and Tibia

Table 4

Predictor

Total cross-sectional area
pBV/TV

rBVITV

Trab vBMD

Ct thickness

Ct porosity

CtvBMD

Race/ethnicity

Radius | Tibia
Standardized effect | p value | Standardized effect | pvalue
0.61 <0.0001 0.67 <0.0001
0.41 0.0008 0.27 0.027
0.05 0.57 0.01 0.92
0.26 0.10 0.42 0.0015
0.52 <0.0001 0.52 <0.0001
-0.04 0.29 -0.09 0.06
0.09 0.08 0.11 0.07
0.01 0.74 0.01 0.61
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