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Abstract An association has been reported between
cardiovascular disease (CVD) and osteoporosis, perhaps
attributable to the presence of common risk factors. To
assess this possibility, we measured areal bone mineral
density (BMD) and carotid artery intimal medial thickness
(IMT), a measure of preclinical atherosclerosis, in 535
women and 335 men from the San Antonio Family Oste-
oporosis Study. Variance decomposition methods were
used to determine whether cross-sectional measures of
areal BMD (measured by dual-energy X-ray absorptiome-
try) of the total hip, spine, and forearm were correlated
with IMT, serum lipids, and/or C-reactive protein (CRP), a
marker of inflammation, after accounting for known envi-
ronmental factors. We observed significant inverse
correlations of IMT and BMD at all bone sites in women
>60 years of age (P <0.001) and modest positive
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correlations (not significant) of IMT on hip BMD (P < 0.1)
in women <60 years of age. Similarly, we observed neg-
ative correlations between IMT and forearm BMD in men
>60 years of age (P < 0.001) and positive correlations in
men <60 years of age (P = 0.05). Variation in risk factors
for CVD, including serum levels of low- and high-density
lipoprotein cholesterol, low-density lipoprotein particle
size, triglycerides, paraoxonase 1 activity, and CRP did not
account for the relationship between BMD and IMT in
either older or younger men or women. In summary, our
results demonstrate that decreased BMD is correlated with
increased IMT in older (but not younger) Mexican Amer-
ican men and women, independent of serum CVD risk
factors.

Keywords Osteoporosis - Atherosclerosis -
Cardiovascular disease - Bone mineral density -
Arterial intimal medial thickness

Osteoporosis and cardiovascular disease (CVD) are mala-
dies of major health concern, together responsible for a
large proportion of morbidity and mortality among the
elderly. Low bone mineral density (BMD), especially that
of postmenopausal women, is associated with increased
mortality due to osteoporotic fractures [1], stroke, and
CVD [2]. The relationship between osteoporosis and CVD
in women has been recognized for over 30 years [3];
however, it has often been described as an artifact of aging,
despite studies showing the persistence of this relationship
after adjusting for age [3, 4]. In fact, it has been estimated
that women with bone mass in the lowest quartile (as
measured in early postmenopause) are at twice the risk of
CVD death as those in the highest quartile [2]. Likewise,
women with lower metacarpal cortical area, a measure of
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osteoporotic risk, have greater incidence of coronary heart
disease [5]. Several additional studies have linked the
progression of arterial calcification with concurrent bone
loss [6-9]. Much of the evidence supporting a relationship
between osteoporosis and CVD is drawn from studies of
older women; few studies have been carried out in men.
Large epidemiological studies of older men have shown
that low BMD is associated with increased severity of
calcified carotid plaques (n = 2,543 Caucasians, aged 55—
74 years) [10] and CVD (n = 552 African Americans and
939 Caucasians, aged 68—80 years) [11]. A smaller study
demonstrated lower BMD in patients (including 20 men)
with peripheral vascular calcification compared to controls
[12].

There is some speculation that the mechanism(s) linking
osteoporosis and atherosclerosis acts through shared risk
factors. For example, the importance of lipids in both
atherosclerosis and bone disease has recently been inves-
tigated [13]. Several epidemiological studies [14—16], but
not all [17], have reported associations between lipid pro-
files and BMD. Furthermore, lipid-lowering agents such as
hepatic hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors have been shown to increase BMD
[18] and reduce the risk of osteoporotic fractures in older
women [19], as well as reduce intimal medial thickening
(IMT) [20] and arterial calcification [21], two subclinical
measures of atherosclerosis. One category of lipids, oxi-
dized lipids, may promote atherosclerosis by inducing
mineralization in the artery wall. However, in bone, oxi-
dized lipids inhibit mineralization and osteoblastic
differentiation, leading to decreased bone mass [8]. Vari-
ation in the gene coding for paraoxonase 1 (PONI1)
enzyme, which is strongly implicated in atherosclerosis and
thought to be involved in conferring antioxidant properties
to high-density lipoprotein (HDL), has been associated
with BMD in Japanese women [22]. Thus, the role of lipids
has been implicated in the pathogenesis of both bone and
vascular disease.

The role of inflammation in vascular and bone health
has also been studied. Atherosclerosis is thought to be
coupled with an ongoing inflammatory response [23], and
decreased BMD has been reported for individuals with
various conditions of chronic inflammation including
rheumatic diseases [24], lupus erythematosus [25, 26],
periodontal disease [27], pancreatitis [28—30], and inflam-
matory bowel disease [31], as well as individuals with
compromised immune function such as that due to human
immunodeficiency virus [32, 33]. Therefore, inflammation
may also influence concomitant changes in vascular and
bone health.

We have previously reported that the cross-sectional
relationship between BMD and preclinical atherosclerosis
differs by age in Mexican American women [34]. For

example, after controlling for the effects of body mass
index, age, and age squared, greater hip areal BMD was
correlated with increased IMT in women aged 2040 but
decreased IMT in women over 60 [34]. The age-dependent
relationship between BMD and IMT is further compounded
by menopausal status and the role of estrogen deficiency as
a risk factor for both osteoporosis and artery disease [35];
however, the age-dependent relationships were significant
even after controlling for menopausal status, leading us to
conclude that the factors jointly affecting the development
of osteoporosis and atherosclerosis may vary with age [34].

In the present study, we have expanded on our previous
work by evaluating in both men and women the contrib-
uting roles of serum CVD risk factors (lipids and a marker
of inflammation) as potential mediators of the association
between BMD and IMT. Because lipids appear to partici-
pate in the pathogenesis of bone and vascular diseases [8,
13], we analyzed BMD in relation to serum levels of low-
density lipoprotein (LDL) cholesterol, HDL cholesterol,
and triglycerides. Likewise, we included in our analyses
the effects of median LDL particle diameter because the
size of LDL particles has been shown to affect their affinity
for oxidative modification, binding to the artery wall, and
duration of residence in the plasma [36]. We also investi-
gated the potential effects of serum PONI1 activity, which
is implicated in atherosclerosis [37] and may mediate the
effect of lipids on disease pathogenesis. Additionally, in
order to explore the role of inflammation acting in parallel
on vascular and bone tissue, we included in our analyses
serum C-reactive protein (CRP), a marker of inflammation
that may be associated with BMD [38]. The goals of our
study were to assess whether the relationship between
BMD and IMT previously reported in Mexican American
women is also apparent in men and to determine if this
association is mediated, in part, by serum lipid-related
factors or inflammation.

Experimental Subjects and Methods

Those enrolled in this study were individuals at least 18
years of age from large Mexican American families in the
San Antonio area. All participants provided informed
consent for their involvement in this project, and all pro-
cedures were approved by the Institutional Review Board
at the University of Texas Health Science Center, San
Antonio.

Population Recruitment and Data Collection

Recruitment and data collection for the San Antonio
Family Osteoporosis Study (SAFOS) have been previously
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described in detail [39]. In brief, 34 probands between 40
and 60 years of age and all first-, second-, and third-degree
relatives were invited to participate in the study (535
women, 335 men). Medical examinations were conducted
between 1997 and 2000 and included anthropometric
measurements, a blood sample collection, a glucose toler-
ance test, and an interview regarding social, behavioral,
and lifestyle factors relating to cardiovascular risk. Body
mass index (BMI) was calculated as weight (kg) divided by
the square of height (m?) to assess adiposity and log-
transformed to reduce skewness. Diabetes was diagnosed
according to the World Health Organization’s plasma
glucose criteria (fasting plasma glucose concentration >7.0
mmol/L. and/or 2-hour post-glucose load concentration
>11.0 mmol/L) and/or self-report of current use of
diabetes medications. Menopausal status was also assessed
by self-report, whereby women having an -elapsed
time since most recent menstrual period of =1 year or
having undergone bilateral oophorectomy were defined as
“postmenopausal.”

Physical Measurements

Areal BMD (g/cm?) was measured for the lumbar spine
(L1-L4), total hip, one-third radius (measured one-third
radius length from distal end), and ultradistal radius using
dual-energy X-ray absorptiometry (DXA) (Hologic
1500W; Hologic, Bedford, MA) as previously described
[39]. Two radius sites were included due to differing
compositions of cortical and trabecular bone: one-third
radius, like total hip, is largely comprised of cortical bone,
whereas ultradistal radius, like total spine, is primarily
trabecular bone. IMT (mm) of the far wall of the extra-
cranial carotid artery was measured according to the
standard protocol by B-mode ultrasound as previously
described [34]. IMT measurements were inverse-trans-
formed to reduce skewness and standardized (mean = O,
standard deviation [SD] = 1) prior to analysis. We then
multiplied the standardized inverse IMT value by -1 for
ease of interpretation so that positive and negative values
of -IMT™" would correspond to artery walls that are thicker
and thinner than the mean, respectively.

Biochemical Measurements

Cholesterol and triglyceride levels were measured on a
Ciba-Corning (Medfield, MA) Express Plus clinical chem-
istry analyzer by enzymatic methods using reagents
supplied by Boehringer-Mannheim Diagnostics (Indianap-
olis, IN) and Stanbio (San Antonio, TX), respectively.
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Apolipoprotein B—containing lipoproteins were precipitated
by use of dextran sulfate-Mg®*, and HDL cholesterol
(mmol/L) was determined in the supernatant [40]. LDL
cholesterol levels (mmol/L) were estimated on the basis of
triglyceride (mmol/L) and non-HDL cholesterol levels as
described [41, 42]; HDL, LDL, and triglyceride levels were
log-transformed to reduced skewness. Coefficients of vari-
ation in these assays were 2.1% for plasma cholesterol,
4.6% for HDL cholesterol, and 3.7% for triglycerides. LDL
size phenotypes (nm) were estimated by nondenaturing
acrylamide gradient gel electrophoresis using composite
gradient gels and methods described previously [43]. Sudan
black B was used to stain cholesterol in LDL particles, and
we derived an estimate of LDL size distributions from
which median LDL particle diameter was defined as the
diameter where half the LDL absorbance (i.e., particles
between 21 and 29 nm) is on larger and half is on smaller
particles [43]. The coefficient of variation (CV) for a control
sample run on each gel was 0.6%. Serum CRP levels (mg/L)
were measured using an ultrasensitive competitive immu-
noassay (antibodies and antigens from Calbiochem, La
Jolla, CA) and natural log-transformed to reduce skewness.
The interassay coefficient of determination was 8.9% [44,
45]. Arylesterase activity of PON1 was assayed at 30°C by
adding serum to 100 mM Tris buffer (pH 8.5) containing 2
mM CaCl, and 2 mM phenyl acetate as substrate. Rate of
phenol formation was monitored at 270 nm in the linear
phase using a Molecular Devices (Palo Alto, CA) Spectra-
Max M2 microplate reader in kinetic data acquisition mode
and an extinction coefficient of 1310/M*cm. Samples were
run in duplicate, and the average CV was 1.1% for these
samples; a low-level control run on each plate gave a
between-assay CV of 7.8%. PONI1 (but not other serum
CVD risk factors) was assayed on serum samples collected
5.2 years prior to BMD and IMT measurements.

Covariates

The following covariates were considered in our study:
medical variables including diabetes status (yes/no), men-
opausal status (pre-/post-), oral contraceptive use (yes/no),
hormone replacement therapy (yes/no), and number of
births (count); demographic variables including sex (male/
female), age (years), and sex X age (years); anthropometric
variables including BMI (m%kg); lifestyle variables
including smoking status (ever/never), current alcohol
consumption (yes/no), education (years), and total breast-
feeding duration (months); and serum risk factors for CVD
including LDL cholesterol (mmol/L), LDL median particle
diameter (nm), HDL cholesterol (mmol/L), triglycerides
(mmol/L), PON1 activity (umol/min/mL), and CRP (mg/L).
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Statistical Analyses

We assessed the relationship between lipid-related risk
factors for CVD and BMD after removing the effects of
known medical, demographic, anthropometric, and life-
style covariates (as stated above, all variables were tested
for nonnormality and transformed if necessary). In light of
well-documented differences in BMD and CVD risk fac-
tors between men and women and because significant sex
by IMT interactions were observed in preliminary analyses
for BMD of the hip, spine, and forearm (P = 0.004, 0.001,
and 0.06, respectively; results not shown), all analyses
were performed for males and females separately. To
identify an initial set of medical, lifestyle, demographic,
and anthropometric covariates that affect measures of
BMD, we performed bidirectional stepwise regression
using a liberal significance threshold of o = 0.1. These
covariates were included in the genetic analyses described
below.

Pedigree-based analyses were performed in a variance
component framework as previously described [39] to
account for the familial relationships in our sample. This
approach partitions the variation of a trait into measured
environmental (i.e., those due to covariates), additive
genetic (polygenic), and residual environmental (error)
effects. Our general model of BMD, y, for individual i
was as follows: y; = u + 2B,Xy + 2B, Yu + 2B,diZu
+& + e, where uis the mean BMD; X;; is the jth medical,
demographic, anthropometric, and lifestyle covariate for
the ith individual; Y;; is kth CVD risk covariate for the the
ith individual; d; is a binary indicator of age (<60 or >60
years) for the ith individual; d;Z; is the /th CVD risk
covariate for individuals >60 years of age; f3;, i, and f3;
are the corresponding regression coefficients; g; is the
additive genetic effect; and e; is the residual error effect.
This general model includes an age—interaction term to
assess whether effects of CVD risk covariates differ by age
cohort; previous work suggests they do [34, 46]. Maximum
likelihood methods were used to estimate covariate effects
on BMD while accounting for the familial relationships
within the data, and significance was assessed by com-
paring nested models via the likelihood ratio test (i.e.,
comparing the likelihood of the model retaining the
covariate of interest to that excluding it). To be certain of
capturing any effects that mediate the relationship between
BMD and IMT, covariates with possible effects at P < 0.1
were retained in our models. Details regarding the heritable
component in these models are addressed in Mitchell et al.
[39]. These analyses were performed using the Sequential
Oligogenic Linkage Analysis Routines (SOLAR) software
package [47].

To assess the correlates of BMD, including IMT and
CVD-related traits, we analyzed four models of BMD

variation: (1) the base model, in which the effects of sig-
nificant demographic, anthropometric, medical, and
lifestyle variables on BMD were tested; (2) the IMT model,
in which the effects of IMT and all significant covariates
from the base model were simultaneously tested; (3) the
serum CVD risk factors model, in which the effects on
BMD of serum risk factors for CVD and all significant
covariates from the base model were simultaneously tested;
and (4) the combined model in which serum CVD risk
factors, IMT, and significant covariates from the base
model were all tested. By comparing these models, we
were able to estimate the amount of BMD variation
attributable to IMT and CVD risk factors and determine if
CVD risk factors accounted for the relationship between
BMD and IMT. The IMT, serum CVD, and combined
models were compared to the base model using the like-
lihood ratio test.

In our analyses, the effects of IMT and serum CVD risk
factors were allowed to differ between individuals younger
and older than 60 years of age for comparability to other
studies, for ease of interpretation, and because previous
reports suggest that the relationships between BMD and
IMT [34] and between BMD and CVD risk factors [46]
may change with age. In addition, regression by locally
weighted scatterplot smoothing (LOWESS) was used to
assist in selecting age ranges for age-specific effects, as
well as to illustrate the nonlinear association between BMD
and IMT in different age cohorts. Although we present
results from our analyses by dichotomizing at age 60 years
for the reasons given above, we also obtained similar
results when we dichotomized at age 55 or menopausal
status in women as well as when we allowed covariate
effects to vary continuously with age (results not pre-
sented). Covariate screening, LOWESS regression, and
plotting were performed in the R environment for statistical
computing (R Foundation for Statistical Computing,
Vienna, Austria).

Results

The study population (n = 870) contained 34 extended
Mexican American families including 535 females and
335 males. Tables 1 and 2 summarize baseline popula-
tion characteristics for women and men. As expected,
means of BMD for all bone sites were greater in men
compared to women and generally decreased with age.
An exception was spine BMD, which did not decrease
with age in men, possibly due to the high prevalence of
osteoarthritis and aortic calcification in older men, which
can lead to inflated densitometric values [48-50]. Also as
expected, mean IMT increased with age in both men and
women.
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Table 1 Mean (range) population characteristics in women and men

Women Men
(n = 535) (n = 335)

Demographic
Age (years) 43.2 (18.6-89.2) 42.1 (18.1-96.7)
Anthropometric

BMI (kg/m?) 31.6 (16.3-65.6) 29.8 (17.6-53.1)

Medical
Postmenopausal (%) 27.4 —
Diabetic (%) 20.4 19.9
Lifestyle
Current/ever smoker (%) 17.1 31.8
Current alcohol consumer (%) 29.4 60.2

Oral contraceptive user (%) 12.9 —

To determine the proportion of BMD variation
explained by measured environmental covariates while
accounting for the familial relationships in our sample, we
modeled the variance components of BMD sites in men
and women separately. Analyses of covariates revealed that
serum CVD markers are noncollinear (pairwise R? ranging
0-0.23 for all covariates except triglyceride levels and
LDL particle diameter, for which R* was 0.54 in men and
0.34 in women). As described in detail above, four models
were constructed to assess the correlates of BMD. In the
initial base model, only age, BMI, menopausal status (in
women), and diabetes status (in men) were significantly
associated with BMD. As expected, BMD was inversely
associated with age and directly associated with BMI at all
bone sites in both women and men. Postmenopausal
women had lower BMD at all bone sites, and diabetic men

had lower BMD at both sites of the radius. Altogether,
these covariates accounted for 29-40% of variation in
BMD in women and 3-22% of BMD variation in men. As
previously reported [39], genetic factors accounted for
much of the variation in BMD in both men and women,
with heritability (i.e., the proportion of variation due to
genes) of BMD estimated as 23-52% for bone sites in
women and 13-51% for bone sites in men.

Table 3 shows beta coefficients and significance for
covariates in the IMT model, which builds on the base
model by additionally including the possible effect of IMT,
which was allowed to differ for participants younger and
older than 60 years. IMT was inversely associated with
BMD at all bone sites in women >60 years of age and at
the radius sites in men >60 years of age (P < 0.001 for all).
In contrast, increased IMT was marginally correlated with
higher hip BMD in women <60 years of age (P = 0.05)
and with higher ultradistal radius BMD in men <60 years
of age (P = 0.016). While the exact interpretation of beta
values (i.e., the expected change in BMD [mg/cm?] per 1
SD increase in -IMT') is somewhat obscured by our
transformation and standardization of IMT values, the
relative slopes show a dramatic decline in BMD in older
individuals and a modest incline in BMD in younger
individuals with increasing IMT. This changing relation-
ship between BMD and IMT with age is illustrated in
Figure 1. Compared to the base model, an additional 4-6%
of BMD variation in women (P < 0.00001 for all) and 5—
15% of radius BMD variation in men (P < 0.001 for both)
were explained by including the effects of IMT.

To determine whether serum risk factors for CVD (LDL
cholesterol, LDL median particle diameter, HDL choles-
terol, triglycerides, PON1 activity, CRP) were associated

Table 2 Mean (SD) BMD, IMT, and serum CVD risk factors across age strata (years) for women and men

Women <40 Women 40-60 Women >60 Men <40 Men 40-60 Men >60
(n = 246) (n = 2006) (n = 83) (n=172) (n =113) (n =50)
BMD (g/cmz)
Hip 1.03 (0.14) 1.04 (0.14) 0.89 (0.16) 1.13 (0.15) 1.11 (0.15) 1.07 (0.15)
Spine 1.04 (0.10) 1.03 (0.11) 0.85 (0.15) 1.05 (0.12) 1.07 (0.14) 1.05 (0.16)
One-third radius 0.68 (0.04) 0.67 (0.05) 0.56 (0.08) 0.78 (0.05) 0.79 (0.07) 0.73 (0.10)
Ultradistal radius 0.47 (0.05) 0.47 (0.06) 0.38 (0.08) 0.56 (0.06) 0.54 (0.07) 0.49 (0.07)
CVD risk factors
LDL cholesterol (mmol/L) 2.52 (0.65) 2.80 (0.82) 2.78 (0.76) 2.66 (0.81) 2.94 (0.81) 2.53 (0.94)
Med. LDL (nm) 26.8 (0.54) 26.7 (0.64) 26.8 (0.59) 26.6 (0.66) 26.5 (0.73) 26.4 (0.59)
HDL cholesterol (mmol/L) 1.24 (0.29) 1.32 (0.34) 1.36 (0.31) 1.18 (0.33) 1.22 (0.38) 1.18 (0.40)
PON1 (umol/min/mL) 77.9 (20.1) 78.3 (19.0) 73.5 (21.2) 78.3 (18.1) 76.2 (18.1) 66.8 (18.7)
Triglycerides (mmol/L) 1.33 (0.74) 1.74 (1.44) 1.63 (0.73) 1.49 (1.10) 1.68 (0.93) 1.69 (0.85)
CRP (mg/L) 2.99 (3.08) 4.61 (6.44) 4.67 (6.29) 1.99 (3.02) 3.02 (4.56) 1.86 (1.58)
-IMT! (standardized) -0.63 (0.75) 0.15 (0.73) 0.95 (0.81) -0.43 (0.90) 0.40 (0.80) 1.39 (0.87)
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Table 3 Relationship (beta coefficients, [P values]) of IMT with BMD in older (>60 years) and younger (<60 years) women and men

(IMT model)

Hip Spine One-third radius Ultradistal radius
Women
Sample size, n 445 447 444 455
LRT P value® 1x10° 0.0002 9x 107" 4x107®
-IMT™' (standardized)
<60 years 15.3 [0.05] — — —
>60 years -73.0 [3x 107 —-62.4 [1x 107 —43.9 [9x 1077 —44.1 [4x 107"
Men
Sample size, n 327 323 285 288
LRT P value — — 4x 10! 0.0007
-IMT™! (standardized)
<60 years — — — 11.3 [0.016]
>60 years — — -56.9 [4x 107 -27.0 [8 x 1079

* LRT P value from the likelihood ratio test comparing the IMT and base models. Models also include significant effects of age, BMI,
menopausal status, and diabetes status (not shown in table). Coefficients shown in “<60 years” and/or “>60 years” rows indicate the magnitude

of the relationship differs significantly by age cohort

with BMD, we modeled the effects of these covariates on
BMD, allowing them to differ by age group (<60 or >60
years) jointly with those from the base model. Table 4
summarizes the beta coefficients and P values for the
serum CVD risk factors model. In women >60 years,
PONT activity was positively associated (P < 0.03 for all)
and HDL cholesterol was modestly negatively associated
(P = 0.08 to 0.03) with BMD at all bone sites. In contrast,
HDL cholesterol was positively associated with spine
BMD in men (P = 0.03). The correlations of triglycerides
and CRP with BMD were inconsistent across bone sites
and sexes. Compared to the base model, serum CVD risk
factors accounted for an additional 1-3% of BMD variation
in women (P < 0.01 for all) and 0-3% of BMD variation in
men (no effect for hip, P < 0.02 for spine and radius sites).

Finally, to assess whether the observed association
between BMD and IMT could be explained by serum CVD
risk factors, we extended the base model to simultaneously
include the effects of IMT and serum CVD risk factors,
once again allowing (but not requiring) effects to differ for
individuals younger and older than 60 years of age. Mir-
roring the IMT model, age-specific IMT effects in the
combined model were retained for all bone sites in women
and radius sites in men (Table 5). Lipid-related risk factors
for CVD, including LDL cholesterol, LDL median particle
diameter, HDL cholesterol, PONI, triglycerides, and CRP,
were associated with BMD at some sites in women or men,
though such associations were not consistent across bone
sites or sexes (P = 0.1-0.001). Specifically, LDL choles-
terol was weakly inversely related to hip and spine BMD,
and LDL particle size was weakly inversely related to spine
BMD in women of all ages (P < 0.1). PON1 activity was

positively correlated with hip and ultradistal radius BMD
in women >60 years of age. In men, the effects of HDL
cholesterol and triglycerides mirrored those of the serum
CVD risk factors model. CRP was inversely associated
with BMD at radius sites in women <60 years of age but
directly associated in women >60 years (P < 0.01 for all).
Based on comparison of parameters and P values from the
IMT and combined models (Tables 3 and 5), we conclude
that the inclusion of serum CVD risk factors did not
account for the relationship between BMD and IMT;
instead, the effects of lipids, PON, and CRP on BMD were
independent of the effects of IMT. The IMT variables were
retained in the combined model, and their respective slopes
remained nearly constant despite incorporation of lipid,
PONI1, and CRP covariates. The cumulative effect of all
significant serum CVD risk factors accounted for an
additional 2-3% of BMD variation in women and 0-2% in
men beyond that of the IMT model. Altogether, covariates
included in the combined model explained significantly
(P < 0.05) more variation in BMD than the base model for
all sites except hip in men.

Discussion

Mounting evidence supports the concept that vascular and
skeletal health are interrelated, with several epidemiologi-
cal studies demonstrating a relationship between BMD and
measures of atherosclerosis/CVD, although the mecha-
nisms mediating this relationship are not understood. Our
results, showing an inverse relationship between BMD and
IMT (a measure of subclinical atherosclerosis) in older
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Fig. 1 Relationship (plotted as
local regression LOWESS
curves) between (a) hip, (b)
spine, (c¢) one-third radius, and
(d) ultradistal radius BMD and
IMT for women and men aged
<60 (gray circles and dashed
line) and >60 (plus signs and
solid line)
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Table 4 Relationship (beta coefficients, [P values]) of lipid-related risk factors for CVD with BMD in women and men (serum CVD risk factors

model)
Hip Spine One-third radius Ultradistal radius
Women
Sample size, n 507 510 491 502
LRT P value® 0.005 0.01 0.0004 3x107°
PONI activity (pmol/min/mL)
>60 years — 241 [0.009] 149 [0.0008] 172 [5x 107)
HDL cholesterol (LN[mmol/L])
>60 years -259 [0.08] -269 [0.06] -134 [0.03] —-111 [0.07]
Triglycerides (LN[mmol/L])
>60 years — — -87.4 [0.01]
CRP (LN[mg/L])
All ages — — -154 [0.02] -11.8 [0.08]
Men
Sample size, n 327 316 300 305
LRT P value — 0.03 0.01 0.007
PONI activity (pmol/min/mL) 161 [0.02]
>60 years
HDL cholesterol (LN[mmol/L])
>60 years 305 [0.03]
Triglycerides (LN[mmol/L])
All ages 27.2 [0.08] 31.0 [0.03]
CRP (LN[mg/L])
>60 years -71.6 [0.02]

# LRT P value from the likelihood ratio test comparing the serum CVD risk factors and base models. Models also include significant effects of
age, BMI, menopausal status, and diabetes status (not shown in table). Coefficients shown in “<60 years” and/or “>60 years” rows indicate the
magnitude of the relationship differs significantly by age cohort. Coefficients shown in “All ages” rows indicate the magnitude of the

relationship does not significantly differ by age cohort

individuals, corroborate previous studies and support the
hypothesis that common etiological factors are involved in
bone and vascular disease. However, efforts to identify
factors responsible for the mechanistic link between BMD
and atherosclerosis and CVD have, as of yet, been unsuc-
cessful [9, 51, 52].

Parhami et al. [8, 13] have suggested that lipid levels
may act as an etiological factor for both diseases and
proposed that a biological mechanism involving lipid oxi-
dation is the link between the atherosclerotic and
osteoporotic risks. One process by which oxidized lipids
may contribute jointly to osteoporosis and atherosclerosis
is by inducing osteoblastic differentiation in vascular tissue
(as shown in vitro) and inhibiting such differentiation in
bone cells [8, 13, 53], leading to the buildup of calcium in
arteries and simultaneous loss from bone. PON1 interacts
with lipids, catalyzing the reduction of oxidized LDL and
conferring antioxidant properties on HDL, and therefore is
mechanistically a strong candidate gene for modulating the
lipid oxidation pathway. Another potential mechanism by
which oxidized lipids may affect both BMD and

atherosclerosis is by mimicking chronic inflammation. By
stimulating an immune response, the accumulation of lipids
in vascular tissue may result in mineralization to confine
potential infectious agents, whereas a similar accumulation
of lipids in bone tissue may result in osteolysis to remove
substrate for infectious growth [53].

These two mechanisms may explain the paradox of
concurrent low BMD and arterial mineralization and ath-
erosclerosis; however, epidemiological data in support of
the oxidized lipid hypothesis are lacking. One study
looking at the relationship between lipids (including HDL
cholesterol, LDL cholesterol, and triglycerides), athero-
sclerosis, and osteoporosis failed to find significant
associations between serum lipids and BMD at the hip and
spine (though serum triglycerides differed in women with
and without vertebral fractures) [52]. Similarly, no asso-
ciation between serum PON1 (which metabolizes oxidized
lipids) and BMD at the hip and spine was observed by
Verit et al. [51]. Likewise, the relationship between CRP
and BMD in the third National Health and Nutrition
Examination Survey (NHANES) sample was not
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Table 5 Relationship (beta coefficients, [P values]) of IMT and serum CVD risk factors with BMD in women and men (combined model)

Hip Spine

One-third radius Ultradistal radius

Women
Sample size, n 436 444
LRT P value® 1x107® 1x10°
LDL cholesterol (LN[mmol/L])
All ages -82.1 [0.08] -77.6
LDL particle diameter (nm)
All ages — -20.4
HDL cholesterol (LN[mmol/L])
>60 years
PONI activity (pmol/min/mL)
>60 years 204
CRP (LN[mg/L])

<60 years — _

—269 [0.1] —

[0.04] —

>60 years — —
-IMT™! (standardized)

<60 years 19.3
-59.2

[0.01] —
>60 years [7x10%  -62.0
Men
Sample size, n 327 316
LRT P value® — 0.032
HDL cholesterol (LN[mmol/L])
>60 years — 305
Triglycerides (LN[mmol/L])
All ages — —
CRP (LN[mg/L])
>60 years — —
-IMT™! (standardized)
<60 years — —
>60 years — —

442 450
3x 10713 8 x 10716

[0.09] — —
[0.04] — —
-106 [0.1] —

[0.001]

223
20.9

[0.003]
[0.005]

-18.9
31.6

[0.01]
[0.001]

[1x10°% —46.1 [B3x 107 -447 [8 x 10719
283 281

5x 1071 2x 107
[0.03] — —
[0.04]

25.5 [0.07]

— -58.1 [0.05]

— 11.8
-56.5 [5x 107 -243

[0.01]
2 x 107

* LRT P value from the likelihood ratio test comparing the combined and base models. Models also include significant effects of age, BMI,
menopausal status, and diabetes status (not shown in table). Coefficients shown in “<60 years” and/or “>60 years” rows indicate the magnitude
of the relationship differs significantly by age cohort. Coefficients shown in “all ages” columns indicate the magnitude of the relationship does

not significantly differ by age cohort

significant after adjusting for demographic, anthropomet-
ric, and lifestyle covariates [38]. In contrast, in the present
study, we identified weak associations between BMD and
lipids, PON1, and CRP; however, when analyzed jointly
with IMT, the effects were inconsistent across bone sites
and sexes and clearly did not account for the same variation
in BMD as did IMT. The inconsistency of the relationship
between lipids and BMD across bone sites may be due to
(1) inadequate power to identify effects of small magni-
tude, (2) bone site-specific differences in composition or
metabolism [54, 55], or (3) serum lipids not accurately
reflecting levels of oxidized lipids. However, we have
approximately 96% power in women and 84% power in
men to detect a covariate effect explaining at least 2% of
variation in BMD; thus, we have power to detect any

@ Springer

meaningful effects [56]. Nonetheless, while lipid levels
and/or inflammation may be responsible for part of the link
between these two diseases via a common oxidative
mechanism, the serum traits measured in this study did not
account for the relationship between low BMD and pre-
clinical atherosclerosis.

Though more work is needed to better elucidate the role
of lipids in the relationship between BMD and athero-
sclerosis, this study makes an important contribution to the
growing body of literature in that we identified the rela-
tionship between BMD and atherosclerosis risk factors
across a broad range of ages (18-97 years) in both women
and men. In contrast to most previous studies, we were able
to assess the relationship between osteoporosis and CVD
risk factors specifically in younger individuals. Weak
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positive associations between IMT and BMD were
observed for bone sites in both men and women <60 years
of age. Positive associations may be spurious or may be
due to some unknown mechanism or confounder. One
possibility is that our adjustment for BMI may not entirely
account for the effects of obesity, which has strong oppo-
site effects on bone and vascular health. The residual effect
of obesity not explained by BMI may drive the marginal,
yet significant, positive relationship between BMD and
IMT in younger individuals at some skeletal sites. In
contrast, significant negative associations were observed
for all bone sites in women >60 years and radius sites in
men >60 years (though nonsignificant bone sites in older
men graphically suggest a similar negative trend). These
observations suggest that the joint etiology between BMD
and IMT is most apparent in older individuals. We spec-
ulate that years of exposure to oxidized lipids and/or
inflammation in young and middle-aged adults may impact
future bone and vascular health, leading to the observed
association in older individuals. Longitudinal study designs
incorporating measures of oxidized LDL (rather than sur-
rogates) and/or other measures of inflammation (such as
interleukin-6) could be used to better investigate the
association between bone and vascular disease if a time lag
between effect and outcome exists.

A complementary hypothesis, that reduced blood flow
to bone resulting from impaired vascular function
accounts for the mechanistic link between atherosclerosis
and osteoporosis, has also been proposed [57]. This idea
is supported by epidemiological evidence [11, 57, 58],
though blood flow did not fully explain associations
between vascular disease and BMD and does not explain
the modest positive association demonstrated in individ-
uals <60 years in this study. However taken together, the
oxidized lipids and reduced blood flow hypotheses may
act as parallel processes that explicate part of a more
complicated joint etiology of atherosclerosis and osteo-
porosis. Though the mechanisms linking bone and
vascular diseases are unknown, one protein that is cer-
tainly involved in their joint pathogenesis is
osteoprotegerin (OPG), a soluble decoy receptor that
intercepts the receptor activator of nuclear factor kB
(RANK) ligand, a bone resorption signaling molecule [58,
59]. OPG knockout mice develop severe osteoporosis
[60], and human OPG gene polymorphisms are associated
with BMD in postmenopausal women [61]. Interestingly,
OPG knockout mice also experience arterial calcification
[60], and human OPG gene promoter polymorphisms are
associated with both IMT and blood flow [62], clearly
implicating OPG and the RANK ligand as regulators of
both bone metabolism and vascular calcification. Another

protein possibly involved in the link between BMD and
IMT is klotho, a general antiaging factor, which, when
deficient in mice, leads to both severe osteoporosis and
progressive atherosclerosis [6]. Other unknown factors
may also act in parallel on both BMD and IMT, con-

tributing toward the indirect relationship between
osteoporosis and atherosclerosis observed in older
individuals.

While this study has several strengths that contributed to
our detection of the associations between BMD, IMT, and
CVD risk factors, including our well-characterized popu-
lation sample and assessment of multiple serum traits
associated with CVD, specific limitations also require
consideration. First, our sample size is relatively small,
especially for male subjects >60 years of age, and limits
our power to detect small effects, possibly explaining the
inconsistent effects of serum lipids, PON1, and CRP on
BMD across bone sites and sexes. Second, estrogen defi-
ciency, which has large effects on BMD, was indirectly
assessed via age and menopausal status; and adjustment for
these covariates may not have completely accounted for the
effects of estrogen levels. Third, PON1 levels were mea-
sured approximately 5 years prior to DXA bone
measurements; thus, our results reflect possible effects of
serum PONI levels on future BMD. The elapsed time
between PON1 and BMD measurements, however, should
not seriously affect our analyses as both diseases of inter-
est, osteoporosis and atherosclerosis, are conditions that
progress over the course of many years.

In summary, we have identified an association between
subclinical indicators of osteoporosis and cardiovascular
health in both Mexican American men and women and
shown that this relationship changes with age. In the young
and middle-aged, BMD is modestly positively associated
with IMT, whereas in older individuals, BMD is acutely
inversely associated with IMT. Moreover, we show that
serum CVD risk factors, including LDL cholesterol, HDL
cholesterol, LDL particle size, triglycerides, PON1, and
CRP, do not account for the concurrent relationship
between BMD and IMT. Still, the effects of lipid-related
risk factors in younger individuals may be manifest in older
individuals. Our findings provide insight into the patho-
mechanism(s) connecting these diseases; however,
complete understanding of how atherosclerosis and osteo-

porosis are biologically interrelated requires deeper
investigation.
Acknowledgments We are deeply grateful for the cooperation of

the families participating in the SAFOS. We also thank two anony-
mous reviewers for their thoughtful comments. This work was
supported by research grants RO1-AR43351 and PO1-HL45522
awarded by the National Institutes of Health. Support for the Frederic

@ Springer



440

J. R. Shaffer et al.: Correlation of BMD and Atherosclerosis

C. Bartter General Clinical Research Center was made available by
Clinical National Institutes of Health grant MO1-RR-01346.

References

1. Browner WS, Pressman AR, Nevitt MC, Cummings SR (1996)
Mortality following fractures in older women. The study of
osteoporotic fractures. Arch Intern Med 156:1521-1525

2. von der Recke P, Hansen MA, Hassager C (1999) The association
between low bone mass at the menopause and cardiovascular
mortality. Am J Med 106:273-278

3. Boukhris R, Becker KL (1972) Calcification of the aorta and
osteoporosis. A roentgenographic study. JAMA 219:1307-1311

4. Jie KG, Bots ML, Vermeer C, Witteman JC, Grobbee DE (1996)
Vitamin K status and bone mass in women with and without
aortic atherosclerosis: a population-based study. Calcif Tissue Int
59:352-356

5. Samelson EJ, Kiel DP, Broe KE, Zhang Y, Cupples LA, Hannan
MT, Wilson PW, Levy D, Williams SA, Vaccarino V (2004)
Metacarpal cortical area and risk of coronary heart disease: the
Framingham Study. Am J Epidemiol 159:589-595

6. Hofbauer LC, Brueck CC, Shanahan CM, Schoppet M, Dobnig H
(2007) Vascular calcification and osteoporosis—from clinical
observation towards molecular understanding. Osteoporos Int
18:251-259

7. Kiel DP, Kauppila LI, Cupples LA, Hannan MT, O’Donnell CJ,
Wilson PW (2001) Bone loss and the progression of abdominal
aortic calcification over a 25 year period: the Framingham Heart
Study. Calcif Tissue Int 68:271-276

8. Parhami F, Morrow AD, Balucan J, Leitinger N, Watson AD,
Tintut Y, Berliner JA, Demer LL (1997) Lipid oxidation products
have opposite effects on calcifying vascular cell and bone cell
differentiation. A possible explanation for the paradox of arterial
calcification in osteoporotic patients. Arterioscler Thromb Vasc
Biol 17:680-687

9. Whitney C, Warburton DE, Frohlich J, Chan SY, McKay H,
Khan K (2004) Are cardiovascular disease and osteoporosis
directly linked? Sports Med 34:779-807

10. Jorgensen L, Joakimsen O, Rosvold Berntsen GK, Heuch I,
Jacobsen BK (2004) Low bone mineral density is related to
echogenic carotid artery plaques: a population-based study. Am J
Epidemiol 160:549-556

11. Farhat GN, Strotmeyer ES, Newman AB, Sutton-Tyrrell K,
Bauer DC, Harris T, Johnson KC, Taaffe DR, Cauley JA (2006)
Volumetric and areal bone mineral density measures are asso-
ciated with cardiovascular disease in older men and women: the
health, aging, and body composition study. Calcif Tissue Int
79:102-111

12. Pennisi P, Signorelli SS, Riccobene S, Celotta G, Di Pino L, La
Malfa T, Fiore CE (2004) Low bone density and abnormal bone
turnover in patients with atherosclerosis of peripheral vessels.
Osteoporos Int 15:389-395

13. Parhami F, Garfinkel A, Demer LL (2000) Role of lipids in
osteoporosis. Arterioscler Thromb Vasc Biol 20:2346-2348

14. Adami S, Braga V, Zamboni M, Gatti D, Rossini M, Bakri J,
Battaglia E (2004) Relationship between lipids and bone mass in
2 cohorts of healthy women and men. Calcif Tissue Int 74:136—
142

15. Brownbill RA, Ilich JZ (2006) Lipid profile and bone paradox:
higher serum lipids are associated with higher bone mineral
density in postmenopausal women. ] Womens Health 15:261-270

16. Yamaguchi T, Sugimoto T, Yano S, Yamauchi M, Sowa H, Chen
Q, Chihara K (2002) Plasma lipids and osteoporosis in post-
menopausal women. Endocr J 49:211-217

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Samelson EJ, Cupples LA, Hannan MT, Wilson PW, Williams
SA, Vaccarino V, Zhang Y, Kiel DP (2004) Long-term effects of
serum cholesterol on bone mineral density in women and men:
the Framingham Osteoporosis Study. Bone 34:557-561
Edwards CJ, Hart DJ, Spector TD (2000) Oral statins and
increased bone-mineral density in postmenopausal women. Lan-
cet 355:2218-2219

Chan KA, Andrade SE, Boles M, Buist DS, Chase GA, Donahue
JG, Goodman MIJ, Gurwitz JH, LaCroix AZ, Platt R (2000)
Inhibitors of hydroxymethylglutaryl-coenzyme A reductase and
risk of fracture among older women. Lancet 355:2185-2188
Hodis HN, Mack WIJ, LaBree L, Selzer RH, Liu C, Liu C,
Alaupovic P, Kwong-Fu H, Azen SP (1996) Reduction in carotid
arterial wall thickness using lovastatin and dietary therapy: a
randomized controlled clinical trial. Ann Intern Med 124:548-556
Callister TQ, Raggi P, Cooil B, Lippolis NJ, Russo DJ (1998)
Effect of HMG-CoA reductase inhibitors on coronary artery
disease as assessed by electron-beam computed tomography. N
Engl J Med 339:1972-1978

Yamada Y, Ando F, Niino N, Miki T, Shimokata H (2003)
Association of polymorphisms of paraoxonase 1 and 2 genes,
alone or in combination, with bone mineral density in commu-
nity-dwelling Japanese. ] Hum Genet 48:469-475

Libby P, Ridker PM, Maseri A (2002) Inflammation and ath-
erosclerosis. Circulation 105:1135-1143

Schett G, Redlich K, Smolen J (2006) Inflammation-induced
bone loss in the rheumatic diseases. In: Favus MJ (ed) Primer on
the metabolic bone diseases and disorders of mineral metabolism,
6th ed. American Society for Bone and Mineral Research, Dur-
ham, NC, pp 310-313

Kipen Y, Briganti E, Strauss B, Will R, Littlejohn G, Morand E
(1999) Three year follow-up of bone mineral density change in
premenopausal women with systemic lupus erythematosus.
J Rheumatol 26:310-317

Uaratanawong S, Deesomchoke U, Lertmaharit S, Uaratanawong
S (2003) Bone mineral density in premenopausal women with
systemic lupus erythematosus. J Rheumatol 30:2365-2368

Van Dyke TE, Serhan CN (2003) Resolution of inflammation: a
new paradigm for the pathogenesis of periodontal diseases.
J Dent Res 82:82-90

Haaber AB, Rosenfalck AM, Hansen B, Hilsted J, Larsen S
(2000) Bone mineral metabolism, bone mineral density, and body
composition in patients with chronic pancreatitis and pancreatic
exocrine insufficiency. Int J Pancreatol 27:21-27

Mann ST, Stracke H, Lange U, Klor HU, Teichmann J (2003)
Alterations of bone mineral density and bone metabolism in
patients with various grades of chronic pancreatitis. Metabolism
52:579-585

Moran CE, Sosa EG, Martinez SM, Geldern P, Messina D, Russo
A, Boerr L, Bai JC (1997) Bone mineral density in patients with
pancreatic insufficiency and steatorrhea. Am J Gastroenterol
92:867-871

Bernstein CN, Leslie WD, Taback SP (2003) Bone density in a
population-based cohort of premenopausal adult women with
early onset inflammatory bowel disease. Am J Gastroenterol
98:1094-1100

Paton NI, Macallan DC, Griffin GE, Pazianas M (1997) Bone
mineral density in patients with human immunodeficiency virus
infection. Calcif Tissue Int 61:30-32

Glesby MJ (2003) Bone disorders in human immunodeficiency
virus infection. Clin Infect Dis 37 Suppl 2:S91-S95

Kammerer CM, Dualan AA, Samollow PB, Perisse AR, Bauer
RL, MacCluer JW, O’Leary DH, Mitchell BD (2004) Bone
mineral density, carotid artery intimal medial thickness, and the
vitamin D receptor Bsml polymorphism in Mexican American
women. Calcif Tissue Int 75:292-298



J. R. Shaffer et al.: Correlation of BMD and Atherosclerosis

441

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Barengolts EI, Berman M, Kukreja SC, Kouznetsova T, Lin C,
Chomka EV (1998) Osteoporosis and coronary atherosclerosis in
asymptomatic postmenopausal women. Calcif Tissue Int 62:209-213
Skoglund-Andersson C, Tang R, Bond MG, de Faire U, Hamsten
A, Karpe F (1999) LDL particle size distribution is associated
with carotid intima-media thickness in healthy 50-year-old men.
Arterioscler Thromb Vasc Biol 19:2422-2430

Ng CJ, Shih DM, Hama SY, Villa N, Navab M, Reddy ST (2005)
The paraoxonase gene family and atherosclerosis. Free Radic
Biol Med 38:153-163

Ganesan K, Teklehaimanot S, Tran TH, Asuncion M, Norris K
(2005) Relationship of C-reactive protein and bone mineral
density in community-dwelling elderly females. J Natl Med As-
soc 97:329-333

Mitchell BD, Kammerer CM, Schneider JL, Perez R, Bauer RL
(2003) Genetic and environmental determinants of bone mineral
density in Mexican Americans: results from the San Antonio
Family Osteoporosis Study. Bone 33:839-846

Warnick GR, Benderson J, Albers JJ (1982) Dextran sulfate-
Mg>* precipitation procedure for quantitation of high-density-
lipoprotein cholesterol. Clin Chem 28:1379-1388

Demacker PN, Hijmans AG, Brenninkmeijer BJ, Jansen AP, van
‘t Laar A (1984) Five methods for determining low-density
lipoprotein cholesterol compared. Clin Chem 30:1797-1800
Demacker PN, Toenhake-Dijkstra H, de Rijke YB, Stalenhoef
AF, Stuyt PM, Willems HL (1996) On the presumed inaccuracy
of the Friedewald formula in hypertriglyceridemic plasma: a role
for imprecise analysis? Clin Chem 42:1491-1494

Rainwater DL, Moore PH Jr, Shelledy WR, Dyer TD, Slifer SH
(1997) Characterization of a composite gradient gel for the elec-
trophoretic separation of lipoproteins. J Lipid Res 38:1261-1266
Macy EM, Hayes TE, Tracy RP (1997) Variability in the mea-
surement of C-reactive protein in healthy subjects: implications
for reference intervals and epidemiological applications. Clin
Chem 43:52-58

Sakkinen PA, Macy EM, Callas PW, Cornell ES, Hayes TE,
Kuller LH, Tracy RP (1999) Analytical and biologic variability in
measures of hemostasis, fibrinolysis, and inflammation: assess-
ment and implications for epidemiology. Am J Epidemiol
149:261-267

Shaffer JR, Kammerer CM, Rainwater DL, O’Leary DH, Bauer
RL, Mitchell BD (2004) Relationship between bone mineral
density and cardiovascular disease differs by sex. In: The
American Society of Human Genetics, 54th Annual Meeting,
(Abstracts) Toronto, Canada 54:511

Almasy L, Blangero J (1998) Multipoint quantitative-trait linkage
analysis in general pedigrees. Am J Hum Genet 62:1198-1211
Burger H, van Daele PL, Odding E, Valkenburg HA, Hofman A,
Grobbee DE, Schutte HE, Birkenhager JC, Pols HA (1996)
Association of radiographically evident osteoarthritis with higher

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

bone mineral density and increased bone loss with age. The
Rotterdam Study. Arthritis Rheum 39:81-86

Smith JA, Vento JA, Spencer RP, Tendler BE (1999) Aortic
calcification contributing to bone densitometry measurement. J
Clin Densitom 2:181-183

Zmuda JM, Cauley JA, Glynn NW, Finkelstein JS (2000) Pos-
terior—anterior and lateral dual-energy X-ray absorptiometry for
the assessment of vertebral osteoporosis and bone loss among
older men. J Bone Miner Res 15:1417-1424

Verit FF, Celik H, Yazgan P, Erel O, Geyikli I (2006) Parao-
xonase-1 activity as a marker of atherosclerosis is not associated
with low bone mineral density in healthy postmenopausal
women. Arch Gynecol Obstet 275:353-359

Bagger YZ, Rasmussen HB, Alexandersen P, Werge T, Chris-
tiansen C, Tanko LB (2006) Links between cardiovascular
disease and osteoporosis in postmenopausal women: serum lipids
or atherosclerosis per se? Osteoporos Int 18:505-512

Demer LL (2002) Vascular calcification and osteoporosis:
inflammatory responses to oxidized lipids. Int J Epidemiol
31:737-741

Arlot ME, Sornay-Rendu E, Garnero P, Vey-Marty B, Delmas PD
(1997) Apparent pre- and postmenopausal bone loss evaluated by
DXA at different skeletal sites in women: the OFELY cohort. J
Bone Miner Res 12:683-690

Duan Y, Parfitt A, Seeman E (1999) Vertebral bone mass, size,
and volumetric density in women with spinal fractures. J Bone
Miner Res 14:1796-1802

Soper DS (2007) Post-hoc statistical power calculator. Free Sta-
tistics Calculators (online software). http://www.danielsoper.
com/statcalc

Vogt MT, Cauley JA, Kuller LH, Nevitt MC (1997) Bone mineral
density and blood flow to the lower extremities: the study of
osteoporotic fractures. J Bone Miner Res 12:283-289

Tanko LB, Bagger YZ, Christiansen C (2003) Low bone mineral
density in the hip as a marker of advanced atherosclerosis in
elderly women. Calcif Tissue Int 73:15-20

Hofbauer LC, Schoppet M (2001) Osteoprotegerin: a link
between osteoporosis and arterial calcification? Lancet 358:257—
259

Schoppet M, Preissner KT, Hofbauer LC (2002) RANK ligand
and osteoprotegerin: paracrine regulators of bone metabolism and
vascular function. Arterioscler Thromb Vasc Biol 22:549-553
Bucay N, Sarosi I, Dunstan CR, Morony S, Tarpley J, Capparelli
C, Scully S, Tan HL, Xu W, Lacey DL, Boyle WJ, Simonet WS
(1998) Osteoprotegerin-deficient mice develop early onset oste-
oporosis and arterial calcification. Genes Dev 12:1260-1268
Arko B, Prezelj J, Kocijancic A, Komel R, Marc J (2005)
Association of the osteoprotegerin gene polymorphisms with
bone mineral density in postmenopausal women. Maturitas
51:270-279

@ Springer


http://www.danielsoper.com/statcalc
http://www.danielsoper.com/statcalc

	Decreased Bone Mineral Density Is Correlated with Increased Subclinical Atherosclerosis in Older, but not Younger, Mexican American Women and Men: The San Antonio Family Osteoporosis Study
	Abstract
	Experimental Subjects and Methods
	Population Recruitment and Data Collection
	Physical Measurements
	Biochemical Measurements
	Covariates
	Statistical Analyses

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


